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Guest Editors' Preface

11 Central European Symposium on Pharmaceutical Technology is focused on four
mean themes: (1) From smart materials to advanced drug delivery systems, (2)
Regulatory science - from generics to biosimilars, (3) Pharmaceutical engineering
and (4) In vivo/in vitro/in silico modelling.

The authors of 2 plenary lectures, 9 invited lectures, 25 oral and 121 poster
presentations have met and exceeded the organizers' expectations with the quality and
variety of their contributions.

Recent advances in drug delivery are presented, using very new or improved existing
„smart” materials. These materials were characterized from pysicochemical
characterization to in vitro/in vivo evaluation. Furthermore, advances in drug
delivery were presented such as 3D printing devices, and macro- and nanosized drug
delivery systems.

Special attention has been paid to pharmaceutical engineering with emphasis to
continuous manufacturing and Process Analytical Technology tools implementation
in pharmaceutical manufacturing.

Regulatory aspects of drug and formulation development are shown, both for
biologics and generics. Moreover, quality by design aspects in development of drug
delivery systems are evaluated from regulatory and academic point of view.

In modelling session, various aspects of quantitative-
structure permeability relationship modeling, bioperformance prediction of oral drug
products, computer simulations of iontophoresis in the drug delivery system and
particle deposition in nasal cavity are presented.

Over 280 delegates from 30 countries give this symposium a truly international
character and represent a strong basis for creative scientific interactions and wide
dissemination of new concepts. The organizers are grateful for all the assistance from
the supporting societies and associations in promoting the idea of CESPT in the
international community.

Prof S. Ibrić, President of CESPT
Prof A. Mrhar Co-President of CESPT
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In vivo/in vitro/in silico
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TARGETED 
NANOMEDICINES FOR 
LOCAL AND 
SYSTEMIC DELIVERY: 
APPLICATION TO 
siRNA DELIVERY 
 
 
Elias Fattal1* 
 
1Institut Galien Paris-Sud, Université Paris-Sud, 
School of Pharmacy, CNRS UMR 8612, 
Châtenay-Malabry, France 
 

 
 
 

INTRODUCTION 

Since its discovery, the mechanism of RNA 
interference has become the method of choice 
for silencing specific gene expression in 
mammalian cells. This possibility of 
controlling disease-associated genes makes 
RNA interference an attractive choice for 
future therapeutics in cancer, inflammatory 
and autoimmune diseases as well as dominant 
genetic disorders and viral infections (1). 
Despite the great potential applications for 
systemic and local delivery, small interfering 
RNAs (siRNAs) still face pharmacokinetic 
and cell penetration limitations. They are also 
susceptible to degradation by nucleases in 
biological fluids. Our strategy is therefore to 
design smart carriers for systemic and local 
delivery of siRNAs in order to circumvent 
these drawbacks (1). We have first developed 
targeted delivery systems for systemic 
delivery which will be illustrated by the 
design of anti-CD44 aptamer-functionalized 
liposomes. We have secondly started to study 
the feasibility of lung delivery of siRNA 
using dendrimers.  
 
 

TARGETED GENE SILENCING IN 
CANCER CELLS USING ANTI-CD44 
APTAMER-FUNCTIONALIZED 
LIPOSOMES 

CD44, a transmembrane glycoprotein that 
exists in different isoforms, plays an 
important role on cell – cell / cell – matrix 
interaction, cell adhesion and migration and 
signal transduction from the extracellular to 
the intracellular compartment. Moreover, it 
was clearly shown that many cancer types 
over-express this receptor which is also 
known to be a major biomarker of cancer 
stem cells (2). Aptamer are nucleic acids that 
adopt a 3D conformation which allows them 
to bind as efficiently as antibodies (without 
the drawback of the latests) receptor proteins. 
They are designed by the SELEX technique 
for systematic evolution of ligands by 
exponential enrichment. Apt1, a 2'-F-
pyrimidine-containing RNA aptamer, was 
selected against CD44 (3). Apt1 was 
successfully functionalized to the surface of 
PEGylated liposomes (Lip) using a thiol-
maleimide click reaction, resulting in ~140 
nm liposomes (4). The system is supposed to 
get internalised by cancer cells through 
CD44-mediated endocytosis and release 
liposomal content in the cytoplasm (Figure 1). 
 

 
Fig. 1: Mechanism of action of aptamer coated liposomes being 
taken up by cancer cells through endocytosicis mediated by 
CD44 receptor. 
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siRNA was efficiently loaded in such 
liposomes after complexation with protamine.  
The efficacy of Apt1-Lip-siRNA liposomes in 
knocking down Luc2 expression was tested in 
MDA-MB-231-Luc2-GFP breast cancer cells 
in vitro and showed higher inhibition to Luc2 
expression compared to Lip-siRNA alone and 
to mere protamine/siRNA polyplexes. 
Finally, an orthotopic xenograft model of 
human breast cancer was developed by 
implanting the MDA-MB-231-Luc2-GFP 
cells into the mammary fat pad of female 
nude mice. After 3 daily intravenous 
injections, a significant knockdown of Luc 
expression in tumors was observed for 
liposomes loaded with anti-Luc siRNA. 
Noteworthy, while non-functionnalized 
PEGylated liposomes did silence Luc in 
tumors, Apt1-conjuated liposomes entailed 
the more intense and prolonged response. 
 

siRNA THERAPY FOR TREATMENT 
OF LUNG INFLAMMATION USING 
PHOSPHOROUS CATIONIC 
DENDRIMERS AS TRANSFECTION 
AGENTS 

Chronic Obstructive Pulmonary Disease 
(COPD) is a severe condition characterized 
by a persistent inflammation in the lungs and 
is currently the third leading cause of death 
globally with no cure available. Current 
medicinal treatment for COPD includes anti-
inflammatory drugs and bronchodilators, 
which are relatively unspecific in their action 
and are administered systemically resulting in 
increased drug exposure and undesirable side 
effects. An siRNA-based treatment may 
provide a more specific therapy in which the 
inflammatory pathways occurring in COPD 
could be targeted. Of the many cytokines 
involved in the COPD inflammation process, 
TNF-α is believed to play a central role in the 
recruitment of inflammatory cells and 
soliciting of other cytokines. It can thus be 
considered as a good target for an siRNA 
based therapy against COPD. 
Two phosphorus-based dendrimers with 
either pyrrolidinium or morpholinium groups 
as terminal amines were synthesized and 

characterized. Their performance as 
transfection agents for lung delivery of 
siRNA directed against TNF- for the 
treatment of lung inflammation was assessed 
in vitro in cell cultures and in vivo in a 
murine model of acute lung inflammation.  
The dendrimers with pyrrolidinium and 
morpholinium surface groups, exhibited very 
different characteristics and performances 
when complexed with siRNA. Dendrimer-
siRNA nanocomplexes (dendriplexes) 
containing pyrrolidinium surface groups 
demonstrated better complexation, higher cell 
uptake and better transfection efficacy in cells 
The better performance of pyrrolidium 
dendriplexes can be explained by higher pKa 
leading to a stronger siRNA complexation 
and protection and a better cell uptake. The 
better efficacy was confirmed in vivo for 
pyrrolidinium dendriplexes with up to 80% 
TNF- inhibition in a dose dependent manner 
after direct lung delivery. 
 

CONCLUSIONS 

In this work, we demonstrate a successful 
conjugation of anti-CD44 aptamer to the 
surface of liposomes. Such liposomes show 
an enhanced affinity to the CD44 protein and 
CD44-expressing cancer cells. Finally, these 
liposomes loaded with an anti-Luc siRNA 
achieve an efficient gene silencing in vivo to 
orthotopic breast tumors, showing a 
promising potency of Apt1 decoration for 
selective gene delivery nanocarriers. We have 
also demonstrated that local delivery of 
siRNA using dendrimers can after inhalation 
target alveolar macrophages and block the 
expression of inflammatory cytokines. 
 

REFERENCES 
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2. Leite Nascimento et al. Lipid based nanosystems for CD44 
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3. Ababneh et al., In vitro selection of modified RNA aptamers 
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2013; 23(6):401-407. 
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SUPERSATURATION 
IN PERORAL DRUG 
DELIVERY 
 
P. Kleinebudde 
 
Heinrich Heine University, Institute of 
Pharmaceutics and Biopharmaceutics, 
Universitätsstr. 1, Building 26.22, 40225 
Düsseldorf, Germany 
 
 
 
 
INTRODUCTION 

Beside a high first-pass effect or insufficient 
chemical stability in the GI-tract, low 
solubility or low permeability of a drug 
substance are reasons for poor bioavailability 
after peroral administration. For BCS class II 
and IV drug substances having a low 
solubility many strategies exist to overcome 
the limitations. The design of enabling 
formulations, which provide supersaturation 
after administration is one of the well-known 
strategies. 
 
ENABLING FORMULATIONS 

Speaking about solid dosage forms different 
options are available to achieve 
supersaturation after administration. Co-
crystals can provide supersaturation of an API 
from the crystal state, which 
thermodynamically stable1. However, the 
most common strategy is to use amorphous 
systems. Due to the missing crystal lattice the 
solubility of a material is higher in the 
amorphous state. Usually, amorphous solid 
dispersions (ASD) are used for achieving 
supersaturation. Among the ASD glassy solid 
solutions are of special interest. Most glassy 
solid solutions are made with suitable 
polymers. In recent years, also co-amorphous 
mixtures using small molecules like APIs or 
amino acids as co-substrate or mesoporous 
silica based glassy solutions became more 
popular2. 

Different methods are available for the 
production of glassy solid solutions. Hot melt 
extrusion using melt cooling and spray drying 
using solvent evaporation are the most 
established techniques, which are scalable to 
the industrial scale. Beside many other 
techniques like co-milling, freeze-drying, 
electrostatic spinning, supercritical fluid 
technology or co-precipitation are explored.  
 
AMORPHOUS SYSTEMS 

Amorphous systems are attractive, because 
they can provide supersaturated solutions 
during dissolution. The solubility advantage 
depends strongly on properties of the material 
and physical state variables like the 
temperature. However, some problems are 
associated with amorphous systems, since the 
amorphous state is thermodynamically not 
stable. Materials differ in their glass forming 
ability and can be categorized. The storage 
stability is a concern, because the amorphous 
material can recrystallize. Furthermore, the 
supersaturation achieved during dissolution is 
also not thermodynamically stable and 
recrystallization can occur. The crystal 
nucleation and crystal growth are of 
importance in both cases. 
 
STABILISING SUPERSATURATION  

The incorporation of an amorphous material 
into a polymer based glassy solid solution can 
improve the crystallization tendency in both 
the solid and the supersaturated solution 
state3. Interactions between the API and the 
polymer favour stability in the solid state. In 
solution the behaviour is described by the 
“spring parachute” analogy. The polymer 
helps to keep the transient state of 
supersaturation by suppressing 
recrystallization for a certain period of time. 
Both the nucleation and the growth can be 
reduced by suitable polymers4.  
The selection of suitable polymers is often 
done by high throughput screening, but a 
number of experimental and theoretical tools 
are available for prediction. The drug-
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polymer miscibility and solubility are 
considered to make predictions5.  
An interesting aspect regarding the maximal 
area under the concentration time curve is the 
kinetic of achieving the supersaturation6. A 
rapid supersaturation generation results in a 
high supersaturation followed by a fast 
recrystallization resulting in a low AUC. A 
more gradual build-up of a sustained 
supersaturation provides higher AUC. 
Different methods are available to realize a 
sustained release of an ASD.  
 
EFFECT OF SUPERSATURATION ON 
BIOVAILABILITY 

The performance of ASD can be achieved by 
a range of methods7. In many cases but not 
always ASDs improved bioavailability. 
Depending on the analytical method used the 
detected amount of dissolved API is different. 
If using conventional filtration or 
centrifugation of the dissolution medium the 
amount of dissolved API not only includes 
the molecularly dispersed API, but also API 
incorporated into micelles or inclusion 
complexes, nanoparticulate crystalline or 
amorphous material etc. Since only the 
molecularly dispersed API can permeate the 
determined degree of supersaturation does not 
translate into improved permeability and 
bioavailability, but only the ‘true’ 
supersaturation of molecularly dispersed 
API8. 
 
Supersaturation is an interesting concept to 
increase bioavailability. A differentiated view 
is needed to get a clear picture about this 
concept. A number of problems are associated 
with supersaturation. Not everything is 
completely understood, but recent research 
has provided a better understanding.  
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FROM BATCH TO 
CONTINUOUS 
PHARMACEUTICAL 
MANUFACTURING 
 
T. De Beer* 
 
Laboratory of Pharmaceutical Process Analytical 
Technology, Ghent University, Belgium 
 
 
 
 
 
 
Nowadays, there exists the intention within 
the pharmaceutical industry to move from 
traditional batch processing to continuous 
processing. The latter can be defined as a 
manufacturing process that continuously 
receives raw materials and continuously 
processes them through all manufacturing 
stages until the final product is obtained. 
Continuous production offers many 
advantages such as flexible batch size, 
reduced batch variability and less time-
consuming and expensive scale up issues. 
Within the scope of a continuous drug 
product manufacturing, this presentation will 
focus on continuous production equipment for 
solids, semi-solids, liquids and biologicals, 
model based design, the importance of 
process monitoring (traceability) and control, 
and process modeling and simulation. 
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IN SILICO 
MODELING: 
TRANSFORMING 
OUR ABILITY TO 
PREDICT 
BIOPERFORMANCE 
OF ORAL DRUG 
PRODUCTS 
 
S. Cvijić*, S. Ibrić, Z. Đurić, J. Parojčić 
 
Department of Pharmaceutical Technology and 
Cosmetology, University of Belgrade-Faculty of 
Pharmacy, Vojvode Stepe 450, 11221 Belgrade, 
Serbia 
 
 
INTRODUCTION 

Formulation of oral drug products has 
remained a challenge, as a number of factors 
influence quality and efficacy of the final 
product. Changes in physiological parameters 
between individuals or population groups 
further impede prediction of drug product 
bioperformance based on drug and 
formulation characteristics. In this context, in 
silico modeling and simulation (M&S) tools, 
in conjunction with in vitro studies, have been 
recognized as a beneficial alternative to 
identify the key factors influencing drug in 
vivo performance, and predict drug absorption 
and disposition based on the selected 
dataset(s) of input factors. Major efforts have 
been directed to develop physiologically-
based (PB) in silico models to predict 
pharmacokinetics (PK) of orally administered 
drugs (1-3). These models evolved rapidly 
and some of them have been integrated in 
commercial software packages like 
GastroPlusTM and Simcyp® (3). 
 
MODELING STRATEGY 

PB models require a number of input data 
which could be experimentally determined or 

in silico predicted. Therefore, M&S start from 
data collection, and continue with parameter 
optimization (if needed) and model 
validation. Depending on the phase of 
formulation development and available data, 
different modeling approaches can be used 
(top-down, bottom-up or middle-out). If prior 
clinical data are available, the accuracy of the 
prediction is discussed in terms of the extent 
in which the simulated PK profile matches the 
actual in vivo values. 
The generated drug-specific absorption model 
can further be utilized to understand how 
formulation parameters or drug 
physicochemical properties affect drug PK 
profile, to provide the target in vivo 
dissolution profile for in vitro-in vivo 
correlation and identification of biorelevant 
dissolution specifications, to simulate the 
effect of different dosing regiments, to predict 
food effects on drug absorption or to perform 
stochastic simulations on a group of virtual 
subjects (Fig. 1). 

 

 
Fig. 1. General M&S strategy 
 
CASE STUDIES 

Numerous examples from literature 
demonstrate the basic principles of in silico 
M&S in pharmaceutical development of oral 
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dosage forms (1-5). The selected case studies 
emphasize some specific utilities of modeling 
tools to: test mechanistic hypotheses and 
identify the specific mechanisms governing 
drug absorption (in cases where the exact 
mechanism has not been elucidated), 
understand possible reasons for poor drug 
bioavailability and provide guidance on 
formulation strategy, interpret drug 
absorption pattern from oral dosage forms 
exhibiting different in vitro and in vivo 
performance, evaluate the influence of food 
on drug absorption, explore in vivo scenarios 
in cases where clinical studies are not feasible 
(e.g. the effect of potential alcohol-induced 
dose dumping from sustained-relase oral 
dosage forms on drug PK profile) etc. 
 
ADVANTAGES AND LIMITATIONS 

Introduction of in silico M&S 
biopharmaceutical toolkit represents a 
substantial shift from “trial and error” to 
rational models for the prediction of drug 
bioperformance. The decisive advantage of 
PB simulation tools is that they provide 
mechanistic interpretation of the complex 
interplay between drug physicochemical and 
PK properties, formulation factors, and 
human physiology characteristics on drug 
absorption and disposition. Furthermore, in 
silico tools require less investment in 
resources and time in comparison to in vivo 
studies, and thus they are becoming more 
widely explored by the competition-oriented 
pharmaceutical industry. 
However, certain issues regarding the 
predictive power of PB models still remain, 
mostly concerning the incomplete knowledge 
of human physiology (i.e., abundances of 
enzymes and transporters, information on 
physiology in different ethnic and disease 
groups) and relevant PK mechanisms. Lack of 
information on drug and dosage form 
properties required for the accurate prediction 
of drug PK profile, and/or lack of in vivo data 
for model verification are additional 
drawbacks of PB modeling. These 
sophisticated tools are complex and data 
intensive, hence a sound knowledge of the 

fundamentals underlying the PB models is 
essential for their appropriate use. 
 

FUTURE DIRECTIONS 

M&S have already become an integral part of 
drug development. Discovery of new 
knowledge on physiological processes and 
drugs biopharmaceutical properties will 
enable further refinement of PB models, 
leading to their wider acceptance as a 
predictive tool in pharmaceutical 
development. 
Regulatory authorities also support the use of 
in silico biopharmaceutical characterization 
tools to drive efficient product design, and 
facilitate regulatory review of simulation-
based submissions (5,6). Consequently, 
efforts have been focused on drafting 
adequate regulatory guidances. 
Future directions lead toward model-based 
systems that link PK models to 
pharmacodynamics models and genotype data 
for a particular patient, enabling the 
prediction of drug PK, efficacy and side 
effects in a specific patient, and thus serving 
as a platform for “personalized medicine”.  
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CLASSIFICATION 
OF QbD BASED 
MODELS: 
REGULATORY VS. 
ACADEMIC 
PERSPECTIVE 
 
J. Djuriš1*, Z. Djurić,  S. Ibrić 
 
1Department of Pharmaceutical Technology and 
Cosmetology, University of Belgrade – Faculty of 
Pharmacy, Vojvode Stepe 450, 11221 Belgrade, 
Serbia 

 

 
 
INTRODUCTION 

Quality by Design (QbD) principle enables 
systematic and proactive pharmaceutical 
development, based on scientific rationale 
and supported by the risk assessment. It starts 
from definition of the quality target product 
profile (QTPP) and is followed by 
determination of the product critical quality 
attributes (CQAs). Successful process design 
is further accomplished through identification 
of the critical process parameters (CPPs) and 
their potential interactions with critical 
materials attributes (CMAs). The outcomes of 
QbD approach in pharmaceutical 
development are: defined design space, 
proposed control strategy and recognized 
necessity for continuous improvement (1).  
 
THE ROLE OF MODELING IN THE 
QbD CONTEXT 

Models are representation of different 
physical and/or chemical phenomena. They 
can be mechanistic, e.g. exact thermodynamic 
solutions, or are based on computational fluid 
dynamics (CFD), discrete or finite element 
methods (DEM, FEM), etc. More frequently, 
empirical models are used to identify 
relationships between independent (predictor) 

and dependent variables (outcomes). These 
models, in the context of the QbD based 
pharmaceutical development and production, 
are usually built for multivariate analysis, 
such as chemometric and other multivariate 
(latent variable) models; followed by 
numerous examples of regression models. 
Empirical modeling also encompasses 
application of the artificial neural networks 
and other machine learning methods, 
probability based models, in vitro – in vivo 
correlations (IVIVC), etc. Process design may 
also include semi-empirical, i.e. hybrid 
models for property estimation and 
determination of scale-up parameters (2). 
Modeling allows for reduction in the number 
of performed experiments and facilitates in-
process controls. During the first stages of the 
product design and development, various 
models for optimization of formulations may 
be used, as well as IVIVC models. Process 
design may require mechanistic and/or 
empirical models for definition of the design 
space, further supported by the scale-up 
models for transfer of processing parameters 
from the laboratory/pilot to commercial scale. 
Multivariate process design also entails 
chemometric models and surrogate 
multivariate models supporting real time 
release testing (RTRT). Once the proper 
control over the process is established, 
multivariate statistical process control based 
models enable continuous process 
improvement (2). 
 
REGULATORY PERSPECTIVE ON 
MODELS IN QbD SUBMISSIONS 

Application of models in the pharmaceutical 
industry leads to enhancement in the product 
and process understanding, which is crucial 
for the successful quality risk management. 
Furthermore, improvements in the 
productivity and product quality are feasible 
through application of various modeling 
techniques.  
According to the regulatory guidelines (3), 
models used in the QbD based submissions 
can be categorized as high, medium and low 
impact models. If predictions from the model 
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are the only indicator of the product quality 
(e.g. chemometric model for assay), then the 
model is considered to be of high impact. 
Medium impact models are important for 
quality assurance but are not the sole 
indicators of quality (e.g. design space 
models). Formulation optimization models 
and different process development tools are 
considered to be of low impact. Additional 
categorization of models (2) is based on their 
intended outcome, due to the fact that the 
QbD models can be used to support product 
and process design, for analytical procedures 
or for process monitoring and control. Within 
each of these categories models can be further 
classified according to their impact to the 
product quality (3). The level of detail which 
is required for models in the QbD based 
submission depends on the model impact. 
Medium and high impact models may require 
detailed information regarding model 
assumptions, appropriateness of the sample 
size, data pretreatment, justification of 
variable selection, summary (tabular and/or 
graphical) of model inputs and outputs, model 
equations, statistical data analysis, 
justification of the rationale for model 
acceptance criteria, internal and external 
model verification and suggested approaches 
for model maintenance and update (2,3). 
Model maintenance and documentation needs 
to be incorporated in the specific quality 
management system of the pharmaceutical 
company. Special attention needs to be paid 
in the case of models being part of the control 
strategy, e.g. RTRT models. Modeling in the 
QbD context has also significant role for 
scale-up and post-approval change control 
(4).  
 
EXAMPLES OF APPLICATIONS OF 
QbD BASED MODELS 

Different approaches to modeling in the QbD 
environment have been published in the 
literature, ranging from the empirical models 
and classical design of experiments (DoE) to 
mechanistically founded models (2,6). There 
are numerous examples of modeling 
applications in oral solid dosage form 

development and manufacturing (4,5). 
Furthermore, challenges and opportunities in 
the modeling of pharmaceutical 
manufacturing processes were also discussed 
(5,6). Specific issues are recognized for 
potential application of QbD based models in 
the development of biotechnology-derived 
products (7).  
 
CONCLUSIONS 

This work discusses different aspects of 
modeling in the context of QbD, including 
selection of the appropriate model, limits of 
models assumptions, data collection, model 
validation, etc. Various modeling techniques 
used in the QbD environment are presented, 
with illustrative examples from the 
pharmaceutical development and production. 
Regulatory considerations for QbD based 
submissions are highlighted, with emphasis to 
specific requirements for modeling 
techniques. 
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INTRODUCTION 

Current developments in the research 
landscape of nanomedicines brought the 
attention to the fact that, as an already well-
established area of clinical practice, 
nanomedicines now face also some relevant 
questions previously also addressed by new 
chemical entities and biologicals. Advances 
brought by nanomedicines in oncology and 
infectious diseases are now expanding both 
within these clinical areas and also looking at 
their use to previously unmet clinical needs. 
The advances in clinical research and clinical 
practice associated to 5 decades of basic 
research and the last 30 years of clinical 
practice with nanomedicines will certainly 
allow for significant improvements in the 
next phase.This will be sustained by both 
solid basic research and an increased amount 
of clinical data compiled across different 
technologies and therapeutic areas. New 
developments are allowing the introduction of 
both personalized medicine and combination 

therapy as drivers for innovation in clinical 
practice with nanomedicines. 
The innovation in materials science has to 
meet the challenges of clinical standards 
already established for already approved 
medicinal products.Dozens of nanomedicines 
went through the challenge of regulatory 
approval for both clinical experiences (under 
clinical trials) but also for marketing 
authorization and routine clinical use having 
to face the need to demonstrate both safety 
and efficacy but also compliance and 
effectiveness in routine clinical use. 
Meanwhile the need for adequate 
standardization and characterization has 
moved the US to a specific platform initiative 
(NCL within NCI) in a moment where Europe 
is still looking for a more integrated way to 
address it, suffering the impact of both 
fragmented agendas and lack of coherent 
transcontinental integration. 
New challenges arising from current debate 
within Regulatory Science will have to be met 
by better integration between advances in 
materials science and translational issues like 
validation of adequate models (i.e. preclinical 
human cells and tissues in appropriate setting 
to foster clinical translation and better 
outcomes within clinical phase). Targeting 
adequate disease stage and disease evolution 
conditions are at forefront of priorities trying 
to address appropriate personalized medicine 
issues.  
Nanomedicine is bringing converging 
sciences to healthcare through an adequate 
platform of technologies allowingnew 
horizons for better health care but also 
enabling innovation both in the design of 
clinical research and the clinical use of mostly 
needed innovative solutions to face unmet 
clinical needs. 
Regulatory framework in Europe and 
elsewhere is currently adjusting to new 
realities and incorporating the best scientific 
standards, in anticipation of the regulatory 
needs both to follow-on products, 
combination products and integrative 
platforms bringing together therapy and 
diagnostics. 
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WHY SMEDDS? 
Oral administration is the most accepted route 
of drug delivery for the chronic treatment of 
many diseases, however most newly 
discovered drugs are highly hydrophobic and 
therefore exhibit low aqueous solubility 
leading to poor oral bioavailability. 
Therefore, strategies for improving drug 
solubility represent a growing challenge in 
development of new medicines. Self 
(micro)(nano)emulsifying drug delivery 
systems (SMEDDS, SNEDDS and SEDDS, 
respectively) as a part of lipid based 
formulations are a vital tool in solving low 
bioavailability issues. 
1.One of their most important advantages is 
spontaneous emulsification and formation of 
course-, micro- or nanoemulsions under 
gentle agitation provided by the digestive 
motility of the GIT following dilution by 
aqueous phase. 
2. SMEDDS are isotropic mixture of oil(s), 
surfactant(s), co-surfactant and drug(s). 
Conventional SMEDDS are liquid dosage 
forms, usually filled into soft or hard gelatine 
capsules, and are not recognised as optimal 
carriers (composition and stability issues, 
complex manufacturing methods, etc.). In 
order to combine the advantages of classic 

liquid SMEDDS (enhanced drug solubility 
and bioavailability) with those of solid dosage 
forms (low production costs, convenience of 
process control, high stability and 
reproducibility and improved patient 
compliance) great effort has been put into 
formulation attempts to transform them into 
powders, granules or pellets for dry- filled 
capsules or (mini)tablets preparation. Spray 
drying, spray cooling, adsorption to solid 
carrier, melt extrusion and 
microencapsulation were reported to be 
suitable SMEDDS solidification techniques 
(1-3). 
 

FORMULATION OF LIQUID SMEDDS 

Formulation of SMEDDS commonly starts 
with excipients selection according to their 
safety, drug solubilisation capacity, stability 
and application. Initial selection of promising 
excipients is then followed by construction of 
phase diagrams to identify suitable mixing 
ratios for homogeneous formulations. Once 
candidate formulations are proposed the 
internal structure of unloaded and drug loaded 
microemulsions, formed on dilution of 
SMEDDS with aqueous phase, is determined. 
Since characterization of microstructure is 
difficult, combined use of several 
complementary experimental techniques 
(measurements of electric conductivity, 
viscosity, surface tension, density, SAXS) 
was demanded (4). 
An example of formulation approach and 
demonstrated benefits are mixed lipid mixed 
surfactant SMEDDS developed to exploit 
health benefits of resveratrol, BCS Class 2 
natural polyphenol, which is subjected to 
extensive intestinal pre- systemic metabolism. 
The formulation allowed for high resveratrol 
loading, excellent self-emulsifying properties 
and very rapid drug release. When formulated 
in SMEDDS, intestinal pre-systemic 
metabolism of resveratrol and metabolite 
efflux considerably declined. The formulation 
and its individual components did not 
compromise in vitro cell vitality and integrity. 
So, developed resveratrol loading SMEDDS 
is a perspective formulation to improve 
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biopharmaceutical, pharmacokinetic and 
toxicological properties, leading the way to 
resveratrol use not only as a supplement but 
also as a pharmacological drug (6). 
 

SOLIDIFICATION APPROACHES 

Microencapsulation 
Microcapsules containing self 
microemulsifying core loaded with 
ketoprofen (6), celecoxib (7) and furosemide 
(8) were prepared by vibrating nozzle 
method. Self microemulsifying core was 
optimized regarding drug loading capacity 
and encapsulation efficiency and evaluated 
for its impact on furosemide permeability 
through rat small intestine and Caco 2 cell 
monolayers (8). Retention of the core phase 
was considerably improved by optimizing 
SMEDDS core, microcapsules drying process 
and particularly shell phase (9). 

 
Fig. 1: Morphological properties of solid SMEDDS prepared 
by spray drying and dissolution profile of naproxen loaded 
liquid and solid SMEDDS in comparison with SMEDDStablets, 
minitablets and pure naproxen. 

 
Spray drying 
SMEDDS were tested also for enhancing the 
solubility of nonsteroidal anti- inflammatory 
drug naproxen (BSC Class 2). Liquid 
SMEDDS based on Gelucire 44/14 surfactant 

were developed and then solidified using 
spray drying (10).  
During its optimisation the influence of 
process parameters were evaluated by using a 
three factor two level full factorial design 
(DoE). Further, drug concentration and type 
of solid carrier influenced the self 
microemulsifycation and morphological 
properties of solid SMEDDS. Finally tablets 
and minitablets were prepared from 
SMEDDS powder (Fig. 1) (11). 
 

CONCLUSIONS 

SMEDDS provide an attractive option to 
ensure successful oral delivery of drugs with 
poor biopharmaceutical properties. Nowadays 
the great steps are being made to provide the 
controlled and robust process of transforming 
liquid SMEDDS to solid dosage forms that 
will undoubtedly contribute to their 
technological competitiveness. 
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INSIGHT IN 
REGULATIONS AND 
MANUFACTURING 
OF BIOLOGICS, 
INCLUDING 
BIOSIMILARS 
 
C. Kuhn*, N. Miletic 
 
F. Hoffmann-La Roche, Ltd., Grenzacherstrasse 
124, CH-4070 Basel, Switzerland 

 

 
INTRODUCTION 

Biologics are medicinal products derived 
from living organisms that have needed 
specific regulations. The main Regulatory 
Agencies (e.g. FDA, EMA) have identified 
this need early, and have developed 
guidelines that are addressing quality, 
clinical, and non-clinical aspects. The 
development and the manufacture of these 
medicinal products is more complex as 
chemical synthesis medicinal products, 
therefore with the era coming of copy of these 
biologics, the Agencies have started to 
develop also new regulations specific to the 
similar biological medicinal products, also 
called  “biosimilars”.  
 
MATERIALS AND METHODS 

This work is presenting a summary and 
comparison of guidelines for similar 
medicinal products of the European Medicine 
Agency (EMA), Food and Drug 
Administration (FDA) and World Health 
Organization (WHO). 
Manufacturing aspects are presented, based 
on in-house experiences as well supported by 
publications (e.g. Chirino & Mire-Sluis, 
2004; Schiestl et al., 2011). 

 

 

 

RESULTS AND DISCUSSION 

Regulatory side 
Despite the 3 Agencies have a common 
understating of biosimilarity there are some 
differences in their guidelines as listed in 
Table 1 
 
Table 1 

 WHO EMA FDA

Biosimilarity 

SIMILARITY IS 
DEMONSTRATED BY STEP-

WISE APPROACH  
(QUALITY, SAFETY AND 

EFFICACY) 

Clinical Study 
Design 

EQUIVALENCE STUDY 
RECOMMENDED  

(OR NON-INFERIORITY IF 
JUSTIFIED) 

Extrapolation 

NOT AUTOMATIC, BUT 
POSSIBLE IF 

SCIENTIFICALLY 
JUSTIFIED 

Product specifics 
guidelines 

NO (REFER 
TO EMA) 

YES NO 

Interchangeability NO NO YES 

 

MANUFACTURING SIDE 

The development of a biological medicinal 
product is a long process with many steps. All 
starts on the lab bench with the selection of 
the target gene, preparation of an expression 
vector, cell transfection followed by the 
unique cell clone. This unique chosen clone 
would be expand and used for the production 
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of a biological medicinal product during all 
the life cycle. The manufacturing process is 
critical and little change can have an impact 
on the final product. 
 

CONCLUSIONS 

The manufacturing process and the master 
cell line of a specific originator product are 
the propriety of the Industry that has 
developed it. Despite using the same genetic 
sequence, a biosimilar company would not 
have the same cell line and would produce a 
similar or highly similar biological medicinal 
product, but the final product will never be 
identical. 
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BRAIN BARRIER 
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PERMEABILITY 
ASSAY AND 
QUANTITATIVE-
STRUCTURE 
PERMEABILITY 
RELATIONSHIP 
MODELING  

 
K. Nikolic*, J. Vucicevic, M. Popovic,        
S. Filipic, D. Obradovic, V. Dobričić,         
D. Agbaba,  
 
Department of Pharmaceutical Chemistry, Faculty 
of Pharmacy, University of Belgrade, Vojvode 
Stepe 450, PO Box 146,11000 Belgrade, Serbia 
e-mail: knikolic@pharmacy.bg.ac.rs 
 
 
INTRODUCTION 
Imidazoline receptor ligands are a numerous 
family of biologically active compounds 
known to produce central hypotensive effect 
by interaction with both α2-adrenoreceptors 
(α2-AR) and imidazoline receptors (IRs) (1, 
2).  
The main aims of this study were to evaluate 
Blood-Brain Barrier (BBB) permeability (Pe) 
of 18 IRs/α-ARs ligands and 22 Central 
Nervous System (CNS) drugs using Parallel 
Artificial Membrane Permeability Assay 
(PAMPA) and Biopartitioning Micellar 
Chromatography (BMC), and than to develop 
the Quantitative-Structure-Permeability 
Relationship (QSPR) models useful for 
prediction BBB permeability of related IRs/α-
ARs ligands. 

MATERIALS AND METHODS 

Effective permeability of 40 compounds (18 
IRs/α-ARs ligands and 22 CNS drugs) was 
examined using PAMPA-BBB model based 
on porcine brain lipid extract, which was 
based on the BBB model described in 
literature (3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Chemical structures of selected IRs/α-ARs ligands.  

 
The retention factors (logkBMC) of the ligands 
were also examined using BMC systems.  
BMC analyses were performed on a Zorbax 
Extend-C18 column (150 mm × 4.6 mm, 
particle size 5 μm), with a flow rate of 1 
ml/min, temperature of 36.5 °C, and detection 
wavelength on 210 nm. Micellar mobile 
phase was prepared by dissolving 
polyoxyethylene (23) lauryl ether Brij 35 in 
buffered solution at pH 7.40 to get a final 
surfactant concentration of 0.04 M (4).  
Obtained logkBMC retention factors were 
correlated with PAMPA permeability 
coefficients (Pe). 
The geometry of dominant species at pH=7.4 
have been performed using B3LYP/6–31G(d, 
p) basis set included  in ChemBio3D Ultra 
13.0 program (CambridgeSoft Corporation, 
2013). Molecular parameters of optimized 
models were calculated using ChemBio3D 
Ultra 13.0, Dragon 6.0 (Talete srl, 2010) and 
ADMET Predictor 6.5 (Simulations Plus, 
Inc., 2013) programs. 
The QSPR studies were applied to examine 
the correlations between effective BBB 
permeability (logPe) and logkBMC retention 
factors of the examined ligands and their 
calculated constitutional, physicochemical, 
electronic, and geometrical descriptors by use 
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of the Partial Least Square (PLS), stepwise 
Multiple Regression (MLR), and Artificial 
Neural Networks (ANN) statistical methods. 
 

RESULTS AND DISCUSSION 

PAMPA-BBB method was used to assess 
effective permeability (Pe) of examined 
compounds, as parameter of the rate of blood 
brain permeation process. 
The comparison of the optimal linear 
(MLR/QSPR-Model-3(logPe) and PLS/MLR-
Model-3(logPe)) and non-linear 
(ANN/QSPR-Model-3(logPe)) methods 
showed the superiority of the ANN over PLS 
and stepwise MLR models. Even though 
MLR/QSPR-Model-3(logPe) and PLS/QSPR-
Model-3(logPe)  showed good predictive 
power, ANN/QSPR-Model-3(logPe) was 
chosen as optimal due to highest prognostic 
capabilities for external data set (R2

pred= 
0.770) (Figure 2). This means that relation 
between selected descriptors 
(P_VSA_LogP_4, HBDnch, MATS7e, 
Mor11s and Mor16m) and permeability 
(logPe) is not absolutely linear and there are 
some non-linear relationships in the system 
which may be modelled better with the ANN 
function. Analyzing descriptors in these 
QSPR(logPe) models, most significant 
molecular properties that influence BBB 
permeability were identified. 

 
Fig. 2: Observed vs. predicted values in selected ANN/QSPR-
Model-3 

 
Significant correlations were obtained 
between logarithm of BMC-retention factor 
(logkBMC) and effective permeability (Pe) (r = 
0.83). 
The comparison of statistical parameters of 
PLS/QSPR-logkBMC, MLR/QSPR-logkBMC 

and ANN/QSPR-logkBMC indicates that 
PLS/QSPR-logkBMC and MLR/QSPR-
logkBMC were superior over ANN/QSPR- 
logkBMC model. The P_VSA_s_5, VE1_RG, 
P_VSA_p_2 and GATS1e parameters were 
selected descriptors with the most significant 
influence on logkBMC, indicating on possible 
structural modifications which could enhance 
BBB penetration of related IRs/α-ARs 
ligands. 
 

CONCLUSIONS 
Based on the impact of descriptors in optimal 
ANN/QSPR-Model-3(logPe) was concluded 
that increase in van der Waals surface area 
(VSA) of certain atoms (bromine), presence 
of functional group that are characterized by 
high Sum of Estimated NPA Partial Atomic 
Charges on Nitrogen (guanidine, 
aminoguanidine) as well as presence of 
groups such as methyl or isobutyl have a 
negative influence on BBB permeability of α-
AR/IR ligands and related compounds. On the 
other hand, presence of highly electronegative 
atoms located in aromatic moiety has a 
positive influence on BBB penetration. 
Structural diversity of the examined drugs 
provide wide application domain of the QSPR 
models, which can be used as fast screening 
models for assessment of brain penetration of 
related IRs/α-ARs ligands. 
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INTRODUCTION 

Nasal formulations provide the opportunity 
for novel indications and may offer a solution 
for delivery challenges. The explanation lies 
in the characteristics of the nasal epithelium, 
including its high permeability, wide 
absorption area, and its porous and thin 
endothelial basement membrane. Besides the 
local effect, intranasal administration is a 
potential way of delivering drugs into the 
systemic circulation or into the CNS as 
alternative routes for some therapeutic agents 
(1). The preparation of nasal formulations 
require innovative technologies and the 
application of various additives (e.g. 
mucoadhesive agents, permeability 
enhancers). 
Size reduction of drug particles increases the 
specific surface area, which in turn improves 
solubility, dissolution rate and the 
bioavailability of drugs according to the 
Noyes–Whitney equation (2). Conventional 
particle size reduction methods have 
limitations in some cases, which could be 
overcome by novel milling techniques. 
Combining the methods of planetary ball and 

pearl milling according to the 
recommendation of Retsch GmbH is a new 
approach in the field of pharmaceutical 
technology (3). 
The aim of the current study was to 
optimalize a novel combined wet milling 
technique in order to prepare pre-dispersions 
containing micro- and nanonized particles 
suitable for further development of nasal 
formulations. 
 
MATERIALS AND METHODS 
 

Materials 
Meloxicam (MEL) [4-hydroxy-2-methyl-N-
(5-methyl-2-thiazolyl)-2H-benzothiazine-3-
carboxamide-1,1-dioxide] was obtained from 
EGIS Ltd. (Budapest, Hungary). The milling 
additive poly(vinyl alcohol) 4-98 (PVA) 
(Mw ~ 27,000) was donated by Gedeon 
Richter Plc. (Budapest, Hungary). 
 
Investigation of the parameters affecting 
particle size reduction 
A combined wet milling technique (the 
combination of planetary ball and pearl 
milling) was employed. Suspensions 
containing MEL were wet-milled in a 
planetary ball mill (Retsch PM 100 MA, 
Retsch GmbH, Germany) using 0.3 mm ZrO2 
beads as milling balls. 10, 20, 50 and 150 g of 
beads were utilized and a control process was 
carried out without pearls. Suspension 
sampling was done at milling times of 10, 20, 
30, 40, 50, 60, 70, 80 min and at 90 min (end-
of-milling) to perform particle size analyses. 
 
Investigation methods 
Particle size distribution was measured by 
laser diffraction. For the morphology analysis 
of the dried product SEM was used. The 
structural characterization was carried out by 
DSC and XRPD. Crystallinity of MEL in 
dried samples was determined semi-
quantitatively based on the mean decrease of 
the total area under curve of 2 characteristic 
peaks. 
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RESULTS AND DISCUSSION 

MEL particle size was determined directly 
from the milled pre-dispersions. Depending 
on the milling time, the particle size of the 
drug could be reduced either to the micro- 
(10 min, D50 = 1.625 µm) or the nanometre 
(50 min, D50 = 0.126 µm) range. Increasing 
pearl weight above 20 g did not improve the 
efficiency of milling. Using a higher 
concentration (2.5%) of PVA was required to 
prevent the aggregation of MEL particles 
(Table 1). 
 
Tab. 1: Particle-size distribution of MEL on milling with                    
20 g of pearls and different PVA contents 

Milling 
time 
(min) 

0.5% PVA 2.5% PVA 

 D10 
(µm) 

D50 
(µm) 

D90 
(µm) 

D10 
(µm) 

D50 
(µm) 

D90 
(µm) 

0 11.40 34.26 73.59 11.40 34.26 73.59 

10 0.096 1.373 4.515 0.115 1.625 5.669 

20 0.179 2.907 364.936 0.070 0.151 1.951 

30 0.156 2.996 405.118 0.068 0.140 1.223 

40 0.114 2.390 160.385 0.070 0.135 0.729 

50 1.156 3.109 251.947 0.072 0.126 0.271 

60 1.388 2.380 4.262 0.069 0.129 0.295 

70 0.731 3.198 369.449 0.070 0.131 0.292 

80 0.145 3.116 1472.283 0.068 0.127 0.288 

90 1.795 135.325 336.672 0.068 0.126 0.277 

 
Characterization of the dried product 
Scanning electron microscopy (SEM) 
provided an insight into the morphology of 
the modified particles. The micronized MEL 
particles were found to consist of aggregates 
of nanosized particles. The nanonized MEL 
crystals exhibited a regular shape and a 
smooth surface. 
Thermoanalytical (DSC) examination 
revealed broad endothermic peaks of MEL at 
239.81 ºC (10 min) and at 240.08 ºC 
(50 min), indicating that the crystallinity of 
the drug had decreased. 
X-ray powder diffraction (XRPD) 
examination demonstrated the crystalline 
structure of raw MEL. Upon examining a 
physical mixture of MEL and PVA, the 
intensities of characteristic peaks decreased. 
Milling induced a decrease in crystallinity. 
After 10 min of milling  ~33% of the drug 

was detected to remain crystalline, and this 
ratio did not change subsequently (Figure 1). 

Fig. 1: XRPD patterns of raw MEL, MEL-PVA PM, and of MEL 
from dried pre-dispersions 
 

CONCLUSIONS 

A combination of planetary ball and pearl 
milling was investigated using MEL model 
active agent. Depending on the milling time, 
the particle size of the drug could be reduced 
to the micro- or nanometre range. Increasing 
pearl weight above 20 g did not improve the 
efficiency of milling. Using a higher 
concentration of PVA was required to prevent 
the aggregation of MEL particles. SEM 
images revealed the aggregation of nano-
sized particles, forming micronized MEL. 
The nanonized MEL crystals exhibited a 
regular shape and a smooth surface. XRPD 
and DSC examinations revealed a change in 
the crystallinity of MEL. This combined 
technique is applicable for the production of 
intermediates (in a pre-dispersion form) and 
dried products (after drying) suitable for 
pharmaceutical drug formulations. It is also 
recommended for the development of particle 
size-controlled intranasal therapeutic systems. 
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INTRODUCTION 

Quality by Design (QbD) is a concept 
introduced by Dr. Joseph M. Juran, 
emphasizing the design of quality into 
products and services (1). This QbD approach 
is a risk and knowledge based holistic and 
systematic way of pharmaceutical 
developments as well (2), and it is highly 
recommended by the regulatory authorities. 
The elements of the QbD methodology are 
described in the ICH Q8 (R2) international 
guideline dedicated for the industry (3) (Fig 
1). 
 
 
 
 
 
 
 
 
 

 
Fig. 1. General steps of the QbD approach in the ICH Q8(R2) 
guideline (CQAs, Critical Quality Attributes, QTPPs, Quality 
Target Product Profile) 

 
 

MATERIALS AND METHODS 

 
The QbD flow chart according to the relevant 
ICH guideline was evaluated and tested 
through different dosage form design 
processes (4, 5) and a modified ObD model is 
proposed to be used in the early development 
phase. 
  
RESULTS AND DISCUSSION 

 
The suggested modifications within and 
between the original flow chart steps and 
levels are illustrated as A - D points in Fig.2. 
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Fig. 2. Model proposal for QbD flow chart adopted for R&D 
stage 

A: “preformulation study design” 

Fig.3. Interrelations and decisions in the 0. phase   
 

B: “Needs and requirements” 

Fig. 4. Implementation of stakeholders’ excpectation 

C: “Knowledge space development”  

Fig. 5. Quality management tools: e.g. Ishikawa diagram (C/1) 
and decision tree (C/2) in primary knowledge space development 
 

CONCLUSIONS 

Based on our research experiences in case of 
topically, nasally and pulmonary administered 
different dosage forms, the “early 
development QbD” was found to be a useful 
tool – set to formulate products for quicker 
transfer to manufacturing and sale.   
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INTRODUCTION 
The aim of our study was to attempt to 
introduce the concept of quality by design and 
safety by design in the development of 
biodegradable self-assembly nanoparticles 
(NPs) as carriers of extremely hydrophobic 

anticancer drug SN-38. Beside the 
development and optimization of several 
formulation properties, we employed battery 
of assays in order to study NP interactions 
with the biological environment in an in vitro 
and in vivo setup. 

MATERIALS AND METHODS 

Materials 
PLGA-PEG-PLGA triblock copolymers 
(DLLA:GA=1:1, Mw~70:8:70kDa and 
DLLA:GA=7:3, Mw~6:10:6kDa) were 
purchased from Akina Inc, USA. 7- Ethyl-10-
hydroxy camptothecin (SN-38) was obtained 
from Xi‘An Guanyu Bio-tech Co., China. 
Lutrol®F127 was kindly donated by BASF, 
Germany. Bovine serum albumin (BSA) was 
acquired from Sigma Aldrich, USA.99mТс 
was eluted from 99mMo/99mТс generator (Cis 
Bio International, France). All other 
chemicals were of analytical grade and were 
used as received. 

Methods 

Experimental design and nanoparticle 
preparation 
D-optimal designs, nanoprecipitation and two 
types of copolymers PLGA-PEG-PLGA 
(DLLA:GA=1:1, Mw~70:8:70kDa and 
DLLA:GA=7:3, Mw~6:10:6kDa) were used 
for optimization of polymer/drug/ 
Lutrol®F127 concentration ratio in order to 
maximize the drug loading and provide 
appropriate particle size for passive targeting. 

Physico-chemical characterization of NPs 
Particle size, size distribution and zeta 
potential of the NPs were measured using 
DLS. HPLC method was used for 
quantification of encapsulated SN-38. 
Morphological analysis of NPs was 
performed using Tecnai G2 T20 S-Twin 200 
kV TEM. 

Protein corona analysis 
Bradford protein assay was used for 
quantitative analysis of BSA adsorption. 
Spectroscopic characterization of NP-BSA 
interactions was carried out using FTIR. 
Semi-quantitative analysis of adsorbed 
proteins was performed using SDS PAGE at 
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several time points after NP incubation with 
50% human plasma.  

SW480 cell culture studies 
Internalization of fluorescently labeled NPs 
was quantified using flow cytometry.  
In vitro cytotoxicity studies were performed 
with blank NPs dispersed in cell culture 
medium using MTT assay. 
Gene expression assay was conducted by 
qPCR on UBD, RGCC, FGF3 and HIST 
genes. 

Biodistribution studies  
Direct 99mTc radiolabeling of NPs was 
performed using sodium dithionite as a 
reducing agent(1). Biodistribution and blood 
circulation time was evaluated in healthy 
Wistar rats using SPECT imaging and gamma 
counting. 

RESULTS AND DISCUSSION 
It was confirmed that the core composition, 
SN-38 concentration and the amount of 
surfactant affects the drug loading and 
particle size. Two optimal formulations were 
selected (NP1 – high Mw polymer, NP2-low 
Mw polymer) for further studies. Maximum 
drug content in the optimized formulations 
was around 6% while the particle size was in 
the range of 70-100 nm. Zeta potential 
measurements have shown that NP1 is 
slightly more negatively charged compared to 
NP2, most probably because of its higher 
PLGA/PEO ratio and shorter PEO loops. 
TEM images pointed to spherical shape of 
the NP formulations. 
Quantitative BSA adsorption assay 
demonstrated lower affinity of NP2 towards 
BSA compared to NP1, probably due to the 
differences in the PEO density and chain 
length at the NP surface. The Amide I 
derivation has shown that the secondary 
structure of BSA was preserved for more 
hydrophobic nanoparticles (NP1) pointing to 
the presence of strong hydrophobic 
interactions between BSA and NP core. 
Plasma protein adsorption studies have 
shown that initially, most abundant plasma 
proteins were adsorbed on both types of NPs 
and in the later stage they were replaced by 

proteins with higher binding affinity towards 
NP surfaces. 
Cytotoxicity studies revealed the significant 
effect of the presence of serum proteins in the 
culture medium upon the growth rate of SW-
480 cells. Also, the internalization was 
significantly decreased for NP2 in the 
presence of proteins (FBS). 
Increased expression of UBD and RGCC 
genes and decreased expression of FGF3 and 
HIST genes for both formulations was 
observed, which corresponds to the pattern of 
pharmacological activity of SN-38. 
Plasma profile curves and biodistribution 
studies pointed to evident differences in the 
circulation time among the evaluated 
formulations (Figure 1).  
 

A  B  
 
Fig. 1: SPECT/CT full-body scans of the animals A) 1h NP1 and 
B) 1h NP2 
 

CONCLUSIONS 

Differences in physico-chemical properties 
induced formation of protein corona with 
different composition which further affected 
biological behavior; cytotoxicity, 
internalization and biodistribution of the 
prepared polymeric NPs. 
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INTRODUCTION 

Carbopol polymers have been used in various 
oral drug delivery systems, to provide 
controlled drug release, mucoadhesion or 
other benefits. Their crosslinked, high 
molecular weight, anionic chemistry 
(crosslinked polyacrylic acid) imparts specific 
functionality and their properties and 
applications have evolved to address the 
needs for: 
• Better toxicological and safety profile 
• Efficiency and flexibility in formulation 
• Processing versatility 
These aspects have been reviewed for the 
Carbopol 71G NF, 971P NF and 974P NF 
polymers, which are recommended for use in 
oral drug delivery system. 
 
MATERIALS AND METHODS 

Carbopol 71G NF, 971P NF and 974P NF 
polymers have been evaluated for: 
• Composition profile and pharmacopeial 

specifications, as per the following 
monographs - European Pharmacopeia1 
Carbomers, United States Pharmacopeia - 
National Formulary2 Carbomer 
Homopolymer, and the general chapters. 

• Performance in controlled release tablets in 
comparison or in combination with other 
hydrophilic matrix former excipients. 

RESULTS AND DISCUSSION 

Composition profile and specifications 
Carbopol 71G NF, 971P NF and 974P NF 
polymers are manufactured using ethyl 
acetate as the polymerization solvent, which 
is a Ph. Eur./USP/ICH Class III solvent with 
Generally Recognized as Safe (GRAS) status. 
No other residual solvents as listed in 
USP/NF <467> (Class 1, 2, 3, Table 4 or any 
other solvents) or Ph. Eur. 2.4.24 are used in 
the manufacturing of these products. The 
residual ethyl acetate level in the polymers 
has been determined to be well below the 
pharmacopeial monograph limit (0.5%), the 
average being less than 60% of the limit. 
The products’ specification for acrylic acid 
(0.1%) is significantly lower than the 
pharmacopeial limit (0.25%). Furthermore, 
process capability indicated that the average 
for all products was below 0.06%. 
So Carbopol 71G NF, 971P NF and 974P NF 
polymers met all pharmacopeial requirements 
and the levels of residual solvents and 
monomers were well below the levels 
required by the compendia. 

Controlled release properties 
Carbopol polymers are highly efficient 
matrix-forming excipients. The polymers are 
not soluble, but swellable in aqueous media, 
forming a hydrated matrix layer (hydrogel). 
Due to the crosslinked nature, the hydrogel is 
not comprised of single entangled chains of 
polymers (as is the case with linear cellulosic 
polymers), but is comprised of discrete 
microgels made up of many polymer particles 
in which the drug is dispersed 
As a result, a hydrogel matrix is formed at 
much lower concentration (typical use levels 
are 5–30%) than in the case of linear 
polymers, thus providing slower dissolution 
and enabling smaller tablet size. Guaifenesin 
release from wet granulated tablets with 10% 
polymer was slower for Carbopol 971P NF 
polymer than hypromellose K4M - Fig 1. 
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Fig. 1: Guaifenesin release (USP apparatus 2, 50 rpm, pH=6.8 
buffer) from wet granulated tablets (100 mg) with 10% polymer 

 
Lightly crosslinked Carbopol polymers (971P 
NF) tend to be more efficient in controlling 
drug release than highly crosslinked Carbopol 
polymers (974P NF). Intermediate drug 
release can be achieved by combining 
Carbopol 971P NF and 974P NF polymers, as 
seen in Fig. 2. 
 

 
 
Fig. 2: Effect of crosslinking level - Ketoprofen release (USP 
apparatus 2, 50 rpm, pH=6.8 buffer) from wet granulated tablets 
(200 mg) 

 
Varying the Carbopol polymer level in the 
formulation is an effective tool to achieve 
flexibility in formulation. The drug release 
profile from a Carbopol polymer matrix can 
be modulated by changing the polymer level, 
as seen in the case of guaifenesin tablets (Fig. 
3) prepared by wet granulation with 
increasing amounts of Carbopol 971P NF 
polymer (5% to 20%). 
 
 

 
 
Fig. 3: Effect of use level - Guaifenesin release (USP apparatus 2, 
50 rpm, 0.1N HCl) from wet granulated tablets (600 mg) 

 
Flexibility in formulation may also be 
achieved by using polymeric combinations 
and varying the ratio and/or the total amount 
of the controlled release excipients. The 
synergistic interaction observed in some 
formulations containing Carbopol polymers 
and hypromellose, enables lower total 
polymer level and modulation of the 
dissolution profile - Fig. 1. The synergistic 
interpolymer interaction by chain 
entanglements between hypromellose and 
swollen microgels of Carbopol polymer 
resulted in a more cohesive network, more 
resistant to diffusion and erosion. 
Availability of powder grades of Carbopol 
polymer (971P NF and 974P NF) and 
granular Carbopol 71G NF allows integration 
of direct compression and granulation 
processes and processing versatility. 
 

CONCLUSIONS 

Carbopol polymers have significantly low 
residual levels of solvents and monomers 
relative to pharmacopeial monograph 
requirements (Eur.Ph. and USP-NF) and 
provided efficiency and flexibility in 
designing oral drug delivery systems. 
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INTRODUCTION 

In the pharmaceutical practice, there is a long 
standing tradition of utilization of plant and 
algal polysaccharides as active principles in 
plant based medicines or as excipients for 
controlled or site-specific release of drugs. 
Natural polysaccharides of different origin 
were mostly used as emulsifiers, stabilizers, 
binders, gelling agents, coagulants, lubricants, 
film formers, thickening and suspending 
agents in food and pharmaceutical 
formulations (1). Bacterial 
exopolysaccharides (EPS), on the other hand, 
were less exploited. This was mainly due to 
the difficulties in their production related to 
the viscosity of fermentation media, 
variations in the molecular weight and 
branching and generally lower yield. With 
advances in pharmaceutical biotechnology, 
chemical characterization, purification and 
extraction and improvement of the bioprocess 
control, industrial production of some 

bacterial polysaccharides (xanthan) reached 
millions of US dollars with increasing share 
in the EPS market (1). In this paper, recent 
advances and challenges in the production of 
bacterial polysaccharides will be addressed 
with special attention to newly isolated lactic 
acid bacteria (LAB) EPSs and their 
application in pharmacy (2).  
 
MATERIALS AND METHODS 

The chemical structure of mostly studied and 
exploited bacterial homo- and 
heteropolysaccharides was analysed, as well 
as their intracellular and extracellular 
biosynthetic pathways. In relation to the 
biosynthetic pathways, important 
fermentation parameters, substrates and 
strategies to intervene in chemical 
composition and properties of EPS by process 
optimisation and metabolic engineering were 
discussed. Challenges related to industrial 
scale-up of EPS production, in response to 
applications and desired purity, were 
addressed and newly isolated Lactobacillus 
sp. producing EPSs were reviewed.  
 
RESULTS AND DISCUSSION 

Chemical composition and variations in 
bacterial polysaccharides 
Bacterial polysaccharides are classified into 
homopolysaccharides and 
heteropolysaccharides according to the 
monosaccharide units they are consisted of. 
Also, heteropolysaccharides have anionic 
charge with acyl groups and galactose, 
rhamnose, mannose and glucuronic acid often 
present in the polymer backbone. Dextrans 
(used for plasma expanders), alginate (in 
scaffolds, grafts), hyaluronan (in cosmetics, 
wound healing) and xanthan, gellan and 
bacterial cellulose (used for controlled drug 
release, functionalized EPS 
micro/nanoparticles for increased 
hydrophobicity) are mostly exploited 
bacterial polysaccharides (3). 
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INTRODUCTION 

The lipid nanoparticles, namely 
Nanostructured Lipid Carriers (NLC), as drug 
delivery carriers have been investigated for 
several years [1]. One of the delivery routes 
for which these carriers can be applied is for 
buccal administration. However, liquid 
dispersions of lipid nanoparticles can be 
rapidly removed from oral cavity through 
saliva action. Thus, the development of a 
system that allows increased retention time on 
the mucosa is necessary. For this reason, 
becomes important the development of 
mucoadhesive preparations for buccal 
administration of lipid nanoparticles [2]. The 
hydrogels obtained with mucoadhesive 
polymers constitute a promising option. The 
aim of this work was to develop 
mucoadhesive buccal hydrogels with lipid 
nanoparticles, using ibuprofen as a model 
drug.  
 
 

MATERIALS AND METHODS 
 

Materials 
Miglyol® 812, Ibuprofen, glycerol, 
triethanolamine and Tween® 80 were 
purchased from Acofarma (Spain). Cetrimide 
was purchased from José M. Vaz Pereira 
(Portugal). Precirol® ATO 5 was supplied by 
Gattefossé (France).  Carbomer (Carbopol® 
980) and polycarbophil (Noveon® AA-1) 
were kindly supplied by Lubrizol® (USA).  
 

Methods 
To obtain the dispersions of NLC, after the 
melting of the lipid phase (80◦C), the aqueous 
phase heated at the same temperature was 
added to the former and homogenized under 
high-speed stirring, using an Ultra-Turrax® 
T25 (IKA, Germany), at 13500 rpm for 3 
minutes. Dispersions of NLC were obtained 
through this pre-emulsion by two different 
methods: (a) using a sonication probe 
(Ultrasonic processor Vibra cell®, Sonic & 
Materials, Newtown, USA) at 70% of 
amplitude for 10 min; or (b) using a high 
pressure homogenizer (HPH) (Stansted Fluid 
Power, UK), performing 3 cycles of 500 bar. 
Table 1 presents the composition of the 
obtained dispersions. 
 
Table 1 - Composition of placebo and ibuprofen-loaded NLC 
dispersions produced by sonication (NLCPS and NLCIS, 
respectively) and by HPH (NLCPH and NLCIH, respectively). 

 
The particle size (Z-ave), polydispersity index 
(PI) and zeta potential (ZP) were determined 
by dynamic light scattering (DLS) and 
electrophoretic mobility, respectively, using a 
particle size and ZP analyser (Brookhaven 
Instruments, Holtsville, NY, USA). The 

Formulation (%, w/w) 

Composition NLCPS NLCIS NLCPH NLCIH 

L
ip

id
 p

ha
se

 Precirol® 
ATO 5 

7.0 7.0 7.0 7.0 

Miglyol® 
812 

3.0 3.0 3.0 3.0 

Ibuprofen - 0.25 - 0.25 

A
qu

eo
us

 p
ha

se
 

Tween® 80 2.5 2.5 2.5 2.5 

Cetrimide 0.1 0.1 0.1 0.1 

Purified 
Water 

q.s.100 q.s.100 q.s.100 q.s.100 
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entrapment efficiency (EE) and loading 
capacity (LC) were indirectly determined, 
calculating the amount of free ibuprofen in 
the aqueous phase after separation by 
filtration/centrifugation at 3500 rpm for 60 
min (Centrifuge Eppendorf® 5804, Germany) 
[3]. The quantification of ibuprofen was 
performed by UV/Vis spectrophotometry at 
222 nm. The obtained dispersions of NLC 
containing ibuprofen were incorporated in 
two different hydrogels with 1.5% (w/w) of 
Carbopol® 980 or  Polycarbophil, by 
mechanical stirring (Unguator® Ruhrwerks, 
Germany). The obtained hydrogels with NLC 
as well as the blank-hydrogels were submitted 
to rheological characterization (viscometer 
Thermo Haake® VT 550, USA), texture 
properties (firmness and adhesiveness) 
analysis and evaluation of mucoadhesiveness 
by determining the adhesion force and the 
adhesion work (texturometer TA-XT2i; 
Stable MicroSystems, UK). 
 
RESULTS AND DISCUSSION 
 

From the analysis of table 2, it can be 
observed that it was possible to obtain 
nanoparticles by the two methods, with and 
without ibuprofen. The EE was very high, 
which results from the high solubility of the 
drug in the lipids used.  
 
Table 2 - Z-ave, PI, ZP (mean values ± SD, n = 3), EE and LC of 
NLC dispersions.  

 
The rheograms of all tested semisolid 
formulations revealed a pseudoplastic 
behaviour with yield stress. Therefore, these 
systems start flowing after achieving a yield 
value and, beyond this value, their viscosity 
decreases with increasing shear rate [4]. All 
hydrogels except the Carbopol® 980 gel with 
NLCs obtained by sonication, exhibited no 
thixotropy. An ideal semisolid formulation 

for buccal administration should have a 
combination of high adhesiveness and 
appropriate firmness [5]. Higher values of 
firmness were observed for gels containing 
Carbopol® 980 as gelling agent. Regarding 
adhesiveness, gels obtained with 
polycarbophil showed similar adhesiveness 
with that obtained with Carbopol® 980, with 
the exception of gels containing dispersion 
obtained by sonication, in which 
Carbopol®980 gels showed significant higher 
values.  Considering mucoadhesiveness, gels 
with Carbopol® 980 showed higher values of 
adhesion force and work.  These results 
suggest that Carbopol® 980 gels promote 
greater residence times in the mucosa. 

 
CONCLUSIONS 

The results obtained in the present work 
demonstrated that the developed NLC 
dispersions presented particles in the 
nanometric size range, with low PI values and 
efficient ability for the encapsulation of the 
model drug, ibuprofen. Moreover, the 
incorporation of NLC in hydrogels resulted in 
desirable rheological features that benefit the 
therapeutic efficacy of the formulation, by 
increasing the residence time and easiness for 
topical application in the buccal mucosa.  
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 Z-ave (nm) PI ZP (mv) 
EE  
(%) 

LC 
(%) 

NLCPS 130.7 ± 3.4 0.169 ± 0.018 1.6 ± 2.9 - - 

NLCIS 142.7 ± 3.4 0.160 ± 0.015 6.9 ± 3.2 96.18 2.35 

NLCPH 133.1 ± 1.2 0.195 ± 0.016 -5.4 ± 1.5 - - 

NLCIH 162.3 ± 4.1 0.170 ± 0.026 -8.5 ± 2.3 97.25 2.37 
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INTRODUCTION 

Drug dissolution and absorption are 
influenced by different drug properties, as 
well as by different physiological 
characteristics. Site-specific pH and buffer 
capacity of the gastrointestinal (GI) media, as 
well as gastric and intestinal transit times can 
have a strong influence on solubility and 
dissolution rate of dosage forms (1). 
However, studies show not only high inter-
individual, but also high intra-individual 
variability of GI fluid pH values and GI 
transit times of healthy individuals (2, 3). A 
study (3) showed slower drug release from 
Eudragit S coated tablets in healthy 
individuals after longer retaining in acidic 
medium of stomach. The same study also 
implied that disintegration of pH-responsive 
dosage forms might also be affected by small 
intestinal transit time (3).  
The purpose of this work was to study the 
influence of selected physiological properties 
(transit times, pH of small intestine and 
proximal colon) on dissolution of diclofenac 
sodium/HPMC tablets using glass-bead 
device. Three individual GI pH profiles were 

simulated and the influence of variable GI 
conditions on tablet dissolution was studied.  
  

MATERIALS AND METHODS 

Preparation of tablets 
Tablet mixtures, containing either 25% or 
50% of diclofenac sodium (DF-Na) and 
hydroxypropyl methylcellulose (HPMC), 
were compressed using a Kilian SP300 
instrumented single punch (IMA Kilian, 
Germany) at the Faculty of Pharmacy, 
University of Ljubljana, Slovenia, with 12 
mm flat-faced punches. Tablet mass was set 
at approximately 400 mg.  
 

Dissolution studies 
Dissolution experiments were performed 
using glass-bead device open flow-through 
dissolution system (4). Peristaltic pump 
continuously delivered fresh medium with 
flow rate of 2 mL/min into and out of the 
working vessel (beaker with volume 150 mL), 
containing 40 mL of medium, 25 g of glass 
beads (diameter 1 mm) and a magnetic 
stirring bar. The temperature was maintained 
at 37 °C and stirring at 50 or 60 rpm. 
Different media were subsequently delivered 
into vessel in predetermined time intervals, 
which simulated media pH changes along 
human GI tract. Different molar 
concentrations of HCl and Na3PO4 were used 
for simulated gastric fluid and for fast 
increase in pH, simulating transit from 
stomach to duodenum, respectively. Media of 
small and large intestine were simulated using 
different dilutions and pH values of 
McIlvaine buffers and for drop in pH, 
simulating transit to colon, 0.85% H3PO4 was 
used. 
Samples were collected in 20 minute intervals 
and were diluted with 0.1 M NaOH (ratio 
1:1). Absorbance at 276 nm was measured 
using UV-VIS spectrophotometer.  
 
RESULTS AND DISCUSSION 

Nowadays various human GI properties are 
frequently researched and the aim is to 
consider these characteristics also during in 
vitro dissolution testing. Glass-bead device 
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was chosen in this work since some of GI 
conditions can be easily simulated. 

The influence of selected parameters on 
DF-Na release 
Studies describing the determination of 
individual GI pH profiles were analysed. 
Based on these literature data (2, 3) typical 
pH profiles were selected and simulated with 
the use of subsequent delivery of different 
media into the vessel.  
The influence of small intestinal transit time 
(SITT) and colonic pH on drug release of DF-
Na tablets was studied using typical GI pH 
profile. Simulated pH profiles and 
corresponding release profiles of tablets 
containing 50% DF-Na are represented in Fig. 
1. 

 

Fig. 1: The influence of different physiological parameters (SITT 
and colonic pH) on drug release from HPMC tablets containing 
50% DF-Na.  
 

After transit to colon, drug release was 
decreased to a greater extent when lower 
colonic pH (dark solid lines on Fig. 1) was 
simulated compared to higher colonic pH 
(light solid lines on Fig. 1). This was 
expected since DF-Na solubility is pH 
dependent (5). Presumably due to drop in pH 
after transfer from ileum to cecum, SITT also 
affects drug dissolution, as seen on Fig. 1 
(comparison of dark solid, dotted and dashed 
lines). Larger drug release was observed 
when longer SITT was maintained.  

Simulation of individual GI pH profiles 
Three individual GI pH profiles were selected 
(2) and simulated including media buffer 
capacities corresponding to average values 
determined in vivo, i.e. 4-8 mmol/L/ΔpH in 
small intestine and approximately 15 
mmol/L/ΔpH in proximal colon.  

Fig. 2 represents simulated individual pH 
profiles and corresponding dissolution 
profiles of tablets containing 25% DF-Na. 

 

Fig. 2: Comparison of three simulated individual pH profiles and 
corresponding dissolution profiles of HPMC tablets containing 
25% DF-Na. 
  

The effect of longer gastric residence time has 
already been described (6) and can be also 
seen on Fig. 2, where longer gastric residence 
time delayed DF-Na dissolution (dashed 
lines). The other two pH profiles (solid and 
dotted lines) simulated similar pH values 
throughout GI tract; nevertheless dissolution 
rate of profile, represented by solid lines, 
decreased after a certain time (Fig. 2), 
apparently due to earlier transfer to colonic 
medium, as previously described. 
 
CONCLUSIONS 

Physiologically variable conditions in GI 
tract, such as GI pH profile and transit times, 
influence diclofenac sodium release from 
HPMC tablets.  
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INTRODUCTION 

The physiological function of human skin or 
oral mucosa is to prevent pass of any 
substance and to protect homeostasis. To 
make drug delivery possible via this route, 
various chemical drug absorption enhancers 
or physical methods are used. 
Iontophoresis is a technique used to enhance 
the transport of drug ions across a tissue 
barrier. It is based on the general principle 
stating that like charges repel each other and 
unlike charges attracts each other.  
This technique involves the application of a 
low potential across the skin in order to drive 
ions into and across the membrane (1). The 
physicochemical properties mitigate against 
passive diffusion through the intercellular 
lipid space favour electrically-assisted 
delivery. 
The outermost layer of the skin is the stratum 
corneum. Major features of the stratum 
corneum include a negative background 
charge and a high electrical resistance (1). 
Another important characteristic of the 
stratum corneum is that the electrical 
resistance drops dramatically when the 
applied voltage is higher than 0.1 to 2 V. The 
proposed pathways for transdermal drug 
delivery are schematically presented in Fig 1. 

 
Fig. 1: Description of transport of therapeutic compounds during 
transdermal iontophoresis. 

 
MATERIALS AND METHODS 

In the modeling of transdermal iontophoresis 
we refer to Nernst-Planck definition of 
species flux through homogeneous media (in 
the absence of the convective solvent flow). 
The flux resulting from the electrochemical 
potential gradient is typically decoupled into 
a diffusion term corresponding to activity or 
concentration gradient driven flow and an 
electromigration term that accounts for the 
force of the electric field on charged 
molecules. The Nernst-Planck flux is 
represented in this way: 

 i
i i i i

c
J D u c

x x

       
 (1) 

where , ,  and i i iD u c   are diffusion 

coefficient, electrical mobility, concentration 
and kinetic potential gradient, respectively.  
The diffusion coefficient and electric mobility 
are proportionality constants between flux 
and the concentration and potential gradients, 
respectively. They are related by the Nernst-
Einstein equation: 

 i i
i

z D F
u

RT
   (2) 

In our study we are trying to show the effect 
of iontophoresis on diffusion of drug in 
stratum corneum using finite element method 
(3), against passive diffusion represented by 
Fick`s law: 

  i
i i

c
J D

x


 


   (3) 
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The geometry used in simulation is 
represented in Fig. 2. 

Fig. 2: Geometry used in simulation. 

 

Mesh model for finite element method 
analysis consists of 2456 2D axisymmetric 
elements that result in good convergence. We 
used 2D axial symmetric model because it 
gives faster results then 3D model. 
 

RESULTS AND DISCUSSION 

We firstly investigated the simulation of 
naltrexone transport across a pig’s buccal 
sample in time for iontophoresis starting 45 
minutes after the beginning of the experiment. 
In vitro measurement of the drug flux was 
based on its concentration in the acceptor 
chamber (2). The flux for simple diffusion 
was around 0.002 mg/min in both experiment 
and simulation. Boundary conditions for this 
problem are prescribed flux concentration 
after 45 minutes from the simulation begin 
with i=1.5 mA/cm2 . We introduce the 
current into the simulation by setting the 
potential at 2V, where drug concentration 
distribution has been shown in Fig. 3. 
 

Fig. 3: Drug concentration distribution after applying the 
current source. 

CONCLUSIONS 

Numerical simulations have been made to 
show effects of transdermal iontophoresis on 
the electrotransport across the buccal tissue 
and the skin. 
The potential of electrically enhanced drug 
delivery from electrodes or device placed on 
some part of the body provides a unique 
opportunity to develop a drug delivery system 
to treat chronic disease. 
Numerical simulations in this direction are 
useful to explain the physics behind the 
process, so it is a high challenge for the future 
to develop mathematical models that 
accurately describe effects of technology on 
the biological features of the human skin. 
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INTRODUCTION 

Nasal administration of medicines with local 
effect is the natural choice for the treatment 
of acute and chronic topical nasal 
disorders.Accordingly, topical nasal steroid 
sprays are the mainstream treatment for 
patients with nasal polyps.High-dose topical 
nasal steroids have shown promising results 
with less systemic effects than oral steroids. 
However, long-term use of high topically 
applied doses could be related to adverse 
effects such as changes in serum cortisol 
and/or intraocular pressure (1). 
In this work, we present the development of 
dexamethasone-loaded lipid/alginate 
nanoparticlesthat could provide prolonged 
dexamethasone release and prolonged 
residence time at the nasal mucosa, ensuring 
its local effect upon the administration of a 
lower dose. Prolonged residence time can be 
expected due to alginate bioadhesive 
properties, but could further be improved by 
adjusting alginate concentration in the 
nanoparticle suspension to the range in which 
it could formhydrogel in contact with calcium 
ions present inthe nasal mucosa (2,3). 
 
 

MATERIALS AND METHODS 
 

Materials 
Sodium alginate was purchased from 
NovaMatrix®, Norway. Lecithin S100 was 
obtained from Lipoid, Germany. 
Dimethyldioctadecylammonum 
bromide(DDAB) was purchased from Sigma-
Aldrich, Germany. Dexamethasone (Dex)was 
obtained from Sanofi Aventis, France. All 
other reagents were of analytical grade. 
 

Methods 
Dex-loaded lipid/alginate nanoparticles were 
obtained by injection of ethanoliclipid/Dex 
solution into aqueous alginate solution (200 
g/ml; Table 1). The non-entrapped Dex was 
separated by filtration through 0.4-μm 
membrane filters (Millipore®, Switzerland). 
Dex content in the nanoparticles was 
determined by UPLC(Agilent Infinity 1290 
Agilent, Santa Clara, CA, USA). Particle size 
and zeta potential was determined by photon 
correlation spectroscopy (Zetasizer 3000 HS, 
Malvern Instruments). In vitro drug release 
was studied by dialysis against water 
containing SDS (0.03%, w/w) as the 
releasemedium in order to ensure sink 
conditions (Spectra/Por® 4 Dialysis Tubing, 
MWCO 12–14 kDa, Medicell International 
Ltd., UK)(4). Biocompatibility of 
nanoparticles was assessed using Caco-2 cells 
(American Type Culture Collection, 
USA).Cell viability was determined with the 
colorimetric MTT (3-[4,5-dimethylthiazol-2-
yl]-2,5-diphenyl tetrazolium bromide, Sigma) 
assay. 
 
Tab. 1: The composition of solutions used for the preparation of 
Dex-loaded lipid/alginate nanoparticles. 
 

 Lecithin 
(mg) 

DDAB 
(mg) 

Dex 
(mg) 

Alginate 
(mg) 

DN1 50 0.7 10 5 
DN2 50 1 10 5 
DN3 50 3 10 5 
DN4 50 5 10 5 
 Ethanolic solution  

(2 ml) 
Aqueous solution  
(23 ml) 
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RESULTS AND DISCUSSION 

The size and zeta-potential of lipid/alginate 
nanoparticles depended on the content of 
cationic lipid DDAB (Table 2). Increase in 
DDAB content led to stronger interaction 
with alginate, resulting in nanoparticle size 
and negative surface charge increase.  
The obtained value of zeta-potential near  
-30 mV is beneficial concerning the physical 
stability of nanoparticle suspensions prepared. 
The highest Dex entrapment efficiency (63.8 
%)was obtained for nanoparticles prepared 
with the highest DDAB content (DN4), 
resulting in Dex content in nanoparticle 
suspension of 255  7 g/ml. 
 
Tab. 2: The main characteristics of Dex-loaded lipid/alginate 
nanoparticles. 
 

 Dex 
content  
(µg/ml) 

Size  
(nm) 

PDI Zeta-potential 
(mV) 

DN1 
(N1) 

218 ± 3 109.1 ± 3.1 
(129.7 ± 1.2) 

0.540 
(0.531) 

-14.2± 0.3 
(-16.0 ± 0.4) 

DN2 
(N2) 

207 ± 1 129.1 ± 2.5 
(134.9 ± 4.4) 

0.514 
(0.610) 

-21.9 ± 0.5 
(-19.5 ± 0.3) 

DN3 
(N3) 

204 ± 7 258.6 ± 4.2 
(278.9 ± 1.4) 

0.343 
(0.519) 

-26.5 ± 0.3 
(-24.9 ± 0.6) 

DN4 
(N4) 

255 ± 7 252.3 ± 2.4 
(276.6 ±4.6) 

0.241 
(0.374) 

-31.7 ± 1.0 
(-30.6 ± 1.0) 

Values are mean  SD (n = 3); values in brackets refer to Dex-free 
nanoparticles; PDI, polydispersity index 

 
All lipid/alginate nanoparticles were 
characterised by prolonged Dex release and a 
significantly lower release rate (Fig. 1) than 
that observed for Dex solution  
(t50% 1 h).  

 
Fig. 1:Release profiles of Dex from lipid/alginate nanoparticles in 
water containing SDS (0.03, w/w, %). The profile of Dexdiffusion 
from the SDS aqueous solution (0.003%, w/v) across the dialysis 
membrane is also presented. Data are expressed as the mean      
± SD (n = 3). 

This particularly refers to DN4 nanoparticles 
having t50% of approximately 3 h. 
Although the Caco-2 cell line has an intestinal 
origin, it hasalready been used to study more 
general membrane effects of drugdelivery 
systems intended for nasal administration 
(5).In biocompatibility study, the 
concentration of nanoparticles was expressed 
as the concentration of lecithin in the system, 
and ranged from 50-400 g/ml. Cell viability 
assay showed no toxic effects of 
nanoparticles at the tested 
concentrationrangeandthe 2-h exposure. 
 
CONCLUSIONS 

This study demonstrates the potential of 
lipid/alginate nanoparticle suspension to act 
as a Dexdelivery platform characterized by 
prolonged release and sufficient charge to 
ensure suspension physical stability.This is a 
prerequisite for the suspension 
successfulformulation into an in situ gelling 
nasal system that would ensure prolonged 
residence at the nasal mucosa. 
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INTRODUCTION 

The distinguishing disorder of the Cystic 
Fibrosis (CF) is the production of very 
viscous secretions that affect several organs. 
The associated pulmonary disease consisting 
of recurrent bacterial infections and chronic 
inflammation status, is consequent to the 
stasis of highly dense and sticky mucus in the 
lung which impairs the pulmonary 
mucociliary clearance (1). Clinically, 
bacterial lung infections in CF patients are 
currently managed by antibiotic inhalation 
therapy. The success of an inhalation therapy 
is related to the ability of the deposited drug 
to dissolve in the fluids lining the lung. In the 
case of CF, the thick mucus acts as a physical 
barrier to the dissolution of the drug, 
weakening the drug effectiveness. Among 
antibiotic drugs administered, macrolides are 
not commonly used in CF to treat infections 
caused by mucoid strains of Pseudomonas 
aeruginosa. (2). Notably, several studies 
described a clinical benefit when macrolides 

were administered, with a decrease of the 
bacterial ability to adhere to airways 
epithelial cells (3). Starting from this 
scientific background, we focused our 
research on the design and development of a 
stable and effective Dry Powder Inhaler (DPI) 
containing an association of a macrolide 
antibiotic (clarithromycin, CLA) and a 
mucolytic agent (N-acetylcysteine, NAC). Its 
effectiveness is based on the counteracting of 
all the characteristics of P.aeruginosa 
infections in CF (lung bacterial adhesion to 
lung epithelium, biofilm formation and mucus 
viscosity). 
 

MATERIALS AND METHODS  

Materials 
CLA was purchased from Carbosynth 
Limited (Berkshire, UK) and NAC powder 
was purchased from Sigma-Aldrich (Milan, 
Italy). Water was purified by reverse osmosis 
(Milli-Q, Millipore, France). 2- Propanol (2-
PrOH) USP grade was purchased from Carlo 
Erba Reagents (Milan, Italy). Hypromellose 
capsules size 3 were purchased from 
Qualicaps (Alcobendas, Spain). The device 
used for aerodynamic tests was the monodose 
DPI RS01 model 7 with a low resistance to 
airflow, kindly donated by Plastiape SpA 
(Lecco, Italy). 

Methods 
Micronized powders were obtained from 
different hydro-alcoholic solutions containing 
2-Propanol from 30% to 50% (v/v) and CLA 
and NAC in equimolar ratio, with a total 
powder concentration of 3% (w/v). All liquid 
feeds were dried using a Buchi Mini Spray 
Dryer B-191. Each feed solution was obtained 
by adding the NAC water solution gradually 
to the CLA alcoholic suspension, under 
continuous magnetic stirring. Particle size of 
spray-dried particles was determined using a 
light-scattering laser granulometer equipped 
with a tornado powder dispersing system. 
The in vitro aerodynamic properties of the 
Spray-Dried (SD) powders were assessed be 
a Single Stage Glass Impinger (SSGI) using 
the monodose DPI RS01 model 7 as device to 
aerosolize the powders (Eur. Phar. 8), using 
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purified water (Milli-Q, Millipore) to recover 
the deposited powder. 
 

RESULTS AND DISCUSSION 
In order to increase CLA water solubility we 
salified its dimethyl-amino group (pKa 8.99) 
with an equimolar amount of NAC having a 
carboxylic acid moiety (pKa 3.24). Therefore, 
we obtained clear feed solutions to be 
processed by the spray drying technology. 
Table 1. Physical characteristics of co-spray-dried powders: feed 
solution composition, yield of the process and particle size. 

 

 

The process yield, satisfying for all batches, 
increased with the 2-PrOH content (Table 1), 
thanks to the reduction of the energy heat of 
the solvent mixture and of the easier drying. 
Particle diameter (d50) of the SD particles 
ranged between 2.6 m and 3.3 m, suitable 
values for an inhalation administration. 
Morphology studies showed a decrease in the 
particle corrugation as an effect of the alcohol 
content in the spray drying feed solutions. 
Particles dried from hydro- alcoholic 
solutions containing 20 and 30% v/v of 2-
PrOH/H2O were all greatly corrugated 
(Figure 1 a,b). 

 

 

Figure 1. SEM micrographs of co-spray-dried CLANAC 
particles. Wrinkled micronized particles dried from 2- 
PrOH/water 20:80 (A) and 30:70 (B) (v/v). Blends of wrinkled 
and spherical particles dried from 2-PrOH/water 40:60 (C) and 
50:50 (D) (v/v), respectively. 
 
 

The increase in 2-PrOH concentration caused 
the formation of spherical particles together 
with corrugated ones, in a blend not very 
homogenous. As to the aerodynamic 
behaviour, the produced powders showed all 
excellent flow properties as evidenced by the 
very high Emitted Dose (ED) values (Table 
2). 
Table 2. Fine Particle Fraction (FPF) and Emitted Dose  (ED) of 
CLANAC co-spray-dried powders. 

Batch # Mean FPF (%) Emitted Dose 
(ED) 

1 55.1 (±2.4) 100.4 (±0.35) 

2 59.4 (±3.1) 100.1 (±0.60) 

3 54.4 (±4.0) 100.3 (±0.23) 

4 53.3 (±7.1) 100.1 (±0.50) 
 

Moreover, for all po ders tested, ore than the 
50% of the dose inserted into the capsule 
reached the inferior part of the SSGI 
apparatus, indicating excellent aerodynamic 
properties. 
 

CONCLUSIONS 
The CLA salification, necessary to increase 
drug solubility, was obtained adding into the 
feed solutions an equimolar amount of NAC, 
a well-known mucolytic drug, which can 
exert its action on CF lung mucus, facilitating 
the dissolution and the permeation of the 
antibiotic through the mucus. Co-spray dried 
powders of CLA and NAC showed good 
technological and aerodynamic properties, 
appearing as a valid pharmacological support 
for a better management the CF respiratory 
disease. 
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Batch 
# 

Feed solution composition 

Yield % d50 m 
(span) 

Drug 
conc. 

(% w/v) 

2-PrOH/H2O 
(% v/v) 

1 3 50/50 67.1 (±2.3) 3.0 (2.20) 

2 3 40/60 63.7 (±5.9) 2.7 (2.30) 

3 3 30/70 57.7 (±7.8) 2.6 (2.10) 

4 3 20/80 56.7 (±1.1) 3.3 (2.00) 
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INTRODUCTION 
The oral route is the most preferred drug 
administration way with the highest patient 
compliance. In the last years, an increasing 
number of active ingredients exhibits poor 
oral bioavailability and needs advanced 
delivery systems to preserve the therapeutic 
activity towards the physiologic barriers of 
the GI tract. 
In the last decade microfabricated devices 
have been proposed as oral drug delivery 
systems (DDS). Among these devices, 
microcontainers have been used to deliver 
drugs in the GI tract (1). Microcontainers are 
cylindrical shaped reservoirs with a nanoliter 
volume cavity filled with a drug formulation 
and sealed with a degradable membrane 
which tunes the drug release. The main 
concepts of these devices are the protection of 
the drug from gastric environment and the 
unidirectional and tuneable release. These 
combined properties aim to reduce the drug 
loss in the intestinal lumen, which is a 
concrete issue for many oral dosage forms. 
Here we present recent developments in the 
loading of aforementioned microdevices. We 
combined two techniques: (a) hot punching 
was used to fill the containers with a 
thermoplastic biopolymer and (b) the 
resulting polymer filled containers were 
impregnated with the drug by supercritical 

carbon dioxide (scCO2). As comparison, we 
show the release from microcontainers filled 
by hot punching with the same polymer 
already mixed with the drug. 
 

MATERIALS AND METHODS 

Fabrication of microcontainers  
Prototypes of microcontainers were fabricated 
using epoxy resin (SU-8, Microchem, USA) 
on silicon chip substrates as described before 
(2).  

Loading of microcontainers  
The loading procedure included three steps as 
depicted in Figure 1: (a) a thin layer of a 
solution of 15% wt. poly(-caprolactone) 
(PCL, Sigma) in dichloromethane was spin 
coated (1250 rpm, 45 s, ~50 µm) on elastic 
substrates and left at room temperature until 
complete drying; (b) the PCL film was 
transferred in the microcontainers cavity by 
hot punching (3.5 kN, 65 ºC, 20 min); (c) the 
polymer filled microcontainers were 
impregnated via scCO2 with ketoprofen 
following a procedure previously described 
(1,3) at 40 ºC and different conditions of 
pressure (100, 200 bar), and time (2, 4 hours). 
As a comparison to the loading by 
supercritical impregnation, microcontainers 
were filled directly by hot punching with 
films containing PCL and ketoprofen with the 
same concentration observed in the 
dissolution tests of the impregnated 
microcontainers (see following section). 

In vitro dissolution tests 
Ketoprofen elution kinetic was measured in 
10 ml DI water at 37˚C using UV spec 
(Nanodrop, Thermoscientific, = 259 nm).  
 
RESULTS AND DISCUSSION 

Hot punching of biopolymer matrix  
In Figure 2 the SEM pictures of 
microcontainers (a) before and (b) after the 
hot punching with PCL are shown. The initial 
polymer thickness of the embossed films is 
defined ad hoc in order to fit the 
microcontainer cavity depth, considering the 
effect of heat and pressure on the PCL density 
and morphology. Thereafter the film 

OP12 



 

52   

surrounding the microcontainers is easily 
peeled off from the chip leaving the 
microcavities filled with no residual traces 
outside. Since the drug is not introduced yet, 
the leftover polymer film can be harvested 
and eventually redissolved. Figure 2c depicts 
a SEM micrograph of an array of 
microcontainers after impregnation with the 
drug. During the scCO2 assisted-loading PCL 
undergoes a pronounced swelling but after the 
depressurization the initial polymer 
morphology seems to be restored. 
 

Drug solubilized in supercritical CO2

Elastic Substrate

Pressure and heating

Biopolymer (PCL)

Microcontainers

(a)

(b)

(c)

Silicon chip

 
 
Fig. 1: Schematic of the preparation of microcontainers filled by 
hot punching with a biopolymer and loaded with the drug by 
supercritical impregnation. 
 

(a) (b) (c)

300 µm100 µm100 µm

 
 
Fig. 2: SEM micrographs of microcontainers (a) empty (b) after 
the filling with PCL by hot punching and (c) after the sc 
impregnation with the drug.  
 

In Figures 3a and 3b the dissolution curves of 
ketoprofen are shown in the case of drug 
loaded in the PCL by scCO2 impregnation 
(white symbols) and drug hot punched  
together with the polymer (black symbols) 
with the same loading concentrations. In 
Figure 3a the impregnation conditions are 100 

bar and 2 h; in Figure 3b are 200 bar and 4 h. 
In both the conditions the release is faster 
when the drug is impregnated with scCO2 
than when it is punched together with the 
polymer. This might be explained by high 
level of drug dispersion and eventually by the 
presence of molecular interactions when the 
drug is impregnated in the polymer compared 
to when it is mixed and punched in the 
microcontainers. 
 
CONCLUSIONS 

The combination of hot punching and drug 
impregnation shows a clear advantage 
compared to the hot punching of 
drug+polymer films as it allows both to 
reduce the drug waste and to accelerate the 
drug release, as required in intestinal delivery.  
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Fig. 3: Dissolution profiles of ketoprofen from PCL-filled 
microcontainers with combined hot punching+scCO2 
impregnation (white symbols) in (a) 100 bar 2h, in (b) 200 bar 4 
h. Black symbols show the release from hot punched films 
already containing the drug the same loaded mass.  
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INTRODUCTION 

Modern society is facing with a problem of 
increasing number of bacteria resistant to 
antibiotics. Therefore, scientific attention is 
focused on plant extracts as sources of 
components with strong antibacterial activity 
that does not contribute to bacterial resistance 
(1). One of the natural substances that can be 
used as an antibacterial agent is thymol (main 
component of thyme and oregano essential 
oil). To increase number of applications and 
to prolong its bioactivity, incorporation of 
thymol into polymeric carrier using technique 
of supercritical solvent impregnation (SSI) 
was suggested (2). SSI implies dissolution of 
bioactive component into supercritical fluid 
and contact of the resulting mixture with a 
polymer. Supercritical fluid with good solvent 
properties and high diffusivity in solid 
materials that could be used for SSI process is 
CO2. SSI allows production of solvent-free 
material that can be used for pharmaceutical, 
biomedical, and food applications (3). The 

aim of this study was to produce a system that 
has antibacterial activity with controlled 
release of antibacterial substance using SSI 
process and cellulose acetate (CA) as a carrier 
of thymol. 
 
MATERIALS AND METHODS 

Materials 
Thymol (purity>99%) (Sigma, Germany), CA 
(Eastman, Poland), CO2 (purity 99%) 
(Messer-Tehnogas, Serbia), HCl (NRK 
Engineering, Serbia), Na2HPO4·12H2O, and 
NaH2PO4·2H2O (Centrohem, Serbia) were 
used for this study.  

Methods 
Supercritical impregnation of CA with 
thymol was performed during 2, 5, and 28 h 
at 35 °C and 10 MPa in a high-pressure view 
cell (Eurotechnica GmbH, Germany) (Fig. 1). 

 
Fig. 1: Schematic presentation of the high-pressure 
view cell 
 
Field emission scanning electron micro-scope 
(Mira3Tescan) was used for determination of 
CA samples morphology. Fourier transform 
infrared spectra’s were recorded at ambient 
conditions in the ATR mode using 
spectrophotometer Nicolet IS 50 at resolution 
of 4 cm-1

. 
DSC analysis was performed in differential 
scanning calorimeter Q10 TA Instruments 
(USA) in nitrogen atmosphere from 25 °C to 
300 °C and heating rate of 10 °C/min.  
Thymol release studies were performed in 
water (pH 6.5), 0.1 N HCl (pH 1.1), and 0.1 
M phosphate buffer (pH 7.0). Thymol 
concentration was determined at 274 nm 
using spectrophotometer (Cary100 Scan, 
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Varian). Release curves were simulated with 
Korsmeyer-Peppas and Weibull model (4,5). 
Activity of the CA samples against Gram(+) 
and Gram(-) bacteria was tested using the 
agar diffusion method. 
 

RESULTS AND DISCUSSION 

Thymol impregnation yield at constant 
pressure and temperature is time dependent 
and after 2, 5, and 28 h it was 4.5, 13.7, and 
58.9%, respectively. Adjustment of the 
operating time allows setting of the 
impregnation yield according to desired 
application.  
Characterization of CA samples by SEM (Fig. 
2), FTIR, and DSC methods confirmed that 
extent of thymol effect on CA depends on its 
content – an increase of thymol impregnation 
yield increases modification of CA. It was 
shown that thymol had ability to affect 
interactions between CA chains changing the 
polymer crystalinity. 

 
Fig. 2: Morphology of CA samples a) non-treated, 
and with b) 4.5%, c) 13.7%, d) 58.9% thymol 
impregnation yield 
 
Kinetics of thymol release from CA was 
tested using water, simulated gastric and 
intestinal fluids. Depending on the thymol 
content in the CA samples and chemical 
nature of the release medium, the time of 
thymol release varied from one to three days. 
The best agreement between experimental 
results and the Korsmeyer-Peppas model was 
for the sample with 13.7% thymol 
impregnation yield (Fig. 3). 

Activity of the CA samples was tested against 
23 bacterial strains. The higher thymol 
impregnation yield into CA, the wider zone of 
inhibition was. CA samples with 13.7 and 
58.9% thymol impregnation yield showed 
antibacterial activity against methicilin-
resistant Staphylococcus aureus.  

 
Fig. 3: Relative mass of thymol released from the 
CA sample with 13.7% impregnation yield 
 

CONCLUSIONS 

CA impregnated with thymol is a new 
functionalized solvent free green material 
which enables controlled release of this 
antibacterial substance. 
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INTRODUCTION 

The focus of this study was to investigate 
alginate, an anionic, bioadhesive and 
biodegradable polyelectrolyte, in combination 
with different types of crosslinkers (divalent 
ions, polycations, cationic micelles) to 
discover the differences in crosslinking 
mechanism, the thermodynamics behind it 
and their ability to form polyelectrolyte 
complex nanoparticles (PECNs). The PECNs 
have drawn a lot of attention in recent years 
due to the simplicity of formation and 
formulation, good biocompatibility and 
relatively high encapsulation yield compared 
to hydrophobic polymer or lipid based 
nanocarriers (1). As the crosslinking agent of 
alginate for the preparation of nanoparticles, 
divalent Ca2+ ions are very well known, Zn2+ 
ions have also been investigated more 
recently (2). Besides divalent ions, 
polyelectrolytes of opposite charge, such as 
chitosan, are widely studied (3). 
Moreover, our aim was extended to all 
compounds which carry positive charge and 
have a potential to act as a crosslinking agent, 
for example surface active agents and 
positively charged drug molecules. Surface 
active agents are especially interesting to look 
upon, since they crosslink the alginate in 

cooperative manner - as a cationic micelles 
and not as single entities. Cetylpyridinium 
chloride (CPC), which is also used as an 
antiseptic agent in periodontal treatment, is an 
example of amphiphilic cationic molecule 
that successfully crosslinks alginate chains 
and PECNs are formed (4). Complexation 
mechanism mainly depends on the 
electrostatic interactions between the entities 
of opposite charge but also others have its 
role - hydrophobic effect, H-bonds - 
depending on the substances used. As a 
consequence, thermodynamics of interaction 
can be changed due to different interactions. 
Therefore, the dynamic light scattering 
method used for the detection of nanoparticle 
formation, was complemented with an 
isothermal titration calorimetry (ITC). The 
latter was long viewed as a method of choice 
for characterizing bindingthermodynamics 
and stoichiometry of molecular interactions, 
due to its high sensitivity (5). With ITC 
different physiochemical interaction regions 
and mechanism of binding can be 
characterized depending on crosslinker 
concentration in the crosslinker - 
polyelectrolyte system. 
 

MATERIALS AND METHODS  
 

Materials 
Sodium alginate Protanal LF 10/60 (Mw = 
1.38x105 g/mol) (FMC BioPolymer), CPC 
monohydrate, zinc chloride, calcium chloride, 
chitosan, low viscosity (Sigma Aldrich). 
Water was purified with Milli-Q system with 
a 0.22 ^m Millipak® 40 filter. 
 

Methods 
A Zetasizer Nano NZ (Malvern Instruments) 
with MPT-2 Multi-Purpose Titrator was used 
for titration of crosslinker into polyelectrolyte 
solution and for measurements of 
hydrodynamic diameter, polydispersity index 
(PDI) and zeta potential. 
A Nano ITC (Isothermal Titration 
Calorimetry) (TA Instruments) was used for 
thermodynamic studies of the same 
polyelectrolyte - crosslinker combinations.
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RESULTS AND DISCUSSION 
 

Firstly, the titration of different crosslinkers 
into alginate solutions was performed and 
values of hydrodynamic diameter, PDI, zeta 
potential and pH were measured. Already 
from the titration curves the formation of 
nanoparticles was detected in the regions of 
the certain molar rations. Fig.1 shows the 
results for the titration of CPC into the 
alginate solution. 

 
Fig. 1: Hydrodynamin diameter and polydispersity index (PDI) 
as a function of CPC/alginate molar ratio. 

 
Results of measurements with nanoITC for 
titration of CPC into alginate are shown in 
Fig.2. A negative heat flow represents an 
exothermic reaction, which takes place due to 
electrostatic binding of CPC micelles to 
alginate's charged groups. 

 

 

 
Fig. 2: Results of isothermal titration calorimetry: heat rate and 
energy are presented as a function of CPC/alginate molar ratio. 
CPC (2.79mM) was titrated into alginate (0.64mM) solution. 

The enthalpy change (Q) is lowering with the 
increased molar ratio between CPC and 
alginate indicating that charged sites on 
alginate are getting saturated with CPC. At 
the same point that the curve of enthalpy start 
to oscillate around 0 value the aggregates in 
the CPC - alginate nanoparticle dispersion 
appear. Shown are the results, where CPC 
was used as a crosslinker. The measurements 
were also performed with different divalent 
and trivalent ions, positively charged 
polyelectrolyte - chitosan, and some 
positively charged drug molecules. They also 
show exothermic change due to the 
electrostatic binding, but have different curve 
shapes and also other specific regions of 
nanoparticle formation due to the different 
crosslinker properties (results shown on the 
poster). 
 
CONCLUSIONS 

Different crosslinking abilities were observed 
regarding the crosslinker valency, charge 
density and concentration of the crosslinker. 
The possibility of preparation of PECNs was 
shown in a limited area of molar rations, 
specific for each crosslinker. The results of 
size and zeta potential and mechanism of 
complexation were explained with the results 
of ITC measurements. 
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INTRODUCTION 
Advanced Drug Delivery nanoSystems is a 
new class of drug carriers, resulting from the 
combination of liposomes and dendritic 
polymers, exhibiting high encapsulation 
efficiencies and control of drug release (15). 

An important aspect for the development of 
such carriers is the understanding of the 
interactions between their components. In this 
study hyperbranched polymers (HBPs), have 
been incorporated in liposomes for the 
development of carriers for the anticancer 
drug doxorubicin (DOX). DOX is 
encapsulated in liposomes via the pH - 
gradient method, which employs buffers of 
different composition, pH, and osmolarity in 
the internal and external aqueous medium of 
liposomes. This affects the structural 
conformation of the liposomal bilayer and 
could possibly have an impact on DOX 
encapsulation efficiency and retention. The 
aim of the present work is to elucidate the 
effect of osmotic pressure differences on the 
structure and dynamics of the liposomal 
bilayers of aDDnSs by using Electron 
Paramagnetic Resonance (EPR) spectroscopy 
and Differential Scanning Calorimetry (DSC). 
 

MATERIALS AND METHODS 
Liposomal formulations were prepared with 
DSPC and DPPG phospholipids at a 9:1 
molar ratio by using the thin film hydration 
method. HBPs of three different pseudo-
generation numbers (PFH-16OH, PFH-32OH 
and PFH-64OH) were incorporated in 
liposomes at 5% (polymer/lipid molar ratio). 
For the EPR measurements the spin probes 5-
Doxyl stearic acid (inserted in liposomes at 
the stage of thin lipid film preparation) and 4- 
carboxy Tempo (chemically linked to HBPs) 
were used. The external buffer of liposomes 
was changed by using size exclusion 
chromatography. The EPR spectra were 
recorded by means of a Bruker EMX 
spectrometer operating at X band and the 
DSC measurements were performed in a 
micro DSC instrument (Setaram). 
 

RESULTS AND DISCUSSION 
The EPR measurements showed that the lipid 
bilayer is more rigid when the osmolarity of 
the liposomes external aqueous medium is 
higher (low rotational mobility, high 
microviscosity) (Tab. 1). This behavior is 
related to the osmotic stress induced to 
liposomes, where the hyperosmotic external 
medium results to liposomal shrinkage. HBP 
incorporation in the liposomal bilayer resulted 
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in a higher rigidity of the bilayer. Moreover 
the presence of sucrose even in isosmotic 
formulations affects the packing of the lipid 
bilayer resulting in higher rigidity as well. 
This may also be related to changes in the 
hydration shell of the phospholipids polar 
head group region, due to the presence of 
high concentrations of sucrose. In terms of 
HBP interaction with the lipid bilayer in 
different osmolarity conditions, variations in 
the rotational mobility of the Tempo label 
were also observed. This provides proof that 
the HBPs are incorporated in the liposomal 
structure and interact with the lipid bilayer as 
previously reported (6). Moreover in the 
W/SB system (see note at Tab. 1), the 
percentage of groups in a more polar 
environment was lower, indicating that the 
polymer is forced to enter deeper in the 
bilayer. 
 
Tab. 1: Azz component of the hyperfine coupling tensor A and 
correlation time (T) values for HBPs and liposomes. 

Formulation (Internal / 
External medium) 

5-DSA / TEMPO 
% Polar 
TEMPO Azz (G) T (ns) 

PFH-16OH -/40.00 -/0.06 100 

D
S

P
C

/ D
P

P
G

 W/W 32.5/- 7.95+ 2.65/- - 

W/SB 32.5/ - 8.1 / - - 

SB/W 32.5/- 7.3/- - 

SB/SB 32.5/- 7.9/- - 

D
S

P
C

/ 
D

P
P

G
/

P
F

H
- 

16
O

H
 W/W 32.5/39.90 8.9/ 0.12 100 

W/SB 32.5/39.95 11.3/ 0.13 80 

SB/W 32.5/39.70 7.9/ 0.10 100 

SB/SB 32.5/39.90 11.2/ 0.12 100 

W: Water, SB: Hepes buffer 25mM & sucrose 300mMpH 7.4 
 

 

All liposomal formulations gave shouldered 
DSC traces (Fig. 1), indicating a phase 
separation, i.e. the presence of bilayer regions 
with different thermal stability (3), in which 
osmotic pressure plays a significant role. 
Specifically, a hyperosmotic interior (SB/W 
system) causes the destabilization of the 
system (shift of the transition temperature to 
lower values), while a hyperosmotic exterior 
(W/SB system) leads to the creation of a more 
stable phase (as also revealed by EPR 
measurements). In the case of SB/SB system, 
although the osmolarity of the two mediums 
was equal, the presence of high 
concentrations of sucrose leads to the creation 
of a distinct biphasic condition. The phase 
separation also exhibited upon HBP 

incorporation is an entropic driven process 
depending on HBP size and indicates the 
creation of a more stable lipid domain, due to 
phospholipid - HBP interaction. This result is 
in accordance with previous findings (3). 

 
Fig. 1: DSC traces for a) DSPC/DPPG liposomes in different 
osmotic pressure conditions b) DSPC/DPPG liposomes 
incorporating HBPs under pH gradient conditions (CB: Citrate 
buffer 300mM pH 4.0). 
 

CONCLUSIONS 
The differences in osmolarity between the 
inside and outside of liposomes, mimicking 
pH gradient conditions, seem to affect the 
rigidity and stability of the lipid bilayer. This 
can have a major impact on the ability of the 
liposomal lipid bilayer to maintain the 
gradient and efficiently retain the solute in 
liposomes. The presence of sucrose in the 
aqueous medium surrounding liposomes 
stabilizes the system and favours the 
partitioning of HBP molecules inside the 
liposomal lipid bilayer. 
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INTRODUCTION 

Further to the published results on the 
characterization of oppositely charged 
Eudragit® EPO and L100-55/L100/S100 
copolymer pairs (1), it is still possible to 
modify the properties of the resulting 
polycomplexes by directed synthesis of new 
IPECs by using another polycation (Eudragit® 

RL) with differ charge density and the 
reacting capability of macromolecules (2). 
The objective of this study was to investigate 
the fundamental physicochemical 
characteristics of new IPECs prepared in 
aqueous solutions from Eudragit® type RL 
PO (RL) and countercharged grades of 
Eudragit® L100-55/S100/FS 30D and 
evaluation of polycomplex matrices based on 
them during swelling and drug release in 
simulated gastro-intestinal tract (GIT) 
conditions with respect to their potential 
application in oral drug delivery. 
Indomethacin (IND) was used as a model 
drug. 
 
 

MATERIALS AND METHODS 

The optimal conditions for interaction 
between chemically complementary grades of 
a polycation (Eudragit® RL) and polyanion 
copolymers (Eudragit® L100-55, S100, FS) 
were studied in aqueous salt media. The 
synthesis was conducted by addition of a 
solution of polyanions to a dispersion of RL 
with constant stirring. The influence of 
different orders, pH and molar ratios were 
evaluated as well. The yields of precipitate 
formed were first analyzed gravimetrically. 
The resulting precipitate of formed IPEC was 
washed with demineralized water and the 
solid complexes were subsequently dried for 
2 days using FreeZone 1 L freeze dryer 
(Labconco). The compositions of the dried 
IPEC samples were investigated by elemental 
analysis using a Thermo Flash 2000 CHNS/O 
elemental analyzer (Thermo Scientific). ATR-
FTIR-spectroscopy of solid IPECs was 
performed on the Nicolet iS5 FTIR-
spectrometer (Thermo Scientific) equipped 
with iD5 ATR smart accessory. The thermal 
properties of IPECs were studied using 
modulated DSC – Discovery DSC (TA 
Instruments). For swelling and dissolution 
testing, flat-faced tablets of 100 mg of IPEC 
or 150 mg weight (100 mg of IND, 50 mg 
IPEC) and 8 mm diameter were prepared by 
compressing the given amount of the IPEC or 
IPEC/IND at 2.45 MPa using a hydraulic 
press for IR (Perkin Elmer). The swelling and 
release was investigated in GIT conditions: 
the pH of the release medium was gradually 
increased: pH 1.2 for the first hour, pH 5.8 for 
the next 2 hours, then 6.8 for a further two 
hours, and finally pH 7.4 was maintained 
until the end of the experiment. The release of 
IND from polycomplex matrices was 
performed using a standard dissolution tester 
– paddle method (DT 828, Erweka) in 
conditions simulating the GIT. The amounts 
of IND released in the dissolution medium 
were determined by UV spectrophotometry at 
270 nm (Evolution 220, Thermo Scientific). 
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RESULTS AND DISCUSSION 

The fraction of polycation (RL) incorporated 
in the polycomplex (Tab. 1) increases as the 
reaction capability (charged density) of 
polyanions rises: FS (10%) > S100 (33%) > 
L100-55 (50%). According to the results of 
FTIR spectroscopy all IPECs have a band at 
1560 cm-1, which can be assigned to the 
stretching vibration band of the carboxylate 
groups (L100-55, S100, FS) that form the 
ionic bonds with the quaternary amino groups 
of RL (Fig. 1). All IPECs are chemically 
homogenous and characterized by one single 
Tg (Tab.1), which was higher compared to 
that of pure RL (59.60.5°C). 
 
Tab. 1. Characteristics of IPECs according to element analysis 
and DSC. 

 
IPEC sample 

name 

Composition 
of 

copolymers 
in reaction 
mixtures, 

molar ratio 

Estimated 
composition 

of IPECs, 

molar ratio 

 

Tg, oC 

RL/FS 2 : 1 1.73 : 1 70.1±0.6 

RL/S100 3 : 1 2.92 : 1 130.3±0.4 

RL/L100-55 3 : 1 4.19 : 1 88.8±0.7 

 

Analysis of the drug release profiles indicated 
a reasonable correlation with the swelling 
properties of the IPEC systems and with their 
glass transition temperatures (1). The greater 
the degree of swelling in the first two media 
and the lower the Tg value of the IPECs, the 
slower the IND release (dissolution, 
increasing with increasing pH). Thus, the 
degree of swelling decreased in the order 
RL/FS, RL/L100-55, and RL/S100, with the 
degree of release of IND increasing, in the 
same order in GIT mimicking conditions (Fig. 
2 a,b).  

4000 3500 3000 2500 2000 1500 1000 500
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60

90

1560

T
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 IPEC RL/FS
 IPEC RL/L100-55
 IPEC RL/S100

1730

 
Fig. 1: ATR-FTIR-spectra of comparable IPEC samples. 

 
(a) 

 
(B) 

Fig. 2: Swelling (a) and release profiles of IND (b) from matrices, 
prepared from comparable IPEC samples in GIT conditions. 

 
CONCLUSIONS  
The physicochemical and pharmaceutical 
properties of the new IPECs based on 
Eudragit® type RL PO and countercharged 
grades of Eudragit® L100-55/S100/FS 30D 
suggest that it has great potential as new 
carriers for oral matrix DDS. Overall, the 
formation of IPECs opens up new possibilities 
for oral controlled drug release. Design of new 
materials based on existing approved ones is 
therefore an option that can be readily applied. 
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INTRODUCTION 

The pharmaceutical landscape for 
chromatographic equipment continues to 
change worldwide. A lot of manufactures shut 
down their production of first generation LC 
systems including spare part production. 
Newer models of HPLCs began to replace 
legacy systems while simultaneously first 
UPLCs and UHPLCs found utilization within 
the regulated environment. The industry had 
to start to face the arisen challenges caused by 
the high diversity of equipment that not only 
affected own labs but also labs of business 
partners. Intercompany cooperation 
complicated on a technical level. Analytical 
methods were dedicated to a specific system 
type in order to prevent additional costs, to 
prevent test result discrepancies or regulatory 
problems. An exchange of the used 
chromatographic device was doomed to be 
risky and critical. 
 
Understanding the Impact of the System 
 
The quality of separation in liquid 
chromatography is first of all related to the 
chemistry applied, in concrete the column 
(stationary phase and its pore size) combined 
with the mobile phase used for compound 

elution. The system impacts in technical 
terms on the power of separation due to 
system void volume and dispersion volume of 
the device. Changing the system type usually 
affects detected peak heights and peak 
symmetry (band bordering) with impact on 
quantification limits as well as the quality of 
peak separation itself (Figure 1). A simple 
shoulder seen on instrument type A could 
easily be valley separated or merged with 
another peak on instrument type B - if these 
technical circumstances are not taken into 
account. 
 
ARC - System Impact resolved 
 
The Waters Arc system (Figure 2) is a hybrid 
that can be used as HPLC or UHPLC. It is 
constructed to be capable to operate with 
selectable system volumes closely fitting to 
the bulk of competitor systems within its class 
around the globe. It features technical tools 
that permit fine adjustments on the absolute 
retention time for eluted peaks without 
alteration of the method gradient table or 
other method parameters. Congruent 
chromatographic overlays (Figure 3) can be 
demonstrated to other HPLC or UHPLC 
systems - Arc enables the lab to quickly and 
easily implement established methods on 
modern equipment. With no modifications 
required on the method or its chemistry the 
impact on submissions can be classified as 
minor. 
 
Regulatory Aspects 
 
Most regulatory agencies including the FDA 
have recognized the industrial need of 
modernization in context of the already given 
diversity related to the chromatographic 
systems around the globe. Official documents 
such as those related to NDAs, ANDAs (1-4) 
as well as the USP (5) defined under what 
circumstances changes can be easily covered 
by e.g. annual reports. Without alteration of 
the chemistry and taking advantage out of 
permitted technical adoptions the Waters Arc 
integrates with  
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RESULTS AND DISCUSSION 

 

 
Fig. 1 Understanding the impact of system volumes on 
chromatographic separation. © 2016 Waters Corporation 

 

 

 
Fig. 2 Waters Arc System © 2016 Waters Corporation 

 

 
Fig. 3 Transfer your methods without modification to Arc 

 
 
 
 
 

CONCLUSIONS 

Waters Arc U/HPLC systems made problems 
observed in the past during inter instrument 
(type/model) assessments redundant. Arc 
systems can accept methods developed on 
other devices without the need to adapt the 
method, without the requirement to revalidate 
the method while still providing a stunning 
congruent separation compared to the 
method's originator-device. With Arc inter lab 
cooperation and method transfer is eased up. 
Rejuvenation programs for pharmaceutical 
equipment parks can be continued without 
hidden side effects. As a hybrid device the 
possibility to advance to UHPLC separation 
comes hand in hand with this reliable product. 
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INTRODUCTION 

The characteristics of topical formulations 
can hugely influence the absorption of 
compounds. Solubility of the compound in 
the vehicle, its partitioning from the vehicle 
into skin, and penetration enhancers can 
facilitate diffusion of drug through the upper 
layers of the skin.  
Diclofenac is a non-steroidal anti-
inflammatory drug (NSAID) used to treat 
acute and chronic pain. NSAIDs are often 
applied topically to reduce systemic exposure 
and target the site of pain. Several 
commercial topical formulations are available 
on the market to treat pain from conditions 
such as rheumatism. 
Through computational modelling, the effects 
of formulation changes can be quantified. The 
Transdermal Compartmental and Absorption 
(TCAT™) module in GastroPlus™ is able to 
predict absorption and distribution of 
compounds through the skin, as well as 
absorption into systemic circulation, and 
quantify the effects of formulation changes on 
dermal absorption. 
 
 

 

METHODS 

A three-compartment model describing the 
systemic disposition of diclofenac was 
calibrated against intravenous data1. 
Profiles of plasma concentration over time 
were taken from Nivsarkar et al2. In this 
study, subjects were given two formulations 
of diclofenac:  Voltaren Emulgel (1% 
diclofenac sodium emulgel) and Dynamar 
QPS (4% diclofenac diethylamine non-
aqueous solution). The dermal model was 
calibrated to the gel formulation.  
Diffusivity and partitioning in the stratum 
corneum were calculated according to the 
Wang-Kasting-Nitsche equations3, and in the 
viable epidermis and dermis according to the 
Bunge-Cleek equations4. Diffusivity in the 
sebum was calculated according to a 
correlation with Valiveti et al, 20075; the 
partition coefficient was adjusted to 1500, 
about half the value predicted by Valiveti et 
al, 20086. The rate constant of transport from 
dermis to blood was set to 8e-5 s-1. It was 
assumed that diclofenac would not diffuse 
into hair. 
Vehicle parameters such as applied surface 
area were taken from Nivsarkar et al, while 
parameters not detailed in that paper were 
calibrated for each formulation.  
 
RESULTS AND DISCUSSION 

The model was able to predict the emulgel 
formulation (Figure 1). The QPS solution 
could not be accurately modelled only by 
adjusting formulation parameters (Figure 2A). 
This formulation includes penetration 
enhancers, which improve permeability as the 
drug penetrates the upper layers of the skin. 
By making further modifications to 
diffusivity and partitioning in stratum 
corneum and sebum, which directly contact 
the vehicle, the simulated profile was able to 
match the experimental data without making 
any changes to drug disposition parameters in 
the deeper skin layers (Figure 2B). 
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Fig. 1: Plasma concentration-time profile after emulgel 
administration, experimental data from Nivsarkar et al 
(converted to diclofenac concentration) compared to simulated 
results. 

 

 

 
 
Fig. 2: Plasma concentration-time profile after administration of 
QPS solution, experimental data from Nivsarkar et al (converted 
to diclofenac concentration) compared to simulated results (A) 
without including effects of penetration enhancers, and (B) with 
effects of penetration enhancers. 

 
Topical formulations commonly include 
penetration enhancers to overcome the barrier 
properties of the stratum corneum. There has 
been some exploration of the quantitative 
effects of these enhancers on skin 
penetration7. However, the quantitative 
effects of these enhancers on stratum 
corneum properties such as diffusivity and 

partitioning has not been explored across a 
wide range of penetration enhancers, and 
there has been little consideration of their 
potential effects on other parts of the skin 
surface such as sebum, sweat glands, and hair 
which may also influence absorption. 
Computational modeling can be used to 
distinguish these effects in different 
formulations. 
 
CONCLUSIONS 

The TCAT™ module of GastroPlus™ can be 
used to model the disposition of drug in skin 
and absorption into systemic circulation. It 
can quantify the effects of formulation 
changes on drug absorption, including the 
effects of penetration enhancers on the upper 
layers of the skin. 
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INTRODUCTION 

Bicalutamide (BCL) is a non-steroidal 
antiandrogenic drug used in prostate cancer 
treatment. Because of poor water solubility 
(below 3.7 mg/L) and high membrane 
permeability (logP=2.92) it is assigned to 
class II according to BCS. Moreover, it is 
known to exhibit polymorphism as two forms 
- polymorph I and II have been already 
identified. While the crystalline form I, 
already marketed, is more stable, it is 2.4-
times less soluble in water than metastable 
form II. Amorphous BCL shows enhanced 
solubility, however it crystallizes 
spontaneously to form II. Thus, stabilization 
of such form is of crucial importance in drug 
development process (1,2).  
The aim of the present study is to improve the 
solubility of BCL by supercritical CO2 
technology (scCO2) and high energy ball 
milling process with hydrophilic polymers.  
 
MATERIALS AND METHODS 
 

Materials 
Bicalutamide (BCL, HyperChem, China) was 
used as model drug and PVP K29/32 
(Ashland, USA) was used as carrier. Sodium 
lauryl sulfate (SLS, BASF, Germany) was 
used as a medium in dissolution study. 

Methods 
Ball milling. Bicalutamide was mixed with 
PVP in 1:1 (w/w) ratio and milled at room 
temperature using high energy planetary ball 
mill Pulverisette 7 (Fritsch, Germany). The 
zirconium milling jars (45ml) and 
7 zirconium balls were used. The process was 
conducted as follow: 15 or 35 grinding 
cycles, 400 rpm, grinding time 20 min, pause 
time 10 min, reverse. 
Supercritical fluid technology (SCF). BCL 
and carrier (1:1 w/w ratio) were loaded into 
a high pressure reactor BR-300 (Berghof 
Products+Instruments GmbH, Germany) 
equipped with a magnetic stirrer MR Hei-
Standard (Heildolph Instruments, Germany) 
and a thermocouple. Carbon dioxide was 
pumped and compressed into the reactor by 
syringe pump SFT-10 (Supercritical Fluids 
Technologies Inc., USA). Process parameters 
- temperature, pressure and mixing speed 
were monitored during process. 
Scanning electron microscopy (SEM). 
Morphological characterization of samples 
was conducted using Phenom Pro desktop 
microscope (PhenomWorld, Nederlands). 
Differential scanning calorimetry (DSC). 
The measurements were performed using 
Mettler–Toledo DSC 1 STARe System 
(Switzerland) equipped with HSS8 ceramic 
sensor having 120 thermocouples and liquid 
nitrogen cooling station. The samples were 
measured in an aluminum crucible (40 μL). 
All measurements were carried out with 
heating rate equal to 10 K·min-1. 
X-ray diffraction (XRD). The experiments 
were carried out at ambient temperature using 
X-ray diffractometer Rigaku Mini Flex II 
(Japan) with 5° min–1 step.  
Dissolution studies. Dissolution rate studies 
of BCL were carried out according to method 
recommended by the FDA for BCL tablets 
(1000 mL of 1% SLS, 37±0.5°C, 50 rpm) in 
the pharmacopeial paddle dissolution 
apparatus Vision Elite 8  
(Hanson Research, USA) equipped with 
VisionG2 AutoPlus Autosampler. The 
samples of solution were collected at 
predetermined intervals, filtered and analyzed 
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spectrophotometrically at 272 nm (Shimatzu, 
UV-1800, Japan). All tests were carried out in 
triplicate.  
 
RESULTS AND DISCUSSION 

The results of the studies have demonstrated 
that mechanical activation of BCL leads to its 
amorphization. SEM images show that 

milling results in reduction of 
the size of BCL particles 
(Fig. 1). Crystalline form 
dominates when BCL was 
milled alone while grinding 
with hydrophilic polymers 
leads to formation of 
amorphous BCL. 
 

 
Fig. 1: SEM images of BCL milled alone 
(A) and with PVP (B). 
 

 
From DSC studies it was confirmed that 
grinding of BCL with PVP leads to formation 
of pure amorphous phase. BCL processed 
with PVP using supercritical CO2 was 
partially crystalline while BCL milled alone 
melted at 195 ̊C (Fig. 2).  
 

 
Fig. 2: DSC curves of milled BCL and BCL-PVP. 
 
 

Depicted in Fig. 3 XRD pattern is 
characterized by broad amorphous hallo and 
no sharp Braggs peaks were observed 
confirming that BCL milled with PVP is 
indeed amorphous.  
The dissolution profiles of BCL varied 
depending on method of preparation.  

 
Fig. 3: X-ray diffraction pattern for BCL milled with PVP.  
 

While only c.a. 8% of pure drug dissolved 
after 1 hour, 2-fold increase was observed for 
milled BCL. At the same time the amounts of 
dissolved drug from co-milled and scCO2 
BCL-PVP samples were approx. 11-fold and 
8-fold grater, respectively, as compared to the 
pure drug (Fig. 4).  
 

 
Fig. 4: Dissolution profiles of BCL milled with different 
excipients.  
 

CONCLUSIONS 
The present work has demonstrated that high 
energy ball milling process considerably 
improves the dissolution rate of BCL in the 
presence of PVP. It confirms that stabilization 
of amorphous form of drug by polymeric 
excipients is crucial in order to achieve 
enhancement in solubility and, thus, in 
bioavailability of drug.  
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INTRODUCTION 

Pharmaceutical pellets are usually coated and 
the function of the coating is dependent on its 
thickness. In order to study the performance 
of a coater and the influence of coating 
process parameters, a method, which can 
analyse a large number of coated particles fast 
is required.  
The aim was to develop a colour based 
method for evaluation of pellet coating 
thickness, employing a computer scanner and 
image analysis. The method should analyse 
particle size and colour of large number of 
pellets (10 000) in short amount of time (10 
min). Using this approach, it would be 
possible to detect even small differences in 
mean coating thickness as well as per particle 
uniformity of coating thickness for pellets 
coated using two different fluid bed coaters. 
 
MATERIALS AND METHODS 
 

Materials 
Pellets (Cellets 700, sieved fraction 800 - 900 
μm) were coated with transparent dispersion 
containing 8.00 % HPMC (Pharmacoat 606), 
1.00 % PEG 6000 and 1.09 % colorant 
(Tartrazine). 

Methods 
Coating of pellets was performed using two 
different Wurster type coaters - Glatt GPCG 1 
and its swirl enhanced modification (1) at 
three different air flow rates (105, 130 and 
156 m3/h) and two gaps between distribution 
plate and the Wurster draft tube (10 and 20 
mm). 1000 g of coating solution was sprayed 
on 1 kg of pellets at a spray rate of 10 g/min. 
A computer scanner (Epson Perfection V700) 
was used for the image acquisition of pellets. 
Scans were performed at resolution of 1200 
dpi (pixel size approximately 20 µm) and 48 
bit colour depth (16 bit per colour channel). 
All colour correction in scanner software was 
disabled and a three minute delay was used 
between image acquisitions. Image 
acquisition was performed with scanner open, 
so the images contained coloured spots with 
high luminance on a dark background, thus 
enabling easier segmentation and colour 
analysis (Fig 1). 
 

 
 
Fig. 1: Sample pellets image obtained using scanner. 

 
Colour analysis was done in HSV colour 
space, where H (Hue) channel was the 
parameter of interest. Median hue value of all 
pixels belonging to individual pellet was 
recorded and used in calculation of coating 
thickness. The diameter of pellet was 
calculated as circle equivalent diameter 
(CED). In order to correlate hue to the coating 
thickness, 12 pellet samples with average 
coating thicknesses from 1 to 33 μm were 
analysed. Three pellet subsamples were taken 
from each sample and scanned separately. 
Subsamples were afterwards dissolved in 
water and analysed using UV-VIS 
spectroscopy. 
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A correlation between pellet size and its 
coating thickness was performed for all 
coating experiments by fitting the data to a 
power law function: t = k (CED)n, where t is 
coating thickness, while k and n are fitting 
parameters. In case where coating thickness is 
independent of particle size, the value of n is 
0. 
 
RESULTS AND DISCUSSION 

A third order polynomial was fitted to the 
calibration data points (Fig. 2) with a R2 of 
0.999. This correlation was used to evaluate 
coating thickness of all pellet samples based 
on their colour hue. 
 

 
Fig. 2: Colour calibration curve. 

 
 
The range of coating thickness variability for 
samples coated using conventional Wurster 
coater was from 8.74 % to 10.96 % and the 
range of n parameter was from 0.49 to 0.99 
(Fig 3). These n parameter values indicate 
that larger particles have thicker coating. 
 

 
 
Fig. 3: Coating thickness trend for pellets coated using classical 
Wurster coater at 10 mm gap and air flow rate of 105 m3/h. The 
value of n parameter was 0.99. 

 

The range of coating thickness variability for 
samples coated using swirl Wurster coater 
was from 7.88 % to 9.24 % and the range of n 
parameter was from -0.25 to 0.08 (Fig 4), 
indicating no significant size dependence. 
 

  
 
Fig. 4: Coating thickness trend for pellets coated using swirl 
Wurster coater at 10 mm gap and air flow rate of 105 m3/h. The 
value of n parameter was -0.17. 

 
CONCLUSIONS 

A fast and accurate method for simultaneous 
determination of pellet size and their coating 
thickness was developed. Method was used to 
evaluate the performance of two different 
pellet coaters. Swirl enhanced coater yielded 
in lower coating variability and no particle 
size dependence. 
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INTRODUCTION 

Electrospraying and electrospinning are 
important top-down electrohydrodynamic 
(EHD) processes in fabricating polymeric 
nanoscale (or microscale) preparations for 
pharmaceutical and biomedical applications. 
It is well-known that various process 
parameters in both of these EHD processes, 
such as electric field strength, flow rate, 
needle diameter and distance to collector, can 
significantly affect the formation of final 
nano- and micro-particles/ fibers (1,2). To 
date, only a limited number of techniques are 
available to monitor the spraying/ spinning 
step of these processes. Furthermore, only 
little is known on the behavior and properties 
of the electro-sprayed/spun droplets/jet, and 
the factors affecting the 
electrospraying/spinning performance.  
The aim of the present study was to 
investigate the applicability of diode laser 
illumination (HiWatch) as a novel technique 
for the high-speed imaging and monitoring of 
polymer solution droplets/jet produced in an 
EHD process. Special attention was paid to 
the effects of spraying/spinning flow rate, and 

the type and amount of polymer on the 
velocity and size distribution of droplets/jet.  
 

MATERIALS AND METHODS 

Materials 
For EHD nanofabrication, two solutions of 
polymers were prepared. The solution I, was 
composed of polyvinylcaprolactam (PCL, 
Sigma Aldrich, MW 80 000) and 
polyvinylpyrrolidone (PVP90, BASF) 
dissolved in the binary mixture of chloroform 
and methanol at a volume ratio of 3:1. The 
solution II was prepared by dissolving only 
PVP90 in methanol. The exact compositions 
of the used solutions are shown in Table 1. 
 
Tab. 1: Composition of the polymeric solutions used for the 
electrohydrodynamic (EHD) nanofabrication experiments. 
 

ID PCL 
PVP 
90 

Chloroform Methanol 

I 80 mg 24 mg 6 ml 2 ml 

II 0 mg 
240 
mg 

0 ml 5 ml 

 
Methods 
Electrospraying/spinning experiments were 
carried out using an ESR200RD robotized 
electrospinning system (NanoNC, Korea). 
The ES experiments were carried out at 
different process conditions (flow rate, 
voltage) in order to see the effect of these 
parameters on the processing and the 
morphology of the final nanomaterials (Table 
2). The distance between the syringe tip and 
the collector was 10 cm.  
 
Tab. 2: Levels of the electrohydrodynamic (EHD) process 
parameters used in the experiments. 
 

Exp. Voltage (kV) Flow rate 
(ml/h) 

Solution I 

IA 5.6 1 

IB 10.5 1 

IC 10.5 5 

ID 10.5 20 

Solution II 

IIA 5.1 0.5 

IIB 7.7 0.5 

IIC 10.7 0.5 

IID 10.7 5 
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The droplet velocity and size distribution 
were measured by a diode laser stroboscope 
and CCD camera system designed for high 
speed imaging measurements (HiWatch, 
Oseir Ltd., Tampere, Finland) (Figure 1). 
 

 
 
Fig. 1: Experimental setup of the droplet/jet velocity and size 
distribution measurement system for an electrospraying/ 
spinning process equipped with a diode laser based stroboscope 
designed for high speed imaging.  
 
The morphology of the final nano-structures 
was studied by scanning electron microscopy, 
SEM (NanoSEM 450, FEI Corp., USA). 
 
RESULTS AND DISCUSSION 

High-speed imaging of the droplet/jet in the 
spraying/spinning phase of the EHD 
nanofabrication process was successfully 
carried out with a diode laser illumination 
technique. The measuring system provides a 
feasible tool to monitor the present 
nanofabrication process.    
The two EHD process variables studied 
(voltage and flow rate) were shown to have a 
significant influence on the final properties of 
the nanostructures. As shown in the SEM 
images (Figure 2), the application of Solution 
I resulted in nanoparticles. Higher utilized 
voltage levels raised the nanoparticle density 
on the collector. Increasing the flow rate in 
the EHD process obviously magnified the 
single droplet size. As expected, solution II 
gave the nanofibers, but with bead-like 
structured defects. Here, increasing the 
voltage resulted in a smaller fiber diameter.

 
 
Fig. 2: The SEM micrographs of nanostructures obtained in the 
EHD process. Key: Solution I (left, IA to ID) and Solution II 
(right, IIA to IID). Reference is also made to Table 2. 
Magnification 1000×. 

 
CONCLUSIONS 

Diode laser illumination technique (HiWatch)  
can be applicable in a real-time monitoring 
and diagnostics of the EHD nanofabrication 
processes. Changes in some key EHD process 
parameters result in nanoparticles/fibers with 
different morphological characteristics. Too 
high flow rate causes bead-like defects within 
nanofibrous mats. 
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INTRODUCTION 

Etoposide is a topoisomerase II inhibitor 
anticancer drug and has significant 
therapeutic activity for different types of 
cancer, especially for small cell lung cancer 
(SCLC). It is available in both intravenous 
and oral formulations. Despite the common 
advantages of the oral formulations compared 
to intravenous formulations, the later have 
been used more extensively due to 
presumably less variable drug exposure (1). 
The aim of the present study was to compare 
the variability of etoposide pharmacokinetics 
after intravenous and oral administration in a 
group of SCLC patients. We focused on the 
comparison of the between subject variability 
(BSV) and between cycles variability (BCV) 
of the area under the plasma concentration 
(AUC) between the two routes of 
administration. 
 
MATERIALS AND METHODS 

Patients and study design 
Patients received a standard chemotherapeutic 
regimen of etoposide and platinum compound 

without any concurrent irradiation. They 
received up to a maximum six cycles of 
etoposide combined with either cisplatin or 
carboplatin. In the first cycle planned dose of 
etoposide was of 100 mg/m2 body surface 
area intravenously on day 1 through day 3, 
while intravenous planned dose of cisplatin or 
carboplatin was administered on day 2. In the 
second and the following cycles etoposide 
was administered orally. The initial oral dose 
of etoposide was twice the intravenous dose 
given in the first cycle assuming 
bioavailability (F) 0.5. This dose was used in 
maximum two cycles. In subsequent cycles 
oral dose of etoposide was individualized 
according to bioavailability estimates from 
preceding cycles targeting AUC from the first 
cycle with intravenous dosing. Bioavailability 
was estimated in individual patient using a 
Bayesian approach based on two-
compartment limited sampling model using 
ADAPT 5 software. 

Blood sampling and bioanalytical assay 
A maximum 3 samples on day 1, 2 and 3 of 
each chemotherapy cycle were collected. 
Plasma etoposide concentrations were 
measured by a high-performance liquid 
chromatography with fluorescence detection 
(2). 

Population pharmacokinetic modelling and 
simulation scenarios 
Population pharmacokinetic parameters of 
etoposide were estimated using NONMEM 
software. Based on previous studies with 
etoposide, the structural model used was a 
two-compartment model with first-order 
absorption and elimination. Exponential 
variance model was used to describe BSV and 
BCV. A simulation based approach using the 
final model was applied to quantify BSV and 
BCV of AUC. The final population 
pharmacokinetic model was used for Monte 
Carlo simulation of a virtual pharmacokinetic 
study. AUC in each cycle was calculated 
based on applied dose on the first three 
consecutive days of each cycle and simulated 
individual pharmacokinetic parameters. Five 
different etoposide dosing regimens were 
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evaluated, i) standard intravenous dosing 100 
mg/m2/day, ii) intravenous dosing 100 
mg/m2/day adjusted to serum creatinine (SCr), 
iii) oral dosing 200 mg/m2/day (assuming F= 
0.5), iv) oral dosing 250 mg/m2/day 
(assuming F= 0.4), and v) oral dosing 250 
mg/m2/day (assuming F= 0.4) and adjusted 
for SCr. In accordance with the standard 
dosing recommendations, in regimens i, iii, 
and iv etoposide dose was reduced to 75%, if 
creatinine clearance was less than 50 mL/min.  
 
RESULTS AND DISCUSSION 

A total of 20 SCLC patients who received 87 
chemotherapy cycles were included in the 
study. In 20 cycles etoposide was 
administered intravenously and in 67 cycles it 
was administered orally. 
A two-compartment linear model adequately 
described the data. Typical value of etoposide 
clearance was 1.89 L/h with BSV 12.2% and 
BCV 13.5%. Bioavailability after oral 
administration of on the first day of the cycle 
was estimated at 0.356 (BSV 0.072 and BCV 
0.077). 
Of all tested covariates we have found a 
significant effect of SCr on etoposide 
clearance and the relationship was best 
described by linear model. Our model 
predicted a decrease in etoposide clearance by 
0.432% per 1 mol/L deviation from a typical 
serum creatinine concentration of 80 mol/L. 
Additionally we have found a significant 
increase in F on day 2 (0.434) and on day 3 
by 0.429 in comparison with dosing on day 1, 
presumably due to administration of platinum 
compounds on day 2, which is associated 
with nephrotoxicity.  
The geometric mean AUC of intravenously 
administered etoposide achieved after 
standard intravenous dosing (regimen i) was 
315.78 mgh/L. When SCr was taken into 
consideration (regimen ii) the AUC slightly 
dropped to 311.49 mgh/L. After oral 
administration of etoposide (regimen iii) the 
geometric mean AUC was 252.41 mgh/L. 
Assuming that oral bioavailability is 0.4 
(regimen iv) geometric mean AUC was 

313.19 mgh/L. The AUC slightly decreased 
to 308.22 mgh/L when also SCr was taken into 
consideration (regimen v). It was previously 
reported that overall survival is significantly 
longer in patients with AUC >254.8 mgh/L 
(3). In comparison with oral administration, 
percent of patients with better options for 
effective treatment was higher after 
intravenous etoposide administration. The 
variability of AUC with oral dosing (BSV 
24.6%, BCV 22.4) was approximately 1.5-
fold higher compared to variability after 
intravenous administration (BSV 19.5%, 
BCV 14.1%). Among all tested regimens, 
intravenous regimen is recommended due to 
higher probability for effective treatment and 
lower variability. Our simulations confirm 
that the reduction of variability in AUC is 
only minor, when the etoposide dose is 
individualised based on serum creatinine 
concentration. This implies that the 
recommended dose reduction to 75% in 
patients with creatinine clearance less than 50 
mL/min is adequate. 
 
CONCLUSIONS 

Intravenous administration of etoposide is 
more effective and less variable than oral. 
Within intravenous and oral etoposide 
regimens dose reduction to 75% in patients 
with creatinine clearance less than 50 mL/min 
is recommended. There is only minor 
decrease in variability of etoposide exposure 
with further dose adjustment based on 
measured serum creatinine.  
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INTRODUCTION 

An amphiphilic prodrug of gemcitabine 
(Gem) has been synthesized by its covalent 
conjugation to the squalene (SQ), a natural 
lipid, precursor in the cholesterol biosynthesis 
(1). This bioconjugate spontaneously self-
assembled in water in form of nanoparticles 
(NPs), which revealed higher anticancer 
activity in various tumor models in vivo 
compared to the free drug (2). However, in 
absence of any specific ligand targeted 
towards cancer cells, the exact mechanism 
behind this improved anticancer activity 
appears quite puzzling. 
Recently obtained results have demonstrated 
that the SQGem bioconjugates are taken and 
transported in the blood stream via low-
density lipopoproteins (LDL) (main 
cholesterol transporters in humans), probably 
as a consequence of the lipid nature of 
squalene and its structural similarity with the 
cholesterol. 
Several studies provided evidence that cancer 
cells, more than healthy ones, possess high 
receptor-mediated uptake of LDL particles 
thus making LDL a potentially powerful tool 

for the delivery of anticancer drugs to 
malignant cells (3). In this study the potential 
role of the interaction between SQGem and 
LDL in the cellular uptake and the anticancer 
activity of the SQGem NPs has been 
investigated.  
 
MATERIALS AND METHODS 

SQGem nanoparticles: formulation and 
characterization  
SQGem NPs were prepared by 
nanoprecipitation. Briefly, SQGem was 
dissolved in 500 µL of ethanol and added 
dropwise to 1 mL of MilliQ® water under 
magnetic stirring. After solvent evaporation 
under reduced pressure, an aqueous 
suspension of NPs was obtained. Size and 
polydispersity index of NPs were determined 
by dynamic light scattering. Similarly, 
radiolabeled NPs were prepared by adding 
3H-SQGem to the ethanolic SQGem solution. 
 
In vitro studies 
The cytotoxicity of SQGem NPs and free 
Gem was evaluated on different cancer cell 
lines (A-549, SK-OV-3, MCF-7 and MDA-
MB 231) using the MTT test. The expression 
of LDL receptors (LDLR) was determined by 
Western blotting. The cellular uptake of 3H-
SQGem NPs and free 3H-Gem was evaluated 
in different experimental conditions: 1) FBS 
(fetal bovine serum) 3) cell starvation in LP- 

deficient serum (LPDS) 4) pre-incubation 
with an excess of LDL.  
 
In vivo studies  
Athymic Nude mice were fed with either (i) 
chow diet containing a standard amount of 
cholesterol (NC) or (ii) diet rich in cholesterol 
(2%) (TD.01383, Harlan Teklad diets) (RC) 4 
weeks prior to tumor cells injection. Blood 
was collected by facial vein bleeding and 
cholesterol dosage was performed using 
enzymatic essay (Cerba laboratory, France). 
Cancer cells were injected subcutaneously in 
the upper right flank of mice to develop a 
solid tumor model (5x106 cells/mouse).When 
the tumors reached around 100 mm3 in 
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volume, mice were treated with 3H-SQGem 
NPs at dose of 5mg/kg eq. Gem. After 6h, 
mice were sacrificed, tumors collected and 
the radioactivity was measured using liquid 
scintillation counting.  
 
RESULTS AND DISCUSSION 

Western blot results revealed that the highest 
expression of LDL receptors was in human 
breast carcinoma epithelial cells (MDA-MB 
231). In addition, among the 4 investigated, 
this cell line only, displayed higher sensitivity 
to SQGem NPs in comparison to the free 
Gem (IC50: 1500 nM vs 6200 nM). These 
results suggested the implication of LDLR 
expression in the pharmacological activity of 
SQGem NPs. The implication of LDLR was 
further confirmed in the uptake studies. An 
increase in LDLR expression (after cell 
starvation in LPDS) enhances the uptake of 
3H-SQGem NPs while a significant decrease 
in NPs uptake was observed after the LDLR 
saturation with an excess of LDL (Fig.1). 
Both conditions did not affect the uptake of 
the free drug.  
Accordingly, two breast cancer cell lines with 
high (MDA-MB 231) and low (MCF-7) 
LDLR expression have been chosen for an in 
vivo uptake study. The RC diet resulted in 
augmentation in blood LDL cholesterol level 
in mice compared to the NC diet (0.72 vs 0.44 
mmol L-1). Hence, more LDL particles were 
available for the interaction with SQGem in 
vivo. At 6h post administration, the highest 
amount of 3H-SQGem was measured in tumor 
xenografts originating from MDA-MB-231 
cells (Fig. 2). The increase in SQGem uptake 
in tumor tissue with the highest LDLR 
expression seems to confirm the hypothesis 
that this interaction between SQGem and 
LDL particles could have an important 
implication in the anticancer efficacy of 
SQGem NPs.  
Endogenous LDL may act as a “second” 
carrier of SQGem in the blood circulation, 
thus allowing the SQGem molecules to be 
transported preferentially toward the cancer 
cells without the need of any targeting ligand.  
 

 
Fig.1 SQGem NPs and Gem uptake in MDA-MB-231 cells 
 

 
Fig.2 In vivo SQGem NPs tumor uptake t=6h 

 
CONCLUSIONS 

In the present study, it was demonstrated that 
the interaction between SQGem and LDL has 
an important implication in the uptake and 
cytotoxicity of SQGem NPs. This original 
approach, based on the natural behavior of 
squalenoylated bioconjugates in a complex 
biological environment, could avoid the hard 
and time consuming preparation of LP-based 
nanocarriers, thereby representing a novel 
strategy in the nano-oncology field. 
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INTRODUCTION 

Challenging drug molecules from the research 
pipeline and formulation development 
towards more complex drug delivery systems 
necessitate advanced analytics for 
visualization with a focus on compound 
distribution, drug recrystallization, and 
elucidation of drug release mechanisms. 
In this study, we apply a complementary 
setup combining confocal Raman microscopy 
(CRM) and optical topography for a non-
invasive investigation of different solid 
dosage forms (tablets and pellets) (1, 2). As 
each pharmaceutical compound has a specific 
Raman spectrum, based on its molecular laser 
light scattering, CRM allows for chemically 
selective and label-free analysis of both, API 
and excipients. With the information gained 
using CRM, rational development of complex 
drug delivery systems can be facilitated. 

MATERIALS AND METHODS 

I) Preparation of solid dispersions and 
tablets 
Solid dispersions (aprepitant:Soluplus® and 
aprepitant:PVP) were prepared by spray 
drying, using a solvent evaporation method 
(drug:polymer 1:3 w/w, on a dry basis). 
Subsequently, the spray-dried granules were 
compressed to tablets. 
 

II) Preparation of coated pellets 
Starter cores based on lactose and 
microcrystalline cellulose (MCC) loaded with 
verapamil (10% w/w) were prepared by 
extrusion-spheronization. Coating of the 
pellets was performed in a fluidized bed setup 
with Kollicoat SR®: Kollicoat IR® 90:10 
(w/w) mixture. 
 

Characterization of solid state and 
dissolution imaging by CRM 
CRM and optical topography measurements 
were performed using a WITec alpha 300R+ 
instrument (WITec GmbH, Ulm, Germany) at 
excitation wavelengths of 532 and 785 nm, 
operated at a laser power of 10-50 mW with 
an integration time ranging from 0.1 s to 0.5 s 
every 2-10 µm along the x- and y-axis. For 
imaging during release testing, tablets were 
analysed directly in the aqueous medium. All 
spectra were background subtracted, 
normalized to the most intense peak and 
converted into false-color images. 
 

RESULTS AND DISCUSSION 

I) Drug release from the Soluplus® matrix 
(140mg tablet mass, 25% drug load) was slow 
but steady, while after approx. 480 min 
aprepitant precipitates from the PVP matrix 
(Fig 1.).  

 
Fig. 1: Release profiles of aprepitant from tablets compressed of 
spray-dried particles (aprepitant:Soluplus® and aprepitant:PVP) 
(1). 
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The release of the API from the polymer 
matrix is higly influenced by polymer 
swelling and gel layer formation. In order to 
preserve intactness of the gel-layer during the 
analysis, we applied virtual cross section 
imaging (x/z scans) with around 100 µm 
depth (1). 
The aprepitant:Soluplus® formulation exhibits 
a continuous release with no phase separation 
and drug precipitation (Fig. 2A). It seems that 
the high complexation effect of Soluplus 
serves as a crucial factor for stabilization of 
the amorphous drug. In comparison, the 
aprepitant:PVP formulation shows a rather 
different release mechanism. Firstly, due to 
the good affinity of PVP to water, the 
polymer dissolves very fast from the matrix, 
thus a highly hydrated gel layer is formed on 
the surface. However, after approx. 30 
minutes, the drug (depicted in pink) 
recrystallizes under a viscous PVP layer 
(depicted in light blue), on the surface of the 
tablet (Fig. 2B). 
 

  
 
Fig. 2: Virtual cross sections (x/z scans) of the 
aprepitant:Soluplus® (A) and aprepitant:PVP (B) tablet 
formulations during dissolution. The gel layer is depicted in light 
blue, the crystalline drug in pink and the inner tablet in blue (1). 

 
II) Excipients forming the matrix (depicted in 
blue), drug (depicted in red), and film coating 
(depicted in yellow) were successfully 
differentiated and visualized based on the 
individual Raman peak patterns with high 
spatial resolution after bisectioning (Fig. 3A).  
In order to overcome problems with invasive 
sectioning, we non-invasively analyzed intact 
pellets (x/y scans) as well as virtual cross 
sections (x/z scans) down to a depth of 100 
µm within the pellet. Depending on the depth 
of the scan, the film coating as well as the 

matrix with embedded drug particles could 
successfully be visualized. 

 
Fig. 3: False color Raman images of pellet cross sections before 
(A) and after dissolution testing (B). The matrix is depicted in 
blue, the film coating in yellow and the drug in red, respectively 
(2). 
 
As a next step, the distribution of the 
compounds after dissolution testing was 
visualized to gain deeper and spatially 
resolved insight into release processes and 
changes within the coating upon contact with 
the dissolution medium (Fig. 3B). Raman 
images of the outer surface as well as virtual 
cross sections of the pellets enabled the 
visualization of the pores in the coating film 
and diminishing of the drug upon dissolution 
which is in a good correlation with the 
hypothesis that Kollicoat IR® (excipient with 
immediate release kinetics) plays a role in 
pore formation and drug dissolution kinetics 
(2). 

 
CONCLUSIONS 

CRM is an upcoming technique for in situ 
characterization and elucidation of complex 
drug release mechanisms from a wide range 
of pharmaceutical solid dosage forms. The 
technique shows a great potential to guide 
rational development of novel delivery 
systems. 
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INTRODUCTION 

Multiparticulate dosage forms are a recent 
strategy to meet the special needs of children, 
elderly people and patients suffering from 
dysphagia. Our study presents a novel and 
cost-efficient approach for the manufacturing 
of a taste-masked multiparticulate system 
with a stable immediate release profile by 
applying lipid-based excipients in a solvent-
free hot melt coating process [1]. Therefore, a 
unique combination of tripalmitin and 
polysorbate 65 was developed [2]. 
 
MATERIALS AND METHODS 

The thermosensitive N-ac, exhibiting an 
unpleasant sour taste, was selected as the 
model drug for this study. 
 

Materials 
N-ac was purchased from PharmaZell GmbH 
(Raubling, Germany). The coating material 
tripalmitin (Dynasan 116) was kindly 
provided by Cremer Oleo Division (Witten, 
Germany) and polysorbate 65 (Tween165) 
and Brij130 were obtained from Croda GmbH 
(Nettetal Kaldenkirchen, Germany). 
Hydrochloric acid 37%, HPLC grade 
acetonitrile and phosphoric acid 85% were 

purchased from Sigma–Aldrich (Steinheim, 
Germany) and Sorbitol Parteck Si 150 from 
Merck KGaA (Darmstadt, Germany). 
 

Methods 
Fluid bed hot-melt spray coating was chosen 
as the manufacturing method for coating 
particles in order to produce drug-loaded 
microparticles. In this study, the fluid bed hot 
melt coating was performed using an Innojet 
Ventilus V-2.5 laboratory fluid bed device 
with an IHD-1 hot melt device (Romaco 
Innojet GmbH, Steinen, Germany) using a 3 
L metal container. 
The dissolution profile of the hot-melt coated 
N-ac particles was analyzed with an USP 2 
offline system (Erweka, Heusenstamm, 
Germany). 
In vitro taste masking was caused by the 
initial drop of pH due to the N-ac released 
from the coated particles.  Therefore, a certain 
amount of the coated material (equivalent to a 
single dose of 600 mg N-ac) was added to 
100 mL of an aqueous solution of 1% Brij 30 
(w/w) in a 200 mL glass beaker. The 
suspension was stirred on a magnetic stirrer 
(IKA-Werke GmbH & Co. KG Staufen, 
Germany) at a fixed speed. The pH was 
recorded over a time of 3 min in 5 s intervals 
using a pH-meter (Carl Roth GmbH & Co 
KG, Karlsruhe, Germany). 
The in vivo taste masking was investigated  
with 19 healthy volunteers aged from 20 to 50 
with approval by the Ethics Committee of the 
Medical University of Graz. The sour taste of 
every N-ac solution was determined by the 
panel over 60 s and rated with a number from 
1 (“no sour taste”) to 5 (“unpleasant”). 
 
RESULTS AND DISCUSSION 

A predictive in vitro method for the 
evaluation of the taste masking efficiency was 
developed based on the deprotonation of the 
carboxyl group of N-ac and the decline of pH, 
responsible for the unpleasant sour taste of 
the compound. The method was confirmed 
using an in vivo taste masking study. 
Differential scanning calorimetry and X-ray 
scattering experiments revealed polymorphic 
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transformation and its dependency on 
transformation time, temperature and 
emulsifier concentration. During the process, 
the coating was transformed almost 
completely into the stable -polymorph, 
leading to an unaltered dissolution profile 
during storage. A statistical design (DOE) 
was conducted that revealed the critical 
process parameters affecting the drug release 
and taste masking efficiency (see Fig. 1 and 
2). 
 

 
 
Fig. 1: Stability study of the release profile of hot-melt coated N-
ac particles over 6 months under different storage conditions (a) 
25 °C/60% r.h. (b) 30 °C/65% r.h. (c) 40 °C/75% r.h [2]. 

 

 
 
Fig. 2: First and unpleasant sour taste for an optimized hot-melt 
coated sample (DOE #05) [2]. 

 
CONCLUSIONS 

In this work, solvent free hot-melt coating 
was successfully applied for producing stable 
microparticles with an advanced in vitro 
performance. In vivo studies with 19 
volunteers showed promising results with 
regard to the taste masking efficiency in 
particular for formulations comprising a 
lower content of polysorbate and in general a 
higher coating amount. 
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INTRODUCTION 

Heparin is widely used for treatment and 
prevention of thromboembolic diseases. Due 
to specific physicochemical properties it 
requires frequent parenteral injections as it 
has short half-life and low bioavailability. 
There is an urgent need for less frequent 
heparin injections, followed by longer 
duration of therapeutically effective drug 
plasma concentration and thus improved 
patients' quality of life. 
The goal of this study was the design and in 
vitro and in vivo evaluation of a delivery 
system for the subcutaneous sustained release 
of heparin. The delivery system consisted of 
thermoresponsive in situ forming poloxamer 
hydrogel combined with heparin/chitosan 
nanocomplexes (Hep/Ch NC) (1). 
 

MATERIALS AND METHODS 

Materials 
Heparin Braun® 5000 IU/ml sodium salt (B. 
Braun Melsungen AG), chitosan 
hydrochloride (Kraeber&Co GmbH, MW 30–
400 kDa, DD 87.2%), Lutrol® F127 
(Poloxamer 407, P407, Colorcon), Azure A 
chloride (Sigma-Aldrich). 
 

Hep/Ch NC preparation and 
physicochemical characterization 
Hep/Ch NC dispersions with mass ratio 
Hep:Ch 1:1 and Hep concentration of 1.125 
mg/mL were prepared by polyelectrolyte 
complexation method. Ch solution was 
transferred into a glass and placed on 
magnetic stirrer (800 rpm) at room T. Then 
Hep solution was added in droplets and the 
dispersion was mixed for one hour. They 
were characterized by pH value, mean 
diameter, polydispersity index (PDI) and ζ-
potential (ZP) with a Zetasizer Nano ZS 
(Malvern Instruments). 
 

Hydrogel preparation and evaluation 
P407 was added to cold water (2), Hep 
solution or Hep/Ch nanodispersions during 
magnetic stirrer agitation and low temperature 
(10°C). Gelation temperature (Tg) was 
determined with oscillatory measurements 
with a Physica MCR 301 rheometer (Anton 
Paar, Graz, Austria), using a cone-plate 
measuring system.  
 

In vivo study 
Sprague-Dawley rats weighing 400–450 g 
were used for animal experiments. 2.5 mL of 
heparin (90 IU/mL) formulation were 
administered subcutaneously in the rat neck 
area. The animals were divided into 4 groups 
to which Hep solution (S, group I); hydrogel 
in Hep solution (F1/S, group II); hydrogel in 
Hep/Ch nanodispersion (F1/NC2, group III); 
and Hep/Ch nanodispersion (NC2, group IV) 
were injected. Blood samples were collected 
at baseline and at predetermined time 
intervals after administration  
Concentration of heparin in plasma samples 
was determined by factor Xa (FXa) 
chromogenic assay Berichrom Heparin Kit 
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(Siemens Healthcare Diagnostics Inc.) using 
Sysmex CS- 2100i analyzer (Siemens AG). 
Pharmacokinetic data were analyzed using a 
non-linear mixed effects modeling approach 
as implemented in NONMEM (3). 
 

RESULTS AND DISCUSSION 

P407 hydrogel demonstrated the gelation 
temperature of 25.1 °C and showed 4 days of 
dissolution. Hep/Ch NC which were prepared 
by self-assembly complexation method had a 
mean diameter < 400 nm and ZP > 30 mV. 
 

 
 
Fig. 1: Pharmacokinetic profiles of heparin in rats following 
subcutaneous administration of heparin solution (S), Hep/Ch NC 
(NC2), hydrogel in heparin solution (F1/S) and hydrogel in 
dispersion of Hep/Ch NC (F1/NC2).  
 

 Time course of plasma heparin concentration 
following subcutaneous administration of 
various heparin formulations is presented in 
Fig. 1. With all formulations, except heparin 
solution, two peaks were observed. The first 
peak presents the absorption rate, which is 
controlled with heparin diffusion inside the 
hydrogel and is hindered with its 
incorporation in NC2. The low secondary 
peak is presumably associated with 
dissolution of the hydrogel after 24–48 h, 
while at NC2 is associated with NC 
dissociation due to increase of pH at the site 
of administration. 
Thermoresponsive hydrogel with Hep/Ch NC 
enabled the lowest absorption rate of heparin 
from Depot 1 (Ka1-F1/NC2) into systemic 
circulation and provided heparin 
concentration above the prophylaxis threshold 
for 5 days. The absorption from Depot 2 was 

postponed for 40 h and 44 h for formulations 
with NC (tlag2–F1/NC2 and tlag2–NC2), 
while it was approximately 24 h for F1/S 
(tlag2–F1/S). 
 
Tab. 1: Estimated pharmacokinetic parameters of heparin 
following subcutaneous administration in rats. 
 

 
 
Compared to solution, bioavailability of 
heparin was improved 2–3 times with all 
three formulations (parameter fr).  
 

CONCLUSIONS 

With preclinical testing in rats we were able 
to demonstrate that the developed systems 
can provide prophylactic levels of heparin for 
several days. Based on the results of in vivo 
study it can be concluded that in situ gelling 
thermoresponsive matrix combined with 
chitosan nanocomplexes seem as an attractive 
approach for subcutaneous delivery of 
heparin, requiring less frequent administration 
during long-term treatment.  
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INTRODUCTION  
Matrix tablets with modified drug release can 
reduce variability of drug plasma concentration, 
and therefore improve therapeutic efficiency of 
drug substances with narrow therapeutic index 
and high inter-individual variability of the 
therapeutic plasma concentration [1, 2]. The 
model substance used in this paper was 
carbamazepine (CBZ) which has large percentage 
of binding to plasma proteins (80%). The 
objective was to determine the optimal 
formulation and process parameters for 
preparation of CBZ modified release tablets, 
prepared with lipid excipients, with extended 
release of the drug in a period of 12 h.   
 

MATERIALS AND METHODS 
Type of lipid excipient, diluent type and 
compression force were varied.  (Table 1.).  
 
 
 

Tab. 1: Varied parameters in experiments 

 
Two types of lipid excipients Precirol® ATO 5 
and Compritol® 888 ATO were varied, as well as 
compression force (6kN and 8kN) and type of 
diluent (Calcium-phosphate dibasic, 
microcrystalline cellulose (MCC) or Neusilin® 

UFL2. The experimental part can be divided into 
three phases which only differ in share of lipid 
excipients used in formulations prepared in 
accordance with experimental plan (Tab. 1.). 
Results for formulations from the Table 1. for the 
third set of experiments will be presented below 
(with prefix - III).   
Preparation of lipid matrix tablets 
All formulations were prepared by mixing of lipid 
excipient (5%), CBZ (30%) and diluent (65%) for 
10 minutes.  Magnesium stearate in amount of 1% 
was added, and briefly mixing was performed. 
Tableting process was done by direct compression 
on the eccentric tablet machine Korsch EKO, 
Germany, tablet mass was 450 mg and diameter 
of tablets was 13 mm. 
In vitro drug release studies 
Dissolution testing was performed in the rotating 
paddle apparatus (Erweka DT70, Germany, water, 
900ml, 50rpm, 37°С).  
 

RESULTS AND DISCUSSION 
Taking in consideration results of all three sets of 
experiments in all formulations prolonged release 
of drug was achieved. Based on the comparison of 
all three phases, conclusion can be made that the 
ability of slowing of the releasing of CBZ is 

Formulation 
Lipid excipients Diluent Compressio

n force (kN) Type Type 
F1 Precirol® ATO 5 MCC 6 
F2 Compritol®888ATO MCC 6 
F3 Precirol® ATO 5 MCC 8 
F4 Compritol®888ATO MCC 8 

F5 Precirol® ATO 5 Neuslin
®

 
UFL2 

6 

F6 Compritol®888ATO Neuslin
®

 

UFL2 
6 

F7 Precirol® ATO 5 Neuslin
®

 
UFL2 

8 

F8 Compritol®888ATO Neuslin
®

 
UFL2 

8 

F9 Precirol® ATO 5 
Calcium-
phosphate 

dibasic 
6 

F10 Compritol®888ATO 
Calcium-
phosphate 

dibasic 
6 

F11 Precirol® ATO 5 
Calcium-
phosphate 

dibasic 
8 

F12 Compritol®888ATO 
Calcium-
phosphate 

dibasic 
8 
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generally proportional to the amount of lipid 
excipients in the formulation.  
CBZ dissolution rate profiles obtained from 
formulations with 5% of lipid excipients used, 
which were the subject of examination, are given 
in Figure 1. About 80% of CBZ was released in a 
period of 12 h and on this way, acceptance criteria 
was met. Desired release profile was obtained in 
formulation III-F1 (release of 80% of CBZ in a 
period of 12 h) and in III-F2 (74% of CBZ). Both 
formulations are prepared with compression force 
of 6kN and with MCC as diluent. 
 

 
Fig. 1: Release profiles of CBZ and formulations from the third 
set of experiments. 

 
According to obtained release profiles of CBZ, 
differences between formulations with other types 
of lipid excipients were not observed.  
The most important diluent impact shows MCC. 
This could be explained by the properties of 
MCC, which allows diffusion of water into the 
pores of the matrix and consequently leads to the 
fact that more drug substance is dissolved/ 
released in a given unit of time.  
Analysis revealed that increasing of compression 
force leads to deceleration of CBZ release from 
the formulations with MCC as a diluent, 
providing prolonged release while on the other 
hand the impact of compression force on the 
release rate of CBZ from formulations with 
dibasic calcium phosphate and Neusilin® UFL2 
was not shown.  
The optimal formulation of prolonged release 
tablets of CBZ is III-F1. For this formulation 
kinetic of release of CBZ has been tested. Also, 
for formulations with results closest to fulfilling 
of the determined criteria (release of 80% of CBZ 
in a period of 12 h), release kinetic of CBZ was 
examined. All obtained results are shown in Table 2. 
Control of CBZ releasing is achieved at the level 
of deceleration of the diffusion of the drug 
substance through the lipid matrix system. 
Diffusion is a mechanism responsible for the 
release of carbamazepine according to high values 

of the coefficient of determination for Higuchi’s 
releasing model, as well as the value of the 
diffusion exponent (n> 0.5). 

Tab. 2: Release kinetic of CBZ from the selected formulations  

 

for. 

Coef. Correlation R2 for model  

n zero first Higuchi Peppas 

III-

F1 

0.8515 0.9527 0.9817 0.9836 0.3680 

III-

F2 

0.9426 0.9756 0.9891 0.9849 0.5117 

III-

F3 

0.9393 0.9637 0.9896 0.9802 0.5035 

III-

F4 

0.8562 0.9362 0.9869 0.9902 0.4020 

III-

F5 

0.8949 0.9273 0.9949 0.9914 0.4365 

III-

F6 

0.8745 0.9090 0.9922 0.9899 0.3996 

III-

F7 

0.9036 0.9269 0.9973 0.9940 0.4815 

III-

F9 

0.9192 0.9379 0.9955 0.9927 0.5091 

III-

F10 

0.9109 0.9314 0.9974 0.9955 0.4864 

 
In case that the release is strictly controlled by 
diffusion, the value of n would be 0.5, which is 
not exactly this case. The value of diffusion 
coefficient is nevertheless closer to the lower 
limit, showing that the Fick’s diffusion is 
dominant, and that the surface of the matrix does 
not change significantly, ie. that the process of 
diffusion takes place faster than the erosion 
process. 
Results indicates that the drug is released by the 
combined mechanism of Fick's and non-Fick's 
diffusion. 

CONCLUSION 
Factors with the greatest influence on the release 
rate are compression force and type of diluent. 
The optimal formulation (5% Precirol® ATO 5, 
MCC, 6 kN) has provided a continued release of 
CBZ by 80% in a period of 12 h. 
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INTRODUCTION 

Numerous approaches have been applied with 
the aim to improve bioavailability of poorly 
water soluble drugs, among which the 
liquisolid technology has been recently 
recognised as one of the most promising (1, 
2). Liquisolid systems are dry-looking, 
nonadherent, acceptably flowing and 
compressible powdered forms of liquid 
medications, i.e. liquid lipophilic drugs or 
drug solutions/suspensions (3). This 
technique involves the use of calculated 
amounts of the selected excipients referred as 
carrier and coating material that have high 
specific surface area and liquid adsorption 
capacity. Liquisolid systems should have 
good flowability and, simultaneously, good 
compression properties, if used for tablet 
production. However, most of the published 
research work is dealing only with flow 
properties of liquisolid systems. 
The aim of the present study was to evaluate 
the flowability of liquisolid admixtures and 
resistance to crushing of liquisolid compacts 

prepared with two different carriers at 
different carrier to coating ratios (R) and 
determine the optimum load factors (Lo). 
 
MATERIALS AND METHODS 

Materials 
Microcrystalline cellulose (MCC, Vivapur® 
type 101, JRS Pharma, Germany) and 
magnesium aluminometasilicate (Neusilin® 
US2, kindly gifted by Fuji Chemical Industry 
Co., Ltd, Japan) were used as carriers. 
Colloidal silicon dioxide (Aerosil® 200, 
Evonik Industries AG, Germany) was used as 
coating material and polyethylene glycol 400 
(Sigma-Aldrich, Germany) was selected as 
non-volatile liquid. 
 

Methods 
Liquisolid systems with various carrier to 
coating ratios and different amounts of PEG 
400 were prepared according to the method 
described by Spireas (3), giving a total of 28 
admixtures prepared with MCC and 24 
admixtures with Neusilin® US2. 
Liquisolid admixtures were compressed on 
eccentric tablet machine EKO Korsch 
(Korsch AG, Germany), using the flat-faced 
punches with 13 mm diameter.  
The bulk and tapped (1250 taps) densities of 
each admixture were determined using tap 
density tester STAV 2003 (J. Engelsmann 
AG, Germany). The values obtained were 
used to calculate Carr index. 
The powder flow rate was determined using 
Erweka flowmeter type GDT (Erweka 
GmbH, Germany). Measurements were 
performed in triplicates.  
Considering the liquisolid flowability test, 
admixtures with Carr index value equal or 
lower than 20%, showing consistent flow 
without any blockages, were considered to 
have an acceptable flowability. 
Tablet crushing force was determined using 
tablet hardness tester Erweka TBH 125D 
(Erweka GmbH, Germany). Ten 
determinations were carried out for each 
liquisolid admixture. 
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RESULTS AND DISCUSSION 

The influence of liquid content on flowability 
of admixtures prepared with MCC is 
presented in Fig. 1. It can be observed that 
flowability decreases with increase in R 
values. By increasing the liquid content up to 
certain level, improvements in flowability 
were achieved, which is in accordance with 
literature findings (4). At higher liquid 
content erratic flow was observed in the case 
of some admixtures. Flowable liquid-load 
factors were identified for each carrier to 
coating ratio. However, tablets with 
unacceptable mechanical characteristics were 
obtained, irrespective of the admixture 
composition.  

 
Fig. 1: The influence of liquid content on flowability of liquisolid 
admixtures prepared with MCC. 

 
The influence of liquid content on admixture 
flowability and resistance to crushing of 
liquisolid compacts containing Neusilin® US2 
as carrier is presented in Fig. 2. Considering 
the flow properties, liquid oversaturation was 
not reached even up to 67% PEG 400, which 
is the highest investigated liquid content. 
However, noticeable decrease in tablet 
crushing force was observed with increase in 
liquid content. Therefore, the compressible 
liquid-load factors were defined as optimum 
load factors and were calculated according to 
the mathematical model proposed by Spireas 
(3). Lo values were found to be in the range of 
1.00-1.25, depending on R value. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: The influence of liquid content on admixture flowability 
(a) and resistance to crushing (b) of liquisolid compacts prepared 
with Neusilin® US2. 
 

CONCLUSIONS 
Neusilin® US2 showed superior 
characteristics as carrier in liquisolid systems, 
providing both good flowability and good 
compression properties at high liquid loads.  
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INTRODUCTION 

The advantages of modern antiepileptic drugs 
are manifested in improved attack control, 
and favourable pharmacokinetic and side 
effect profiles. Lamotrigine (LAM), used as 
monotherapy for partial seizures and bipolar 
disorder, is a BCS II drug due to low 
solubility. Several technological approaches 
are described in the literature to improve its 
solubility and dissolution rate (including 
inclusion complexation, micronization (1), 
amorphi-zation, etc.). Decreasing the particle 
size to the submicron range offers new 
possibilities in drug formulation with 
improved physico-chemical properties. Nasal 
administration (2) of LAM (especially of the 
nanosized form) is an alternative approach to 
produce systemic and central effects.  
The goal of our study was to nanonize LAM 
by a co-milling procedure and to prepare a 
nasal powder. The parameters strongly 
influencing the final product’s quality were 
predicted by using a QbD-based experimental 
design and Risk Assessment. 

MATERIALS AND METHODS 

Lamotrigine (LAM) was donated by Teva 
Pharmaceutical Industries Ltd., Hungary. For 
intranasal use different additives could ensure 
a longer residence time, better mucoadhesion 
and increased permeability. Polyvinyl alcohol 
3-88 (PVA) and Polyvinylpyrrolidone (PVP) 
as water soluble synthetic polymers were 
purchased from ISP Customer Service 
GmBH, Germany. Sodium hyaluronate (HA) 
(Mw = 1400 kDa) was donated by Gedeon 
Richter Plc. (Budapest, Hungary).  
Co-grinding (R) using a Retsch PM 100 
apparatus (Germany) was applied for sample 
preparation to optimize the technological 
parameters to reach the desired particle size 
of LAM and its product (Tab. 1). 
 
Tab. 1: Composition and preparation parameters applied to 
form the desired LAM product. 

Sample Ratio 
Milling 

time 
(h) 

Rpm 

R_LAM_PVP 

2:1, 1:1, 1:2 2, 4, 6  
200, 
400 

R_LAM_PVA 

R_LAM_HA 

 
We applied the quality by design (QbD) 
approach in the pre-formulation phase (Lean 
QbD® software, QbDworks LLC, USA). The 
particle size distribution was estimated by 
laser diffraction (Malvern, Germany) and 
optical microscopy (LEICA Q500MC, 
England). For morphology analysis, SEM 
(Hitachi S-4700, Japan) with Image software 
was used. Structural characterization and 
stability were assessed by XRPD (Bruker D8 
Advance, Germany), DSC (Mettler Inc., 
Switzerland) and FT-IR (AVATAR 330, 
USA). Wettability and polarity were assessed 
by an OCA contact angle system 
(Dataphysics Inc, Germany). Solubility and 
dissolution rates of LAM at nasal conditions 
were also determined by ATI UNICAM UV–
VIS. In vitro permeability testing was 
performed using a Side-bi-SideTM horizontal 
diffusion apparatus (Crown Glass, USA). 
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RESULTS AND DISCUSSION 

As the first step of our present research the 
critical technological factors were determined 
by a QbD analyses that revealed the factors to 
have the highest influence on the final 
product’s quality. Critical process parameters 
were found to include composition 
(LAM_PVP/PVA/HA), ingredient ratios (1:1), 
milling time (2 h) and rpm (400). Pareto 
charts allowed us to rank and qualify all the 
influencing parameters. 
Co-grinding of LAM with the additives 
produced a nasal powder formulation with a 
suitable particle size (10-25 µm) containing 
120-230 nm LAM nanoparticles. Fig. 1 
represents the morphology of the 
R_LAM_PVA product, showing the 
homogenous distribution of LAM 
nanoparticles in the PVA matrix.  
 

 
 
Fig. 1: SEM picture of the R_LAM_PVA sample. 

 
Size reduction is known to affect solubility 
and wettability. In our case an increase in the 
specific surface area and the presence of 
wetting agents resulted in a 1.5-3-time-
increase in solubility. The polarity of product 
particles also improved as a result of better 
hydrophylity (Tab. 2).  
 
Tab. 2: Micrometric properties of the samples. 

Sample 
Size of 
sample 
(µm) 

Size 
of 
LAM 
(nm) 

Solubility 
in water, 
at 25°C 
(mg/mL) 

Polarity 
(%) 

LAM raw 8.27 8270 0.09 34.12 
R_LAM_PVP 13.6 121 0.28 42.45 

R_LAM_PVA 25.3 150 0.15 38.62 

R_LAM_HA 16.8 230 0.10 32.80 

In vitro drug liberation and permeation were 
tested at nasal conditions (pH 5.6, 30°C). 
Mucocilliar clearance was found to remove 
the drug from the nasal mucosa within 10-15 
min. Raw LAM particles were shown to 
allow a drug release of only 10-20%. In 
contrast, R_LAM_PVP was found to be 
characterized by prominent micrometric 
properties (Tab. 2). In vitro investigations 
have demonstrated a fast drug liberation of 
over 60% from the R_LAM_PVA product 
(Fig. 2). According to the permeability test, 
this product was characterized by the highest 
Flux and permeability coefficient values as 
well.  
 

 
Fig. 2: Dissolution profile of raw LAM and its various products 
at nasal conditions. 
 

Structural characterization of the products has 
revealed that the milling procedure did not 
change the structure of LAM, nor that of the 
additives, however their co-grinding produced 
partially amorphous products. According to 
the FT-IR spectra, decomposition was not 
detected. 
 
CONCLUSIONS 

This study illustrates that the regulatory 
science based QbD approach can be adapted 
in the early stage of the development of an 
intranasal powder containing nanoparticles 
for a novel antiepileptic application of LAM. 
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INTRODUCTION 

Particle design techniques are widely used to 
modify the physico-chemical and 
biopharmaceutical properties of active 
pharmaceutical ingredients. In the wet milling 
procedure, a sufficiently concentrated 
dispersion of drug particles in a liquid 
medium is treated. 
Wet stirred media milling has proven to be a 
robust process for the production of 
nanoparticle suspensions (1). Ball milling is 
usually used for dry micronization of drugs, 
but the preparation of nanosized particles is 
also possible. Combining these methods 
offers an increased efficiency at a lower 
milling power. Whether it aims micronization 
or nanonization, wet milling requires the use 
of additives in order to avoid aggregation and 
to reduce the required collision energy (2). 
Retsch GmbH (Germany) recommends to 
combine the dry milling method of planetary 
ball milling with the wet milling process of 
pearl milling (3). 
Our aim was to discover the opportunities 
lying in combining planetary ball and pearl 
milling as a combined wet milling technique 
(using 0.3 mm ZrO2 beads) applying a 
factorial experimental design, in order to 
prepare pre-dispersions of nanonized 
meloxicam (MEL, a crystalline model drug). 

PVA (polyvinyl alcohol) was used as an 
agglomeration inhibitor polymer. The effects 
of different pearl amounts, rotating speed and 
additive concentration on particle size 
reduction were investigated. During the 
milling process pH, temperature and viscosity 
changes were controlled.  
 

MATERIALS AND METHODS 

Materials 
Meloxicam (MEL) (EGIS Ltd., Budapest, 
Hungary) and polyvinyl alcohol (PVA)-
Mowiol 98-4 Mw~27000 (Sigma Aldrich Co. 
St. Louis, U.S.) were used for the combined 
wet milling process. 
Methods 
Wet milling process: In the milling jar 2 
grams of MEL was suspended in 18 grams of 
2,5% or 5% PVA solution, then ZrO2 beads 
were added. The milling process was 
performed using a Retsch PM100 planetary 
ball mill (Retsch GmbH, Haan, Germany). 
Factorial experimental design: 
Tab. 1: Independent and dependent variables of the factorial 
experimental designs. 

 

The independent variables of the first 
experimental design included pearl amount 
and milling time. In the second experimental 
design milling time and rotation speed were 
the independent variables. In both cases 
particle size was the dependent variable (Tab. 
1). Based on our preliminary experiments, 
choosing a more concentrated PVA solution 
(5%), and a higher rotation speed (500 rpm) 
seemed to be rational. 
Particle size measurement: particle size 
measurements were performed using a 
Malvern Mastersizer Hydro 2000S unit 
(Malvern Instruments Ltd., Worcestershire, 
UK). 
Additional investigations: The pH, 
temperature (Testo 206 pH2 meter, Testo 

 
Independent 
variable 1. 

Independent 
variable 2. 

Dependent 
variable 

Fact. exp. 
design I 

pearl (g) 
20, 40, 80 

milling time 
(min) 

10, 30, 50 
particle size 

Fact exp. 
design II 

rpm 
200, 350, 

500 

milling time 
(min) 

10, 30, 50 
 

particle size 
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GmbH, Lenzkirch, Germany), and viscosity 
changes (Anton Paar Physica 101, Anton Paar 
GmbH, Graz, Austria) were controlled. 
 

RESULTS AND DISCUSSION 

Factorial experimental design I: MEL 
particle size was determined directly from the 
grounded suspensions. It was shown that the 
amount of the pearls used was proportional to 
the efficiency of the milling process. 
However, using a large amount of pearls 
induced degradation indicated by the 
discoloration of MEL. The optimal weight of 
pearls was found to be 20 g. 
 
Tab. 2: Particle size (μm) according to different pearl amounts 
and milling times  

 

 
Fig. 1: Particle size (μm) according to different pearl amounts 
and milling times 

 
Factorial experimental design II: The 
observed degradation of MEL led us to use 
5% PVA solution. At 200 rpm no significant 
particle size reduction was observed because 
of an insufficient centrifugal force. Increasing 
the concentration of PVA in the suspension 
inhibited particle size reduction, therefore a 
higher rotation speed was chosen. By 500 
rpm the particle size was found to decrease 
properly in the 5% PVA solution. The 
average of minimal weight-calculated particle 
size was 136 nm. 

 
Fig. 2: Particle size (μm) according to different rotation speeds at 
50 min milling time; 200 rpm (red curve), 350 rpm (green curve), 
500 rpm (blue curve). 
 

Additional investigations: The initial pH of 
the PVA solution was ~5.71. After the milling 
process pH decreased to ~5.5 due to the 
acidic behaviour of meloxicam, irrespective 
of the milling time. 
Temperature changes were found to depend 
on milling time and rotation speed. A higher 
speed and a longer process time were 
associated with an increase of temperature. 
The highest sample temperature measured 
was 37.1°C.  
PVA solutions are ideal viscosus liquids. The 
maximal density decrease was 8%, supporting 
that its density does not decrease 
significantly. 
 

CONCLUSIONS 
The combined wet milling process we used is 
a novel technique to produce nano-
suspensions. Nanonization increases 
dissolution rate which in turn improves 
bioavailability. The wet milling medium 
ensures a mild milling process. The pre-
dispersions made by this combined wet 
particle-size reduction technique can be used 
for various formulations, including oral, 
nasal, dry or suspension drug forms. 
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INTRODUCTION 

Recently, liquid self-microemulsifying drug 
delivery systems (SMEDDS) have emerged 
as a promising approach for delivery of 
poorly soluble polyphenols, including 
resveratrol (RSV), with favourable influence 
on their bio-pharmaceutical properties as well 
as toxicity (1, 2, 3). With tablets being the 
most desirable dosage form, both from 
industrial and consumer viewpoint, our aim 
was to convert liquid SMEDDS (L-
SMEDDS) to tablets (T-SMEDDS), while 
merging advantages of both dosage forms. 
This has so far proven to be a difficult task 
due to problems such as leaking of liquid, 
softness of tablets and high amount of carriers 
needed, resulting in large tablets. This is 
made even more challenging by the lack of 
predictive in vitro methods for the evaluation 
of SMEDDS (4). 
 
MATERIALS AND METHODS 
L-SMEDDS formulation was composed of 
20% Castor oil, 20% Capmul MCM EP, 30% 
of Kolliphor EL and 30% of Kolliphor RH40. 
Subsequently, 10% (w/w) of RSV was 
dissolved in L-SMEDDS prior to adsorption 
onto solid carriers (micronized silica Sylysia 
350 and Syloid 244FP; granulated magnesium 
alumino-metasilicate Neusilin US2) in 1:1 
weight ratio in a mortar to prepare powdered 

SMEDDS (P-SMEDDS). Using 12 mm flat 
face round punch on a single punch column 
tablet press (Kilian SP300, Kilian Tableting 
GmbH, Germany), 600 mg tablets with high 
SMEDDS load (41.75%) were then pressed. 
Apart from the solid carrier (41.75%), 
additional excipients added were: 
microcrystalline cellulose (10%), 
croscarmellose sodium (5%), copovidone 
(1%), and magnesium stearate (0.5%).  
For reconstitution properties, SMEDDS were 
dispersed in 250 mL of purified water and 
centrifuged (4000 rpm, 5 min) to remove 
insoluble excipients. Obtained dispersions 
were evaluated for droplet size using photon 
correlation spectroscopy. RSV-loaded 
SMEDDS were subjected to in vitro release 
study performed in USP 2 Apparatus at pH 
1.2 and 6.8, with samples assessed for trans-
RSV content by HPLC.  
For fasted state pH stat in vitro lipolysis, 400 
mg of powdered SMEDDS were added to 40 
ml of digestion buffer and continuously 
stirred at 37°C. pH was adjusted to 7.5 and 
lipolysis was initiated through addition of the 
lipase enzyme solution in the amount needed 
to produce a final lipase concentration of 
approx. 1000 TBU/mL of lipolysis volume. 
Free fatty acids liberated from SMEDDS 
during lipolysis reaction were immediately 
titrated with 0.6 M NaOH.  
 
RESULTS AND DISCUSSION 

Between solid carriers examined, Neusilin 
US2 provided the hardest tablets (95 N) and 
the lowest droplet size following 
reconstitution (22.53 nm at pH 1.2), an 
improvement over RSV-loaded L-SMEDDS 
(Tab. 1).  
Tab. 1: Reconstitution properties of liquid and solid SMEDDS 
(P-powders, T-tablets). PDI – polydispersity index.  

Formulation Droplet size [nm] PDI 

L-SMEDDS blank 22.39 ± 0.33 0.071 ± 0.029 

L-SMEDDS 30.87 ± 0.17 0.131 ± 0.011 

P-Sylysia 350 65.36 ± 13.17 0.386 ± 0.116 

P-Syloid 244FP 77.64 ± 9.87 0.317 ± 0.055 

P-Neusilin US2 24.40 ± 0.42 0.157 ± 0.014 

T-Syloid 244FP 57.74 ± 4.71 0.456 ± 0.059 

T-Sylysia 350 71.60 ± 12.04 0.391 ± 0.154 

T-Neusilin US2 22.53 ± 0.08 0.088 ± 0.007 
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Nevertheless, droplets in all dispersions 
remained well within the microemulsion 
range. While all tablets exhibited rapid 
disintegration (under 10 s) enabling 
comparable onset of release plateau to liquid 
and P-SMEDDS, incomplete desorption from 
solid carriers hurdled 100% in vitro RSV 
release otherwise achieved with L-SMEDDS. 
Neusilin US2-based tablets were once again 
superior among T-SMEDDS, with over 75% 
of incorporated drug released at pH 1.2 (Fig. 
1) and 6.8 (results not shown). 
 

 
 
Fig. 1: Percentage of resveratrol released during in vitro 
dissolution of solid SMEDDS formulations (P= powder, 
T=tablet) at pH 1.2. Values expressed as a mean (n=3). 
 

In vitro lipolysis results, however, showed no 
difference in amount of fatty acid titrated 
between liquid and SMEDDS absorbed on 
solid carriers (Fig. 2), casting shadow on the 
importance of the dissolution results in vivo.  
 

  
 
Fig. 2: Amount of fatty acid (in µmol) titrated during fasted state 
in vitro lipolysis. All data collected was corrected for fatty acids 
released from the digestion media. Values expressed as a mean 
(n=3). 
 

Furthermore, all developed SMEDDS 
formulations also managed to protect RSV in 
its more active, trans- isomer form during 
accelerated stability testing at 40°C for 90 
days (˃ 90%) vs. resveratrol/solid carriers 
physical mixtures (~ 80%) (Fig. 3). 
 

 
Fig.3: Percentage of remaining trans-RSV content following 
accelerated stability testing at 40°C in liquid SMEDDS, physical 
mixtures (PM), SMEDDS powders (P) and tablets (T). 
 

CONCLUSIONS 

This research demonstrated that adsorption of 
liquid SMEDDS onto inorganic solid carriers, 
in particular Neusilin US2, provides a 
prospective platform for SMEDDS tablets 
development, allowing us to present 
beneficial advantages of liquid SMEDDS for 
resveratrol delivery in a conventional tablet 
form. 
While the preparation of SMEDDS tablets is 
applicable to the industrial environment, 
further research should focus on development 
of appropriate in vitro evaluation methods to 
predict in vivo efficiency of solid SMEDDS. 
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INTRODUCTION 

In last decades, nanotechnology has been 
attractive concern in various different areas. 
For pharmacy one of the main application 
areas of nanotechnology is nanoparticular 
drug delivery systems. Nanoparticles are 
colloidal delivery systems that their particles 
size are between 1-1000 nm and made from 
natural or synthetic polymers, inorganic 
elements (1). The large surface area of 
nanoparticles improves saturation solubility 
and also accelerates dissolution kinetics. Drug 
release is quicker because of the large surface 
area consequently higher drug concentration 
at the absorption site is reached in a short 
time. This effect is more important for low 
solubility drugs. Nanoparticles have also been 
shown to minimize macrophage clearance.  
When comparing pulmonary route and the 
others, pulmonary route has many advantages 

such as large surface area for absorption, thin 
alveolar epithelium to allow fast absorption, 
the lack of first pass elimination, rapid start of 
effect, high bioavailability, and reduction of 
unwanted systemic side-effects (2). So in this 
study we aimed to develop dry powder 
inhaler which contains nanoparticular system 
which was loaded ciprofloxacin 
hydrochloride (HCl). Ciprofloxacin HCl is an 
antibiotic that can be used some pulmonary 
infections. There isn’t any dry powder inhale 
formulation that contains ciprofloxacin HCl. 
In this study, effect of external aqueous phase 
composition on the physicochemical 
properties of ciprofloxacin-loaded 
nanoparticles was investigated. 
 
MATERIALS AND METHODS 

Materials 
Ciprofloxacin HCl was kindly gift from 
Zentiva (Turkey). PEG 4000 was purchased 
from Merck (Germany). Dichloromethane 
(DCM), PCL (poly-caprolactone) and 
poly(vinyl alcohol) (PVA) (88 mol% 
hydrolysed, Mw=30 000–70 000) were 
obtained from Sigma (Germany).  
 
Methods 
Nanoparticles were prepared by using water-
in-oil-in-water (w1/o/w2) emulsion methods. 
Briefly, polymer and PEG 4000 were 
dissolved in 10 ml DCM. Ciprofloxacin HCl 
was directly added into this solution and 
sonicated for 10 minutes. This suspension 
subsequently injected into a 40 ml aqueous 
solution of 2% (w/v) PVA and sonicated for 
10 minutes. This emulsion was then 
magnetically stirred at 500 rpm for extracting 
organic solvent and subsequent particle 
hardening at room temperature. Finally the 
nanoparticles were collected by centrifugation 
at 13500 rpm for 40 min, washed with 
ultrapure water. Ciprofloxacin-loaded 
nanoparticles were lyophilized to obtain free 
flowing powder. Nanoparticles were kept at 
desiccator. 
Physicochemical properties of nanoparticles 
such as the particle size distribution, zeta 
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potential and entrapment efficiency were 
evaluated.  To enhance the encapsulation 
efficiency, different external aqueous phase 
was used for preparing the formulations.  The 
composition of nanoparticle formulations was 
given in Table 1.  
 
Tab. 1: Composition of the ciprofloxacin-loaded nanoparticle 
formulations 

 
Code 

Components 

Organic 
solvent  

External 
phase 

Polymer 
(mg) 

PEG 
4000 
(mg) 

Cipro 
(mg) 

F1 DCM PVA 2% PCL:100 10 10 

F2 DCM PVA 
2%+100 mL 

0.5% w/v 
PVA 

PCL:100 10 10 

F3 DCM PVA 2%+ 
0.4 mL 
DCM 

PCL:100 10 10 

F4 DCM PVA 2% in 
pH 4.5 

phosphate 
buffer 

PCL:100 10 10 

F5 DCM PVA 2% in 
pH 9.0 

phosphate 
buffer 

PCL:100 10 10 

DCM:Dichloromethane PCL:Poly(-caprolactone) 
PVA:Polyvinyl alcohol 

 
Characterization of nanoparticle 
formulations  
Particle size and polydispersity index (PI) of 
nanoparticles were measured with a laser 
diffraction particle size analyser (Nano ZS, 
Malvern Inst., Malvern, UK). The zeta 
potential of nanoparticles was measured using 
laser Doppler anemometry (LDA) (Nano ZS, 
Malvern Inst., Malvern, UK). To determine 
the encapsulation efficiency of ciprofloxacin-
loaded nanoparticles, 10 mg of lyophilized 
nanoparticles was dissolved in 5 ml DCM and 
then 5 ml distilled water added to this 
solution to extract ciprofloxacin HCl. This 
solution was mixed at magnetic stirrer until 
DCM evaporates completely. After DCM 
evaporated, the residue aqueous solution was 
filtered by 0.45 µm filter and amount of 
ciprofloxacin HCl was determined 
spectrophotometrically at a wavelength of 
270 nm and encapsulation efficiency was 
calculated. 
 
 

RESULTS AND DISCUSSION 
The particle size, zeta potential value and 
encapsulation efficiency results of 
ciprofloxacin-loaded nanoparticles are shown 
in Table 2. The effect of external aqueous 
phase was investigated. 
When compared with F1 coded formulation, 
addition of 0.4 mL DCM (F2) or 100 ml of 
0.5% PVA (w/v) (F3) to the external aqueous 
phase didn’t cause a significant change 
(p˃0.05) in particle size of nanoparticles.  
Similarly, these parameters didn’t cause a 
significant change in encapsulation 
efficiency. Furthermore, we used different 
buffer solutions (F4: pH 4.5; and F5 pH:9.0) 
as external aqueous phase and investigated 
the effect on particle size of nanoparticles. A 
slight decrease in particle size of F4 and F5 
coded formulations was obtained.  (p0.05). 
The pH of the polymerization medium might 
be effected the encapsulation efficiency (1). 
Therefore, we studied with pH 4.5 or pH 9.0 
buffer solutions instead of water as external 
aqueous phase in our formulations. It was 
found that F4 and F5 have higher 
encapsulation efficiency than the others.  
Tab. 2: Characterization results of the nanoparticle formulations 
 

 

CONCLUSIONS 

We can say that F4 and F5 are more optimal 
than the other formulations. We can develop 
these formulations for our next studies.  
 

REFERENCES 
1. Soppimath KS, Aminabhavıa TM, Kulkarnia AR, Rudzinski 

WE. Biodegradable polymeric nanoparticles as drug delivery 
devices. Journal of Controlled Release 2001; 70:1–20. 
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poly(lactic-co- glycolic acid) microparticles as a carrier for 
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Effects of some formulation parameters on microparticle 
characteristics. J. Microencapsulation. 2011; 28(6):582–594. 

Code Results 

Particle 
size  

(nm)±SD 

Polydispersity 
index 

(PI)±SD 

Zeta pot. 
(mV)±SD 

EE 
(%) ± SD 

F1 228.77±2.81 0.17±0.04 -
24.28±1.22 

2.87±0.01 

F2 218.95±9.12 0.22±0.06  -
20.40±5.48 

1.46±0.05 

F3 225.75±1.78 0.09±0.02  -
22.28±1.97 

1.83±0.04 

F4 206.77±1.61 0.16±0.01  -1.63±0.37 3.5±0.25 

F5 200.42±1.76 0.08±0.01  -5.35±0.46 3.32±0.01 
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INTRODUCTION 

Because of the great diversity of structures of 
drug molecules, it is difficult to find a single 
method that can be relied on to measure any 
and all pKas in just one attempt (1). An 
efficient approach has been developed in 
which pKas are measured in aqueous solution 
at low concentration in experiments lasting 5 
minutes, during which multiwavelength UV 
spectra are collected during acid-base titration 
in a buffered solution. Failed experiments are 
easily analysed to enable an alternative, 
successful method to be chosen and run on 
the same instrument. 
 
MATERIALS AND METHODS 

The SiriusT3 instrument comprises three 
hardware modules (figure 1). The unit on the 
left is the Dispenser module, which houses 
the precision micro dispensers for adding 
water, solvents and acid/base titrants from the 
reagent bottles stored in the drawer below. 
Also contained within this module is the 
UV/Vis spectrometer and light source, which 
is connected to a fibre optic dip probe.  
To the right of the Dispensers, the Titrator 
module features a moving arm with the assay 
probes attached – pH electrode, UV dip 
probe, stirrer, temperature sensor and 
capillaries for reagent addition. There is a row 
of buffer and wash positions used for 

calibrating and cleaning the probes, including 
a flowing water wash to clean the probes with 
fresh water after each experiment. At the 
front of the titrator is the sample position, 
which is temperature controlled with a Peltier 
device (fully controlled by computer), and an 
additional turbidity sensing device.  
The unit on the right hand side, is the 
Autoloader, which has a worktable with four 
48-position vial trays. It has a robotic arm 
which automatically picks up and moves vials 
to the sample position. At the front of the 
Autoloader is an ultrasonic bath, which can 
be automatically used to aid the dissolution of 
poorly soluble compounds.  
 

 
Fig. 1: Use Times New Roman 8 points bold for figure and table 
captions. 

 
pKas were measured in 1.5mL solution at 
25OC in acid-base titration experiments, 
during which multiwavelength UV spectra 
were collected. Results were calculated 
directly from the UV spectroscopic data or 
from the acid-base potentiometric (pH-
metric) titration data. 
 
RESULTS AND DISCUSSION 

Samples were chosen to exemplify different 
classes of drug, with varying water solubility, 
UV absorbance and number of pKas. All 
samples were initially screened by fast, 
aqueous pH-UV titration using 5 microlitres 
of 10mM stock solution in DMSO (typically 
15µg of sample per aliquot). Oxytetracycline 
is shown in figures 2 and 3. 
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Fig. 2: Three consecutive 5-minute Fast-UV titrations are 
performed on oxytetracycline. 
 

 
 

Fig. 3: The pKas are fitted to the changes in UV absorbance data 
and overlaid with the distribution of species.  

 
Some samples were poorly water-soluble but 
remained in solution via supersaturation for 
the duration of the short experiment. There 
were two classes of failed measurements: 
either UV absorbance changed during the 
experiment but the sample precipitated, or 
there was no UV change during the 
experiment. 
 
Samples that precipitated were re-run 
successfully using 5µL of stock in three 
consecutive fast UV experiments in the same 
solution with three different ratios of water-
methanol created by successive dilution and 
aqueous pKa(s) obtained by extrapolation.  
 
 
SiriusT3 enabled the remaining samples, 
without UV response, to be measured by 
potentiometric titration in 1.5mL of water or 
water-methanol solutions using 75 microlitre 
aliquots of sample from 10mM DMSO stock 
solution (typically 0.25mg of sample per 
aliquot). Ofloxacin is shown in figures 4 and 
5.  

 

 
 
Fig. 4: Aqueous pH-metric titration of ofloxacin.  

 

 
 
 
Fig. 5. Ionisation of ofloxacin showing average molecular charge 
as a function of pH. pKas occur at charges of +0.5 and  -0.5. 

 
CONCLUSIONS 

We successfully developed a protocol for 
rapidly measuring pKa values of a wide range 
of drugs using small weights of sample using 
the SiriusT3. 
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INTRODUCTION 

Subcutaneously administered bio-
pharmaceuticals may undergo significant 
interactions which affect their biotherapeutic 
absorption from the subcutaneous injection 
site as the formulation transitions from buffer 
to the subcutaneous environment (1). These 
changes may include precipitation of the API.  
Sirius Scissor is a novel in vitro method for 
predicting how the characteristics of the 
subcutaneous tissue may influence the post-
injection stability and diffusional properties 
of subcutaneously administered bio-
pharmaceuticals. It allows for the 
identification of any instabilities or unwanted 
interactions that may hinder absorption from 
the subcutaneous injection site, thus 
facilitating rational formulation design. 
 
 
 

 

MATERIALS AND METHODS 

The Scissor system (figure 1) mimics the key 
properties of subcutaneous tissue and 
combines them with analytical techniques for 
monitoring post-injection stability and 
diffusional properties. To simulate the 
injection site a customized dialysis cartridge 
is filled with materials that mimic the 
extracellular matrix (ECM) composition of 
the subcutaneous tissue. This is then placed in 
a chamber containing a carbonate buffer bath 
(pH 7.4) which acts as a sink, representing the 
systemic circulation. A formulation is 
injected into the simulated injection site and 
then monitored by means of light 
transmission to detect precipitation of the 
formulation and a in situ pH probe is used to 
gain information on how the pH of the ECM 
is affected by the injection of formulation, 
and how long it takes the injection site to 
return to neutrality following injection. 
Aliquots are periodically taken from the 
biorelevant carbonate buffer bath to 
determine time-concentration profiles of 
formulation components that have diffused 
out of the simulated injection site. 
 
 

 
 

 
 
Fig 1: Schematic of the Scissor system chamber featuring: 
injection cartridge acting as a simulated injection site; pH probe 
for monitoring the pH within the cartridge; chamber of 
physiological buffer; thermocouple and heater/stirrer 
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RESULTS AND DISCUSSION 

Using Scissor it was possible to distinguish 
between two different insulin formulations 
(rapid and basal). Light transmittance data 
(Figure 2) demonstrates that Insuman Rapid 
remains in solution throughout the assay, as 
shown by the near-constant transmittance 
around 100%. Insuman Basal is a suspension 
and the particles cause the light to be 
obscured. Transmission initially drops, but 
slowly recovers as the insulin dissolves and 
diffuses into the ISF buffer.  
 
 
  

 
 
 
 
 
 
 
 
 

 
Fig. 2: In situ monitoring of light transmission at the simulated 
injection site. 
 
 

HPLC data (Figure 3) show how almost all of 
the Insuman Rapid has diffused out of the 
ECM within 60 minutes of injection. Insuman 
Basal took markedly longer, achieving 
approximately 50% diffused after 10 hours. 
The release rates of the two formulations 
align strongly with the published PK 
properties of the formulations. 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Fig. 3: Time-concentration profiles of insulin formulations.   

 

CONCLUSIONS 

The Scissor system is capable of monitoring 
dynamic events, such as precipitation and re-
solubilisation, taking place as the 
biotherapeutic transitions from its 
nonphysiological formulation environment to 
the simulated physiological and chemical 
environment of the subcutaneous tissue. The 
information from these experiments can be 
used for rational formulation design by 
targeting the interactions identified most 
detrimental to %BA.  
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INTRODUCTION 

There is considerable interest in 
understanding supersaturation and 
precipitation behaviour of orally taken drugs, 
particularly with respect to solubility-limited 
oral absorption and intestinal precipitation of 
poorly soluble drugs. Hence, we have 
developed several experimental techniques 
for creating and controlling supersaturated 
solutions of drugs and for monitoring rates of 
precipitation. We will also describe events 
occurring around the time of precipitation.                 
 
MATERIALS AND METHODS 

Aripiprazole, Bifonazole, Diclofenac, 
Dipyridamole, Felodipine, Ketoconazole, 
Naloxone and Papaverine were purchased 
from Sigma Aldrich and used in the form 
supplied. Their pKa values, molar extinction 
coefficients, solubility, dissolution and 
precipitation were studied by UV-metric and 
pH-metric techniques using a Sirius inForm 
instrument (Figure 1).  

Experiments were conducted in vials holding 
up to 60 mLs of aqueous solution comprising 
0.15M NaCl, or buffers based on acetate or 
phosphate. Solutions were stirred at constant 
speed by a motorised rotating paddle and 
maintained at constant temperature by a 
Peltier apparatus; speeds and temperatures 
were controlled by software. The pH could be 
changed during the experiment by adding 
HCl or NaOH solution from automated 
dispensers. In some experiments a layer of 
nonanol was dispensed above the aqueous 
solution. In other experiments, simulated 
intestinal fluids, polymers or excipients were 
added. After solutions had been prepared in 
the vials, samples were lowered into the 
solution in the form of powders or tablets, or 
dispensed as aliquots of stock solution in 
DMSO. UV was measured using dip probes 
in the aqueous and nonanol layers; pH was 
measured in the aqueous layer. Precipitates 
were also studied using a Nikon Eclipse E200 
Polarising Light Microscope. 
 

 
Fig 1: Sirius inForm instrument for conducting studies of 
supersaturation, phase separation and measurements of drug 
precipitation rates. 

 
RESULTS AND DISCUSSION 

The results comprise measurements of 
solubility, dissolution rates and precipitation 
rates, as well as visual images of LLPS and 
crystals. Although generally taken in solid 
form, orally administered drugs must be in 
solution in the GI tract before they can be 
absorbed. The process of dissolution is 
subject to many variables depending on the 
gut contents, the formulation and the acid-
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base characteristics of the drug. 
Supersaturation may occur during this process 
(1). Evidence suggests that the precipitation 
of many drugs starts with a liquid-liquid 
phase separation (LLPS) between the 
supersaturated solution and a liquid or glassy 
phase, which persists for a few seconds up to 
many hours before conversion into crystals 
(2). This is illustrated in Figures 2A - E for 
ketoconazole. 
 
The pattern of precipitation behaviour can 
influence the outcome for oral absorption. 
Long-lived LLPS forms will be readily 
dispersed, re-solubilised and more readily 
absorbed. On the other hand, crystallisation 
will prevent uptake and could lead to 
solubility-limited oral absorption.   
 
The onset of phase separation from 
supersaturated solutions and the start of 
nucleation were identified for ketoconazole 
and other drugs in this study. Rates of 
precipitation were measured and the impacts 
of simulated intestinal fluids, polymers or 
excipients were studied. 

 
 

 

 

 

 

 
 
Fig 2A-E: Photographs taken via polarizing light microscope. A) 
Liquid-liquid phase separation (LLPS) of ketoconazole at 
intestinal pH; B) Crystal of ketoconazole appearing; C) crystal of 
ketoconazole growing and consuming LLPS in its vicinity; D) 
and E) further growth of ketoconazole crystal. 

 
CONCLUSIONS 

Measurements of solubility, dissolution rates 
and precipitation rates, as well as visual 
images of LLPS and crystals will aid the 
development of enhanced-solubility 
formulations and will be valuable for 
understanding the mechanism of GI 
absorption. 
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INTRODUCTION 
Microemulsions are considered as one of the 
most promising vehicles for dermal drug 
delivery (1). However, a risk of skin 
irritation, caused by high concentration of 
surfactant and/or cosurfactant, is one of the 
major problems which limit their applicability 
in the pharmaceutical formulations (2). 
Hence, a careful selection of the excipients is 
required and surfactants with low skin 
irritation potential are preferred.  
The main goal of this work was to develop 
biocompatible microemulsion systems for 
dermal delivery of two poorly water soluble 
model drugs with different physico-chemical 
characteristics, which strongly differ in the 
therapeutic concentrations – adapalene (ADA, 
0.1% w/w) and sertaconazole nitrate (SN, 
2.0% w/w).   

MATERIALS AND METHODS 

Materials 
Four different surfactants with proposed low 
skin irritation potential were selected: 
Plantacare 2000 UP (P2000) and Plantacare 
810 UP (P810) (which belong to the category 
of alkyl polyglucosides, APGs), Emanon EV-
E (EV) and polysorbate 80 (P80) (which are 
ethoxylated surfactants). Transcutol P 
(TransP) and propylene glycol (PG) were 
used as cosurfactants and Capryol 90 (C90) 
and ultrapure water (W) as oil and water 
phase, respectively.  
 

Methods 
Pseudo-ternary phase diagrams were 
developed using the water titration method at 
room temperature. PG was employed as 
cosurfactant in the systems based on P2000 
and P810, whereas TransP was used in a 
combination with ethoxylated surfactants. 
Based on the study of the solubilization 
capacity for both investigated drugs, different 
vehicles were selected and comprehensively 
characterized by pH, electrical conductivity 
(EC) and rheological measurements as well as 
by photon correlation spectroscopy using 
HI9321 pH meter (Hanna Instruments Inc., 
Michigan), SensION EC71 instrument (Hach 
Company, Loveland, Colorado), DV-III 
ULTRA Programmable Rheometer & 
Rheocalc software v.4.3 (Brookfield 
Engineering Laboratories, Middlesboro USA) 
and Nano ZS90 (Malvern Instruments, UK), 
respectively. 
 
RESULTS AND DISCUSSION 
The phase behavior of the system was 
strongly dependent on the type of surfactant. 
As depicted in Fig. 1a and 1b, in the case of 
APGs the obtained isotropic area was 
narrower when compared to the ethoxylated 
surfactants (Fig. 1c and 1d), probably because 
of lower oil solubility of APGs. In addition, 
when comparing the size of the monophasic 
area between distinct categories of tensides it 
is obvious that both the structure and HLB of 
surfactant had strong influence on the phase 
behavior of system. Indeed, the extension of 
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single-phase microemulsion area was 
observed when APG with a shorter tail length 
and higher HLB value was used (P810). 
Contrary, in the case of ethoxylated 
surfactants, a surfactant with a lower HLB 
and longer chain length produced larger 
monophasic area (P80).  

 
 
 
 
 
 
 
 
 

 
 

Fig. 1: Pseudo-ternary phase diagrams of microemulsion 
composed of (a) C90/P2000*-PG/W; (b) C90/P810*-PG/W; (c) 
C90/EV-TransP/W; and (d) C90/P80-TransP/W 
*Only active substance regarded 
 

From each pseudo-ternary phase diagram 
(Fig. 1) the water dilution line with ratio 
surfactant-cosurfactant/oil = 8/2 was selected 
for further studies. Measurement of EC (Fig. 
2) in parallel with rheological study (data not 
shown) revealed that all systems underwent 
structural transition upon dilution with W, 
whereas value of percolation threshold was 
highly dependent on the surfactant type as 
well as on its structure.  
Study of solubilization potential for both 
model drugs ADA and SN revealed that 
systems based on APGs were suitable only 
for ADA, while only the EV containing 
vehicle with 30% w/w of W was appropriate 
for both drugs. As well, solubilization of the 
therapeutic concentration of SN was 
accomplished in the P80-based system with 
W content of 30% w/w. The characteristics of 
the selected bicontinuous vehicles (Fig. 1) 
remained almost unchanged after addition of 
ADA, whereas the incorporation of SN, 
which ionizes in water environment, and has 
higher therapeutic concentration, strongly 
affected pH, EC and viscosity (η) of the 
vehicles (Tab. 1).  

 
 

Fig. 2:  EC as a function of the water volume fraction for the (a) 
C90/APG-PG/W; and (b) C90/ethoxylated surfactant-TransP/W 
microemulsions along dilution line surfactant-cosurfactant/oil = 
8/2. 
 
Tab. 1: Characteristics of selected unloaded and drug loaded 
microemulsions  

 pH 
EC 

(µS/cm) 

η 

(mPas) 

Z-ave 

(nm) 

ME-P2000 7.88 902.0 27.86 2.265 

ME-P2000-ADA 7.67 836.0 27.90 1.796 

ME-P810 6.85 1056.3 25.31 1.433 

ME-P810-ADA 6.72 1022.0 26.81 1.221 

ME-EV 7.47 62.5 18.84 2.402 

ME-EV-ADA 7.38 61.63 19.16 1.632 

ME-EV-SN 4.39 268.0 21.91 1.857 

ME-P80 4.42 48.53 48.79 1.216 

ME-P80-SN 3.67 242.33 51.01 4.138 
 

CONCLUSIONS 

Due to the expected benefits of the selected 
vehicles loaded with either ADA or SN, it is 
important to investigate their safety and 
efficacy, which will be a subject of our 
further studies.  
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INTRODUCTION 

One of the most promising approaches for 
enhancing drug solubility and consequently 
oral bioavailability is the utilization of solid 
dispersion. Polymers have been the most 
successful carrier materials for solid 
dispersions as they are able to form 
amorphous solid dispersions. Previous studies 
have reported that using combinations of 
polymers can provide a advantage that 
includes modifying the dissolution profile, 
enhancing the physical stability and oral 
absorption of active pharmaceutical 
ingredient from solid dispersions (1, 2). 
Carvedilol (CV), non-selective beta 
adrenoreceptor blocker, is a typical example 
of such a poorly soluble drug which belongs 
to class II (low solubility, high permeability) 
according to the Biopharmaceutics 
Classification System (BSC). 
The aim of this work was formulation of 
polymer-based solid dispersions with 
carvedilol and in vitro drug release study. 
Used polymers were Soluplus®, Gelucire® 
44/14 and Gelucire® 50/13. 
 
 

MATERIALS AND METHODS 
 

Materials 
Carvedilol, donated by Galenika AD, Serbia, 
polyvinyl caprolactam–polyvinyl acetate-
polyethylene glycol graft copolymer 
(Soluplus®) donated by BASF, Germany, 
stearoyl macrogol-32 glycerides (Gelucire® 
50/13) and lauroyl macrogol-32 glycerides 
(Gelucire® 44/14) both donated by 
Gattefosse, France. All materials were Ph. 
Eur. grade. 
Formulations of polymer-based solid 
dispersions are shown in Table 1. 
 
Tab. 1: Formulation compositions of solid dispersions 
 

 Carvedilol 
(%) 

Gelucire® 
44/14 
(%) 

Gelucire® 
50/13 
(%) 

Soluplus® 
(%) 

F1 10 - 90 - 
F2 10 45 45 - 
F3 10 90 - - 
F4 10 - 60 30 
F5 10 30 30 30 
F6 10 60 - 30 

 
Solid dispersions preparation 
All formulations were prepared by melting of 
polymers, followed by the addition of 
carvedilol powder to the melted polymers and 
stirring for additional l5 minutes until a 
homogenous dispersion was obtained.  
Prepared solid dispersions were collected and 
sieved through 1000 µm mesh sieve. 
 
In vitro drug release studies 
Dissolution testing was performed in the 
rotating paddle apparatus (Erweka DT70, 
Germany), medium 0.1 M hydrochloric acid 
900 ml. Samples containing 25 mg of 
carvedilol were put into the dissolution vessel 
at 37 °C and stirred at 50 rpm. The CV 
concentration was determined 
spectrophotometrically at λ 241 nm 
(Evolution 300 spectrophotometer, Thermo 
Fisher Scientific, UK) for fixed times (10, 20, 
30 and 45 min). Dissolution profiles were 
compared to dissolution profile of CV 
powder. The difference (f1) and the similarity 
(f2) factors for the formulations with and 
without Soluplus® were calculated. 
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RESULTS AND DISCUSSION 

The in vitro dissolution profiles of the pure 
drug and various polymer-based solid 
dispersions are shown in Figure 1. 
 

 
Fig. 1: In vitro dissolution profiles of carvedilol solid dispersion 

and pure carvedilol 

 
Addition of polymers increased the percent of 
dissolved CV in all formulations compared to 
pure CV, where 30.13% was released for 30 
minutes. The highest percent of released CV 
after 30 min (98.76%) was noticed from 
formulation F5. The lowest percent of 
released CV was noticed from formulation 
F3, where 77.50% of CV was released after 
30 minutes. 
It was shown that formulations with both 
Gelucire® excipients had higher dissolution 
rate compared to formulation with only one 
Gelucire®. It was also observed that higher 
dissolution rate was achieved by using 
Gelucire® 50/13 compared to use of 
Gelucire® 44/14, with or without Soluplus® 
(F1 > F3, F4 > F6). 
The better dissolution profiles of the CV from 
solid dispersions made with Gelucire® and 
Soluplus® may be explained by the absence of 
crystalline structure and improved wettability 
of the drug particles in the form of a 
dispersion (3, 4). 
The addition of Soluplus® increased the CV 
dissolution rate compared to formulation 
without Soluplus®. Increased dissolution rate 
of CV could be explained by surface activity 
of Soluplus® and its' synergistic effects with 
Gelucire® (3). Difference (f1) and similarity 

(f2) factors were calculated for formulations 
with and without Soluplus® (Table 2). 
 
Tab. 2: Values of difference (f1) and the similarity (f2) factors of 
selected solid dispersions 
 

Formulations f1 f2 

F1/F4 5.57 61.86 

F2/F5 15.20 40.25 

F3/F6 7.89 55.37 

 
Based on the results presented in Table 2, it 
could be concluded that there was no 
statistically significant increase of dissolution 
rate between formulations with and without 
Soluplus® (F1 and F4; F3 and F6). The CV 
dissolution rate in formulation F5 was 
statistically significantly higher to that of 
formulation F2. 
 
CONCLUSION 

Formulation of polymer-based solid 
dispersions significantly increased dissolution 
rate of CV. It was observed that the 
combination of polymers (Soluplus®, 
Gelucire® 44/14 and Gelucire® 50/13) in 
equal concentrations achieved the highest 
dissolution rate of CV. In further research it is 
necessary to thoroughly examine the 
influence of polymers on dissolution rate of 
CV as well as to perform physicochemical 
characterization of prepared polymer-based 
solid dispersions. 
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INTRODUCTION 

Zoledronic acid (ZOL) is a third generation, 
highly potent nitrogen (N)-containing 
bisphosphonate that has shown beneficial 
effects in the treatment of pathological bone 
loss (1). Results obtained from previous 
studies have shown that ZOL can be highly 
effective in prevention and treatment of bone 
loss in various rat models of osteoporosis (2). 
However, prolonged bisphosphonate therapy 
may contribute to atypical fractures by 
oversuppressing bone remodeling, leading to 
alterations in bone mineral and organic 
properties (3). Therefore, in this study, a new 
more effective treatment strategy comprising 
of ZOL-PLGA nanoparticle based 
formulation is introduced to evaluate their 
effect on Guided Bone Regeneration via 
applying the particles to related area locally, 
where the bone loss occurred. ZOL bearing 
NP formulations which will be administered 
locally to the defect area, were designed to 
have optimum characteristics and formulation 
variables were evaluated to obtain best 
nanoparticle formulation in terms of 
efficiency. 
 

 

MATERIALS AND METHODS 

Materials 
Zoledronic acid (ZOL) was kindly supplied 
from Mustafa Nevzat Pharmaceuticals 
(Turkey). Poly(lactic-co-glycolic) acid 
(PLGA) were from Sigma-Aldrich 
(Germany), acetone were from Merck 
(Germany) and Pluronic® F-127 were from 
Sigma (Germany). 
 
Preparation of ZOL-loaded PLGA NPs 
ZOL-loaded PLGA NPs were prepared by 
using nanoprecipitation method (4). Firstly, 
PLGA solution in acetone was prepeared then 
poured on the 50 mL of aqueous phase which 
consisted of certain amounts of Pluronic® F-
127 and ZOL, and magnetically stirred until 
whole acetone evaporates at room 
temperature. Afterwards, NP suspension was 
concentrated with Vivaspin20® (Sartorius) 
during 30 minutes at 4500 rpm and freeze-
dried during one day to obtain bulk NPs. NPs 
were stored at +4oC for further analyses and 
investigations. We applied central composite 
factorial design for nanoparticle formulations 
and suitable ones were shown in Table 1. 
 
Tab. 1: Compositions used for ZOL-loaded NPs. 

Formulation 
Code 

Amount 
of ZOL 

(mg) 

PLGA/ 
Pluronic 

Ratio 

Organic Phase/ 
Aqueous Phase 

Ratio 

F1 15 1:1 
1.75:2 

F2 15 2:1 1.75:2 

F3 15 2:1 0.75:2 

F4 25 0.159:1 1.25:2 

F5 25 1.5:1 1.25:2 

F6 35 2:1 1.75:2 

F7 35 1:1 1.75:2 

 
Characterization of ZOL-loaded PLGA 
NPs 
ZOL-loaded PLGA NPs were characterized 
by particle size and polydispersity index 
(PDI), zeta potential, morphology, 
encapsulation efficiency and in vitro drug 
release. 
Particle size and PDI were determined using a 
particle size analyzer (Nano ZS, Malvern 
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Inst., Malvern, Worcestershire, UK) based on 
the principle of dynamic light scattering. 
Zeta potential of ZOL-loaded NPs was 
measured by laser doppler anemometry 
(LDA) (Nano ZS, Malvern Inst., Malvern, 
Worcestershire, UK). 
To determine encapsulation efficiency of 
ZOL-loaded PLGA NPs, a determined 
quantity of ZOL-loaded NPs was first 
dissolved in 5ml of dichloromethane. Then, 2 
ml of distilled water was added to dissolve 
ZOL completely. The mixture was stirred for 
evaporation of all dichloromethane at room 
temperature.  
The remaining undissolved PLGA was then 
separated by centrifugation. The clear 
supernatants were then withdrawn and 
analyzed for ZOL content at 209 nm 
spectrophotometrically.        
To investigate release profiles of NPs, ZOL-
loaded NPs were placed into dialysis bags and 
suspended in 50 ml of pH 7.4 phosphate 
buffer solution. Then, NPs were shaken 
horizontally in a water bath rotary shaker 
(Gesellschaft fur Labortechnik Shaking Water 
Bath  Model 1083, Germany). 
 

RESULTS AND DISCUSSION 

 
Tab. 2: Characterizations of ZOL-loaded PLGA NPs. 

Formulation 
Code 

Mean 
particle size 

(nm±SD) 

Zeta 
potential 
(mV±SD) 

Encapsulation 
efficiency (%) 

F1 118.0±5.47 -50.0±5.38 
5.51 

F2 163.4±0.18 -8.84±0.96 16.04 

F3 80.9±2.57 -14.9±2.81 38.03 

F4 95.5±6.25 -16.3±3.08 22.76 

F5 91.4±3.03 -30.5±0.79 40.09 

F6 114.6±4.8 -32.6±2.36 8.57 

F7 114.10±4.7 -13.7±3.74 8.83 

 
We prepared NPs with the range around 100 
nm with high encapsulation efficiency 
formulations (Tab. 2). While encapsulation 
efficiency of F1 formulation was 5.51%, it 
was increased to around 40% at formulations 
F3 and F5. This indicates us, the importance 
of the PLGA amount on encapsulation 

efficiency. The optimum ZOL amount for our 
nanoparticle is 25 mg. Although the amount 
of PLGA at F6 is similar with F5, the 
encapsulation efficieny is decrased because of 
the access amount of ZOL. 
 

 
Fig. 1. ZOL release profile from PLGA NPs 
 

According to our release studies, we obtained 
lag time for F5 formulations and 20% of ZOL 
was released in 24 hours (Figure 1).  These 
data is an evidence of controlled release of 
ZOL from PLGA NPs. 
 

CONCLUSIONS 

We successfully prepared ZOL-loaded PLGA 
NPs with high encapsulation efficiency. NPs 
are around 100 nm diameter and has 
negatively charged zeta potential value.  F5 
formulation was selected for on going for in 
vivo Guided Bone Regeneration therapy. 
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 INTRODUCTION 
Alginate is probably the most investigated 
natural polymer for the production of 
hydrogel-based beads in biomedicine. 
Regarding the cations able to promote the 
cross-linking between the polymer chains, a 
great number of scientific papers focuses on 
the use of calcium as main agent to form 
alginate hydrogels. Ca+2 ions preferentially 
interact with the polyguluronic acid units 
(GG) of alginate, while producing the so-
called ''egg-box'' structure (1). In contrast to 
the efficiency of calcium-alginate 
interactions, drug release from this matrix 
proceeds too rapidly, both in gastric and in 
intestinal simulated fluids, making these 
matrices barely applicable as oral controlled 
drug delivery system. On the contrary, the use 
of other divalent cations like Zn+2 seems to be 
more suitable for the manufacturing of 
alginate hydrogels in terms of extension of 
drug release (2, 3). However, while several 
works on alginate hydrogels produced with 
different cations were published, only few 
papers refers on the simultaneous use of a 
blend of different gelling agents (1). Given 
this bibliographic snapshot, the aim of this 
work was to deeply study the effect of 
different divalent cations, alone or in blend, 
on hydrogel properties, such as particle size, 
morphology and ability to encapsulate the 

drug as well as to control its release. With this 
aim, alginate particles were prepared by 
prilling/ionotropic gelation technique, using 
Ca+2 and Zn+2 as gelling agents, alone or 
mixed in different ratios, and prednisolone (P) 
as model drug. 
 
MATERIALS AND METHODS  

Materials 
Sodium alginate (MW about 280 kDa, 
mannuronic/guluronic ratio 1:2) was 
purchased from Carlo Erba (Milan, Italy); 
zinc acetate dihydrate, calcium chloride and 
prednisolone were supplied from Sigma-
Aldrich (Milan, Italy).  

Methods 
Beads were produced by a Nisco 
Encapsulator® Var D starting from an 
aqueous feed containing 2.0% w/w of sodium 
alginate (blank beads) and prednisolone with 
a final drug/polymer ratio of 1:5 (P loaded 
beads). Apparatus operative conditions were: 
nozzle diameter 600 μm; frequency of 
vibration 350 Hz; jet flow rate 6 mL/min, 
cross-linking time 1 min and using 0.5M 
aqueous solutions of Ca+2, Zn+2, or Ca+2/Zn+2 
mixture (1:1, 1:4, 4:1 in molar ratios)as 
gelling bulks. Encapsulation efficiency (EE), 
beads morphology, size and solid state 
characteristics have been analysed according 
to established methods (UV, SEM and SEM-
EDX microscopy, DSC). In vitro drug release 
performance was studied by pH-change assay 
to simulate gastrointestinal environment (USP 
36). 
 
RESULTS AND DISCUSSION 
Drug loaded microspheres showed good EE; 
in particular, when only one cation was used 
as gelling agent, Ca+2-alginate beads (#F1) 
showed the highest EE value (77.4%). The 
presence of both Ca+2 and Zn+2 as well as the 
ratio between the two cations plays a very 
important role in drug encapsulation process 
and beads properties. This phenomenon can 
be explained by the differences in both 
diffusivity and ability to coordinate guluronic 
residues between the two crosslinking agents. 
In fact, when the gelling bath was prepared 
using a 1:1 (#F3) or 1:4 (#F4) Ca+2/Zn+2 ratio 
the value of EE was around 72%, whereas 
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when 4:1 ratio was used (#F5) the EE moved 
to 82%, suggesting a synergistic effect of the 
two cations (Table 1). 
 
Tab. 1: Formulation code, gelling agent, actual drug content 
(ADC), encapsulation efficiency (EE) mean diameter and 
sphericity coefficient (SC) of microspheres produced by prilling. 

 
The ratio between different cations also 
influences internal alginate matrix cross- 
linking degree. As shown in figure 1a #F3 
blank formulation exhibited an internal 
structure enriched in Zn+2, probably due to the 
equilibrium between enhanced gelling rate of 
Ca+2 and higher concentration in Zn+2 able to 
coordinates carboxylate moieties on polymer 
chains. Such equilibrium was modified when 
Ca/Zn ratio increased, leading to higher Ca+2  
density in the polymer matrix, related to 
higher Ca+2 diffusivity as shown in figure 1a 
and 1c. The synergistic effect of Ca+2 and 
Zn+2 clearly influenced drug release profiles 
in simulated biological fluids, as reported in 
figure 2. In fact, F1 and F2 beads obtained 
either with Ca+2 or Zn+2 as gelling agent, 
showed a limited control of drug release. 
Particularly, during the transit in the acidic 
medium P release was slower moving the 
gelling agent from Ca+2 to Zn+2. However, 
after changing the pH (6.8), alginate matrix 
dissolved rapidly and the complete release of 
the drug was obtained in about 1 hour (t=180 
min) for both #F1 and #F2 (Fig.2A). 
Interestingly, formulations F3, F4 and F5 
showed in acidic medium a similar 
dissolution profile compared to #F2, with a 
lower P release respect to #F1, followed by a 
more sustained drug release profile in 
simulated intestinal fluid (Fig.2-B). In fact 
after 1 hour in this media (t=180 min), only 
59.5%, 73.8 % and 86.3 % of P was released 
from formulations F5, F4 and F3 respectively; 
whereas at this time point the complete 

release of the drug was just achieved from 
F1and F2 microspheres 

Fig. 1: SEM and SEM-EDX microphotographs of cryofractured 
blank beads: F3 (a), F4 (b) and F5 (c). 

Fig. 2: Drug release profiles from formulations F1 and F2 (A); 
F3, F4 and F5 (B) compared to P raw material. 
 
 

CONCLUSIONS 

In this work the effect of simultaneous use of 
two different crosslinking agents (Ca+2 and 
Zn+2) on alginate microspheres production 
and technological properties was studied. The 
synergistic Ca+2/Zn+2 effect led to 
microspheres with higher EE values and a 
compact inner structure able to sustain drug 
release in simulated biological fluids until 
240 min. 

REFERENCES 
1. Chan L, Jin Y, Heng P. Cross-linking mechanisms of calcium 

and zinc in production of alginate microspheres. International 
Journal of Pharmaceutics. 2002;242(1):255-8. 

2. Cerciello A, Auriemma G, Morello S, Pinto A, Del Gaudio P, 
Russo P, et al. Design and In Vivo Anti-Inflammatory Effect of 
Ketoprofen Delayed Delivery Systems. Journal of 
pharmaceutical sciences. 2015;104(10):3451-8. 

3. Cerciello A, Auriemma G, Del Gaudio P, Sansone F, Aquino 
RP, Russo P. A novel core-shell chronotherapeutic system for 
the oral administration of ketoprofen. Journal of Drug Delivery 
Science and Technology. 2016;32, Part B:126-31. 



 

107 

FORMULATION 
AND 
OPTIMIZATION OF 
BILAYER TABLETS 
 
J. Conceição*, J. Rocha, F. Bastos,             
M. Pedroso, M. Carneiro, A. C. Martins,      
P. Costa, J. M. Sousa Lobo  
 
Research Centre for Pharmaceutical Sciences, 
Laboratory of Pharmaceutical Technology, 
Department of Drug Sciences, Faculty of 
Pharmacy, University of Porto, Rua de Jorge 
Viterbo Ferreira, n.º 228, 4050-313 Porto, 
Portugal, Tel: +351 220 428 500 
 
 

 
INTRODUCTION 

Bilayer compacting technology has gained 
more popularity in recent years because 
bilayer tablets offer several advantages over 
the conventional tablets (1). 
The purpose of this study was to develop and 
characterize six formulas of bilayer tablets 
with carbamazepine (200 mg), a model drug 
of the class II Biopharmaceutical 
Classification System, as a biphasic 
quick/slow delivery system. The sustained 
release layer was composed by the drug and 
one of three matrices, such as Kollidon® SR 
(inert), Protanal® CR 8223 (hydrophilic) and 
Lubritab® (lipidic). The rapid release layer 
contained the drug and Ac-Di-Sol® 
(superdisintegrant). 
 
 

 

 

Tab. 1: Bilayer tablets composition (mg). 
 

MATERIALS AND METHODS 

Materials 
The raw materials used were carbamazepine 
(Acofarma®; antiepileptic and anticonvulsant 
drug), Ac-Di-Sol® (FMC BioPolymer; 
croscarmellose sodium), Kollidon® SR 
(BASF SE; a mixture of polyvinyl acetate and 
polyvinylpyrrolidone - 8:2 w/w), Protanal® 
CR 8223 (FMC Biopolymer; sodium alginate) 
and Lubritab® (JRS Pharma; hydrogenated 
vegetable oil). 
 

Manufacture of tablets 
Six formulas of bilayer tablets (Table 1), with 
a target weight of 320 mg (± 16 mg), were 
prepared using a single-punch compression 
machine (Korsch, 9048-71) with 10 mm 
diameter punches, as follows: the first layer 
with a weight of 160-180 mg (100 mg 
carbamazepine + 60-80 mg Ac-Di-Sol®), 
responsible for the rapid drug release, was 
obtained by compaction; the second layer, 
with a weight of 140-168 mg (100 mg 
carbamazepine + 40-68 mg of matrix 
excipient), responsible for the sustained drug 
delivery, was then added to the compacted 
first layer and tablets were obtained by 
compaction of the two layers. 
 
Characterization of the tablets 
Weight uniformity (mean ± standard 
deviation (SD), n = 10, analytical balance 
Mettler AG 204, Mettler Toledo), thickness 
(mean ± SD, n = 10, electronic digital caliper, 
model number Z22855, Powerfix®) and 
hardness (mean ± SD, n = 10, tablet hardness 
tester Erweka TBH 28, Erweka GmbH) were 
evaluated in the obtained tablets. Friability 
was determined by submitting 10 previously 
weighed tablets to falling shocks for 4 
minutes in a friabilator (Electrolab, EF-1W), 
set at 25 rpm/min. After 4 minutes, the tablets 
were reweighed and friability was calculated. 

Formula 1 (F1) Formula 2 (F2) Formula 3 (F3) Formula 4 (F4) Formula 5 (F5) Formula 6 (F6) 
Rapid release layer 

Carbamazepine  100 Carbamazepine    100 Carbamazepine   100 Carbamazepine   100 Carbamazepine   100 Carbamazepine   100 

Ac-Di-Sol®       60 Ac-Di-Sol®         60 Ac-Di-Sol®        60 Ac-Di-Sol®        80 Ac-Di-Sol®         68 Ac-Di-Sol®         80 

Sustained release layer  

Carbamazepine  100 Carbamazepine    100 Carbamazepine   100 Carbamazepine   100 Carbamazepine   100 Carbamazepine   100 

Kollidon® SR    60 Protanal® CR 8223   60 Lubritab®           60 Kollidon® SR     40 Protanal® CR 8223   68        Lubritab®       40 
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In vitro release studies  
The in vitro drug release studies (mean ± SD, 
n = 6) were performed using a dissolution 
apparatus (Sotax, AT7) according to the 
paddle method at 100 rpm (2). The 
dissolution medium consisted of 900 mL of 
sodium lauryl sulfate solution 1% (w/v) at 
37.0±0.5 ºC (2). 
The collection times were 15, 30, 45, 60, 120, 
180, 240, 360, 480 minutes, and the volume 
of the collected samples was 10.0 mL 
(without volume replacement). The samples 
were filtered and the carbamazepine 
concentration was determined at 288 nm with 
an UV-VIS spectrophotometer (Jasco, V-650) 
(2). 
 

Differential scanning calorimetry (DSC) 
DSC thermograms of samples were recorded 
using a differential scanning calorimeter 
(Netzsch, DSC 200 F3 Maia®) with automatic 
sample changer, using a sample size around 6 
mg. The temperature was ramped from 20 to 
300 °C at a constant scanning speed (10 
°C/min). The samples were contained in 
crimped aluminum pans under a flow of 
nitrogen at 40 mL/min. 
 

RESULTS AND DISCUSSION  

In vitro dissolution tests showed at 480 
minutes a mean carbamazepine release from 
58.7±1.7 to 98.0±2.2 % (Figure 1). As can be 
seen, the amount of drug released during 2 h 
was very similar for all formulations.  
The DSC thermograms (Figure 2) revealed  
that there was no incompatibility between the 
carbamazepine and the excipients. 
 
 
 
 
 
 
 
 
Tab. 2: Physical properties of the bilayer tablets. 

 
Fig. 1: In vitro carbamazepine release profiles. 
 

 
Fig. 2: DSC thermograms of carbamazepine (A), Lubritab® (B), 
Ac-Di-Sol® (C), Protanal® CR 8223 (D), Kollidon® SR (E), 
carbamazepine + Lubritab® (F), carbamazepine + Ac-Di-Sol® (G), 
carbamazepine + Protanal® CR 8223 (H), and carbamazepine + 
Kollidon® SR (I). 
 

CONCLUSIONS 
The bilayer tablets from formulations F4, F5 and 
F6 showed the better physical characteristics 
(friability and hardness). The formulas F1, F3, F4 
and F6 allowed a biphasic quick/slow release of 
the carbamazepine. The lipid and inert matrix 
excipients, in the used concentrations, presented 
the same type of drug release (diffusion through 
matrix channels and pores). 
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Formulations Weight (mg) Thickness (mm) Hardness (N) Friability (%) 
F1 315±2 3.33±0.02 82±9 1.1 
F2 319±1 3.03±0.03 80±5 1.8 
F3 317±1 3.25±0.02 73±9 1.6 
F4 316±1 3.11±0.02 133±5 0.6 
F5 335±1 3.21±0.02 97±7 0.5 
F6 317±2 3.18±0.02 105±6 1.0 
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INTRODUCTION 

Tablet disintegration is an important factor 
for drug release and can be modified with 
excipients called disintegrants (1). 
The objective of this study was to investigate 
the effect of the content values of three 
superdisintegrants on drug release 
characteristics, dissolution rate and 
disintegration time, from uncoated tablets. In 
this work, superdisintegrants, namely 
Vivasol® (croscarmellose sodium), Explotab® 
(sodium starch glycolate) and Kollidon® CL 
(crospovidone), were used in four percentages 
(1%, 2%, 3% and 5%, w/w). Acetylsalicylic 
acid (ASA) was used as a model of a poorly 
soluble drug.  
 
Tab. 1: ASA tablets composition (mg).  

 

MATERIALS AND METHODS 
 

Materials 
The raw materials used were ASA 
(Acofarma®), Tablettose® 70 (lactose 
monohydrate; soluble filler; Meggle), 
Vivasol® (JRS Pharma), Explotab® (JRS 
Pharma), Kollidon® CL (BASF), and stearic 
acid (Acofarma®). 
 

Manufacture of tablets 
For all formulations, ASA, filler and 
superdisintegrant were blended in a Turbula 
mixer (WAB, model T2C) for 15 minutes. 
Afterwards, the stearic acid (anti-adherent 
lubricant) was added and blended for 5 
minutes. 
Tablets, with a target weight of 400 mg (± 20 
mg), were prepared by direct compression 
using an instrumented alternative machine 
(DOTT Bonapace, model CPR-6). The 
punches had 11 mm diameter with plane 
surface and the preparation was performed at 
room temperature.  
Thirteen formulations (batches of 50 g) were 
studied and tablets composition is given in 
Table 1.  
 

Characterization of the tablets 
Weight uniformity (mean ± standard 
deviation (SD), n = 10, analytical balance 
Mettler AG 204, Mettler Toledo), thickness 
(mean ± SD, n = 10, electronic digital caliper, 
model number Z22855, Powerfix®) and 
hardness (mean ± SD, n = 10, tablet hardness 
tester Erweka TBH 28, Erweka GmbH) were 
evaluated in the obtained tablets. Friability 
was determined by submitting 10 previously 
weighed tablets to falling shocks for 4 
minutes in a friabilator (EF-1W, Electrolab), 
set at 25 rpm/min. After 4 minutes, the tablets 
were reweighed and friability was calculated. 

 
 
 
 
 
 
 

Formulations I II III IV V VI VII VIII IX X XI XII XIII 
ASA 100 100 100 100 100 100 100 100 100 100 100 100 100 

Tablettose® 70 296 292 288 284 276 292 288 284 276 292 288 284 276 
Vivasol® - 4 8 12 20 - - - - - - - - 

Explotab® - - - - - 4 8 12 20 - - - - 
Kollidon® CL - - - - - - - - - 4 8 12 20 
Stearic acid 4 4 4 4 4 4 4 4 4 4 4 4 4 
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Tensile strength (mean ± SD, n = 10) was 
assessed using equation 1, as it takes into 
account the dimensions of the tablets. 

Tensile	strenght
π

      (1)  

where P is the hardness (N), D and t are the 
diameter (mm) and thickness (mm) of the 
tablet, respectively. 
In vitro release studies  
The in vitro drug release studies (mean ± SD, 
n = 3) were performed using a dissolution 
apparatus (Sotax, model AT7) according to 
the basket method at 50 rpm (2). The 
dissolution medium consisted of 500 mL of 
acetate buffer pH 4.5±0.05 at 37.0±0.5 ºC (2). 
The collection times were 5, 10, 15, 30, 45 
and 60 minutes, and the volume of the 
collected samples was 10.0 mL (without 
volume replacement). The samples were 
filtered and the ASA concentration was 
determined with an UV-VIS 
spectrophotometer (Jasco, model V-650). An 
ASA calibration curve was previously 
prepared (λ = 265.0 nm; y = 3.2346x + 0.015; 
R2 = 0.99998) (2). 
 
Determination of disintegration time 
Disintegration times (n = 6) were measured 
using a tablet disintegration tester (Electrolab, 
model ED-2L) in 750 mL purified water at 
37±2°C (2). 
 
 
 
 
 
 
 
Tab. 2: Physical properties and disintegration times of tablets. 

RESULTS AND DISCUSSION  

Tablets with uniform aspect and suitable 
physical properties were produced (Table 2). 
However, the obtained tablets presented a 
friability value greater than 1.0%. 
In vitro dissolution tests showed at 60 
minutes a mean ASA release from 88.9±1.7 
to 109.9±5.5% (Figure 1). As far as the 
disintegration times are concerned, it as 
observed that they were similar (< 60 
seconds) and lower than the control 
(Formulation I; 266 seconds) (Table 2). 
 

 
Fig. 1: In vitro ASA release profiles. 

 
CONCLUSIONS 

It was possible to conclude that Vivasol® 5% 
(w/w) showed the best results, followed by 
Kollidon® CL 5% (w/w). Explotab® did not 
distinguished in any concentration. 
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Formulations 
Weight 

(mg) 
Thickness 

(mm) 
Tensile strength 

(N/mm2) 
Friability 

(%) 
Disintegration time 

(seconds) 

I 398±3 3.04±0.01 1.68±0.23 1.43 266 
II 393±3 3.02±0.02 1.67±0.16 1.37 21 
III 404±4 3.08±0.02 1.68±0.18 1.39 37 
IV 405±1 3.12±0.01 1.37±0.11 1.45 45 
V 398±2 3.06±0.02 1.45±0.14 1.23 59 
VI 394±2 3.03±0.05 1.53±0.25 1.37 36 
VII 397±3 3.04±0.02 1.66±0.25 1.46 23 
VIII 399±2 3.05±0.02 1.49±0.09 1.40 27 
IX 405±4 3.10±0.06 1.41±0.08 1.28 26 
X 397±2 3.08±0.01 1.51±0.12 1.37 45 
XI 401±1 3.12±0.01 1.46±0.07 1.35 42 
XII 394±3 3.08±0.02 1.53±0.09 1.25 53 
XIII 393±3 3.08±0.02 1.43±0.07 1.17 54 
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INTRODUCTION 
Lubricants are excipients that play a key role 
on compaction and tablet properties, such as 
hardness, friability, and 
disintegration/dissolution (1). 
The aim of this study was to evaluate the 
effect of the content values of lubricants on 
lubrication efficiency (R) and compaction 
behaviour (force/time and force/displacement 
compression profiles) from direct 
compression tablets. In this work four 
lubricants were used, namely two insolubles 
(stearic acid and sodium stearyl fumarate 
(Pruv®)) and two solubles (polyethylene 
glycol 4000 (PEG 4000) and sodium lauryl 
sulphate (SLS)), in four percentages (0.5%, 
1%, 2% and 3%, w/w). Acetylsalicylic acid 
(ASA) was used as a model of a poorly 
soluble drug.  
 
Tab. 1: ASA tablets composition (mg). 

MATERIALS AND METHODS 
 

Materials 

The raw materials used were ASA 
(Acofarma®), Tablettose® 70 (lactose 
monohydrate; soluble filler with fragmentable 
behaviour; Meggle), Pruv® (JRS Pharma), 
stearic acid (Acofarma®), PEG 4000 
(Acofarma®) and SLS (Acofarma®). 
 

Manufacture of tablets 
For all formulations, ASA and filler were 
blended in a Turbula® mixer (T2C, WAB) for 
15 minutes. Afterwards, the lubricant was 
added and blended for 5 minutes in the same 
mixer. 
Tablets, with a target weight of 400 mg (± 20 
mg) and a hardness of 75 N (± 15 N), were 
prepared by direct compression using an 
instrumented alternative machine (DOTT 
Bonapace, model CPR-6) coupled to a 
computer. The punches had 11 mm diameter 
with plane surface and the preparation was 
performed at room temperature. Seventeen 
formulations (batches of 50 g) were studied 
and tablets composition is given in Table 1. 
With software Cosalt-write, Cosalt-read and 
FIMA Compression Data Analysis, it was 
possible to measure the energies and forces 
during compaction and to register 
compression curves (force/time and 
force/displacement). R (mean ± standard 
deviation (SD), n = 10) was evaluated using 
the equation 1. 
 

 

 R 	                                
(1)

 
 

 

where FS is the exerted force by the upper 
punch and FI is the applied force in the lower 
punch. 
 
Characterization of the tablets 
Weight uniformity (mean ± SD, n = 10, 
analytical balance Mettler AE 200, Mettler 
Toledo), thickness (mean ± SD, n = 10, 
electronic digital caliper, model number 
Z22855, Powerfix®) and hardness (mean ± 
SD, n = 10, tablet hardness tester Erweka 

Formulations I II III IV V VI VII VIII IX X XI XII XIII XIV XV XVI XVII 

ASA 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 
Tablettose® 70 300 298 296 292 288 298 296 292 288 298 296 292 288 298 296 292 288 

Pruv® - 2 4 8 12 - - - - - - - - - - - - 
Stearic acid - - - - - 2 4 8 12 - - - - - - - - 
PEG 4000 - - - - - - - - - 2 4 8 12 - - - - 

SLS - - - - - - - - - - - - - 2 4 8 12 
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TBH 28, Erweka GmbH) were evaluated in 
the obtained tablets.  
Friability was determined by submitting 10 
previously weighed tablets to rotation for 4 
minutes in a friabilator (EF-1W, Electrolab), 
set at 25 rpm/min. After 4 minutes, the tablets 
were reweighed and friability was calculated. 
Tensile strength (mean ± SD, n = 10) was 
assessed using equation 2, as it takes into 
account the dimensions of the tablets. 
 

Tensile	strength                  
(2) 

 

where P is the hardness (N), D and t are the 
diameter (mm) and thickness (mm) of the 
tablet, respectively. 
 

RESULTS AND DISCUSSION  

Tablets with uniform aspect and suitable 
physical properties were produced (Table 2). 
However, the obtained tablets presented a 
friability value greater than 1.0%, but the 
tensile strength was adequate (> 1.0 MPa) (2). 
Examples of the force/time and 
force/displacement compaction profiles are 
shown in Figures 1 and 2. The formulas I 
(without lubricant), VI (stearic acid 0.5%), X 
(PEG 4000 0.5%) and XI (PEG 4000 1.0%) 
presented an inadequate lubrication (R < 0.8).  
 

CONCLUSIONS 

Sodium stearyl fumarate was the lubricant 
that showed the better R value. Stearic acid 
and PEG 4000 presented similar values. SLS 
demonstrated adequate lubrication, but 
required higher compaction forces. 
Tab. 2: Physical properties of tablets and R. 

 
Fig. 1: Force (kN)/time (s) compression profile obtained from 
one tablet of formula II (sodium stearyl fumarate 0.5%, w/w). 
 

Fig. 2: Force (kN)/displacement (mm) compression profile 
obtained from one tablet of formula II (sodium stearyl fumarate 
0.5%, w/w). 

 
REFERENCES  
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Formulations Weight (mg) Thickness (mm) Tensile strength (N/mm2) Friability (%) R 

I 403±3 3.14±0.01 1.44±0.15 1.65 0.780±0.004 
II 409±4 3.12±0.03 1.40±0.14 1.39 0.912±0.004 
III 411±2 3.11±0.01 1.56±0.10 1.52 0.981±0.006 
IV 410±2 3.09±0.01 1.22±0.16 1.52 0.986±0.002 
V 410±2 3.07±0.02 1.41±0.08 1.28 1.000±0.000 
VI 402±2 3.11±0.01 1.55±0.12 1.47 0.743±0.031 
VII 404±2 3.10±0.02 1.38±0.16 1.31 0.825±0.005 
VIII 404±2 3.11±0.02 1.49±0.02 1.35 0.826±0.006 
IX 402±3 3.10±0.02 1.37±0.13 1.35 0.825±0.004 
X 403±3 3.10±0.03 1.63±0.14 1.40 0.786±0.006 
XI 405±2 3.14±0.02 1.42±0.08 1.53 0.776±0.007 
XII 403±2 3.10±0.02 1.58±0.07 1.29 0.809±0.008 
XIII 406±1 3.09±0.01 1.62±0.08 1.33 0.831±0.008 
XIV 398±2 3.00±0.02 1.67±0.24 1.35 0.894±0.018 
XV 407±2 3.08±0.02 1.45±0.20 1.46 0.864±0.031 
XVI 416±2 3.13±0.02 1.52±0.22 1.35 0.977±0.030 
XVII 408±2 3.10±0.03 1.38±0.16 1.41 1.000±0.000 
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INTRODUCTION 

Within the last decades physiologically based 
in silico models have emerged into a sound 
biopharmaceutical toolkit. Among other 
benefits, these models can be used to explore 
mechanistic hypotheses and to identify the 
phenomena influencing drug absorption and 
disposition. 
The purpose of this study was to generate a 
drug-specific in silico model to elucidate the 
key mechanisms governing rebamipide 
(RBM) bioperformance after oral 
administration, and to identify the key 
parameters affecting the rate and extent of 
this drug absorption. 
RBM is a novel gastroprotective agent, whose 
exact mechanism of oral absorption is still not 
elucidated. In addition, literature data on 
RBM biopharmaceutical properties (i.e., 
membrane permeability) are not consistent (1-
3). 
 
MATERIALS AND METHODS 

A comprehensive analysis of literature data 
was performed to collect information on 
RBM biopharmaceutical properties.  
Computer simulations were run on 
GastroPlusTM software (version 9.0.0007, 
SimulationPlus Inc., USA). Drug absorption 
was modeled using the Advanced 
Compartmental Absorption and Transit 
(ACAT) fasted-state model. The selected 

input parameters are summarized in Tabs. 1 
and 2.  
The predictability of the generated model was 
measured by the percent prediction error 
(%PE) between the simulated and in vivo 
observed data: 
 

100% 



observed

predictedobserved
PE  

 
Tab. 1: Summary of input parameters 

Parameter Value 

Molecular weight 370.79 g/mol 

logP/LogD (pH 7.4) 2.90/-1.26 

pKa   3.38 

Human permeability  1.40 x10-4 cm/s 

Solubility (pH 1.2) 0.33 μg/mL 

Drug particle radius 25 μm 

Dose  100 mg 

Dosage form IR tablet 

Dose volume  250 ml 

Body weight  69.44 kg 

Diffusion coefficient 0.68 x 10-5 cm2/s 

Blood/plasma concentration ratio 1.00  

Unbound percent in plasma  5%  

Clearance  10.92 L/h 

Volume of distribution  0.36 L/kg 

 
Tab. 2: Absorption scale factors (ASF) used to scale drug 
permeability through gastrointestinal compartments 

Compartment Default ASF Optimized ASF 

Duodenum 2.852 2.852 

Jejunum 1 2.787 0.250 

Jejunum 2 2.745 0 

Ileum 1 2.699 0 

Ileum 2 2.626 0 

Ileum 3 2.548 0 

Caecum 0.052 0 

Asc colon 0.079 0 

 
RESULTS AND DISCUSSION 

Literature data 
RBM is a poorly-soluble drug with pH-
dependent solubility in the physiological pH 
range (4). LogP value (Tab. 1) and PAMPA 
assay results indicate high RBM 
lipophilicity/passive permeability (1,2), in 
contrast to Caco-2 cells results which pointed 
out poor drug permeability (1). Study on the 
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isolated rat intestine indicated regional 
differences in RBM permeability, with higher 
permeability in proximal intestine (3). After 
oral administration RBM is rapidly absorbed, 
but systemic bioavailability (BA) is rather 
low (<10%) (3). RBM binds to gastric mucus 
and penetrates into gastric mucosa (5). 
 
In silico simulations 
Based on different hypothesis, two RBM-
specific absorption models were constructed. 
The main premise in Model A was that RBM 
permeability is high due to high drug 
lipophilicity. Therefore, drug permeability 
value was optimized (Tab. 1) to match the 
ascending part of the resultant profile 
(absorption phase) to the in vivo data. The 
generated profile A1, based on default ASF 
factors (Tab. 2), overestimated the extent of 
drug absorption in comparison to the in vivo 
data (Fig. 1), so the ASF values were 
optimized. The simulated profile A2 fitted the 
in vivo data well (Tab. 3), and the resultant 
ASF values (Tab. 2) indicated that RBM 
absorption happens only in the proximal parts 
of the intestine.  
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Fig. 1: Predicted and observed (6) RBM plasma concentration-
time profiles; the simulated profiles A2 and B overlap (insert) 
 

Model B was constructed assuming RBM BA 
is low due to intensive binding to gastric 
mucus (5), and only a small amount of drug 
available for absorption. To illustrate this 
scenario, RBM dose (representing the dose 
available for absorption) was decreased to 
10% of the labelled amount. The ASFs were 
kept on default values, and optimized human 
permeability value was used. Profile B also 

gave accurate prediction of the in vivo data 
(Fig. 1, Tab. 3). 
 
Tab. 3: Comparison of the predicted and observed (6) PK 
parameters for 100 mg RBM dose 

Parameter Cmax (ng/mL) tmax (h) 
AUC 
(ng h/mL) 

Observed mean 
(range) 

184.00 
(113.09-328.05) 

2.00 
(0.90-3.20) 

941.15 
(500.37-1346.79) 

Model A2 182.48 2.28 903.88 

%PE 0.83 -14.00 3.96 

Model B 191.11 2.16 831.51 

%PE -3.86 -8.00 11.65 

 

CONCLUSIONS 

Based on the simulation results and analysis 
of literature data, the following conclusions 
can be made: 
 Due to high lipophilicity, RBM membrane 

permeability is high, 
 RBM absorption happens predominantly in 

proximal parts of the intestine,  
 Extensive binding to gastric mucus might be 

the reason for low RBM BA after oral 
administration. 
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INTRODUCTION 

Recent developments in the area of 
physiologically-based in silico modelling 
comprise the introduction of a novel Oral 
Cavity Compartmental Absorption and 
Transit (OCCAT™) model intended to 
mechanistically interpret drug absorption 
from the oral cavity (1). Intraoral (IO) drug 
delivery provides certain advantages over 
conventional oral dosage forms due to 
improved drug pharmacokinetic (PK) 
properties. In addition, IO delivery may 
enhance patient compliance with a more 
convenient and discreet administration, as 
typically no water intake is required during 
dosing (2). 
The purpose of this work was to develop a 
physiologically-based oral cavity model for 
the prediction of paracetamol (PAR) 
absorption following administration of an 
orally disintegrating tablet (ODT), and to 
compare the simulated outcome with drug 
absorption from immediate-release (IR) 
tablet. 
 
MATERIALS AND METHODS 

GastroPlusTM software (version 9.0.0007, 
SimulationPlus Inc., USA) was used for 
computer simulations. Drug absorption was 
modeled using the Advanced Compartmental 
Absorption and Transit (ACAT) fasted-state 

model, linked with physiologically-based 
pharmacokinetic (PBPK) model to simulate 
drug disposition through different tissues, and 
OCCATTM model in the case of ODT 
formulations. Summary of the input 
parameters (obtained from literature, 
experimentally determined or in silico 
estimated) is given in Tab. 1.  
The predictability of the generated model was 
measured by the percent prediction error 
(%PE) between the simulated and in vivo 
observed (3) data: 
 

100% 



observed

predictedobserved
PE  

 
Parameter sensitivity analysis (PSA) was used 
to assess the effect of the selected OCCATTM 
model parameters on the extent of PAR 
absorption in the oral cavity.  
 
Tab. 1: Summary of input parameters 
 

Parameter Value 

Molecular weight 151.17 g/mol 

logP  0.51 

pKa  (acid) 9.50 

Permeability  2.26 x10-4 cm/s 

Solubility in water 23.70 mg/mL 

Dose  500 mg 

Dosage form IR tbl, IO tbl 

Dose volume  200 ml (IR tbl) 

Body weight  62.50 kg 

Diffusion coefficient 1.11 x 10-5 cm2/s 

Blood/plasma concentration ratio 1.58  

Unbound percent in plasma  82%  

Hepatic clearance  12.03 L/h 

Renal clearance  0.57 L/h 

Diffusivity through oral cavity tissues  3.17 x 10-7 cm2/s 

Fraction unbound in oral mucosa (Fut) 0.36 

Saliva production rate (floor) 0.32 mL/min 

Saliva production rate (buccal) 0.04 mL/min 

Oral transit model Hold & Swallow 

Hold time in the oral cavity 2 min 

ODT dose deposition in the oral cavity: 

50% tongue-bottom, 50% floor (sublingual, SUB) 
43,9% palate, 56,1% tongue-top (supralingual, SUP1) 
15% buccal, 35% palate, 50% tongue-top (supralingual, SUP2) 
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RESULTS AND DISCUSSION 

The simulated PK profiles for PAR IR tablet 
matched the in vivo data well (Fig. 1, Tab. 2) 
indicating good predictability of the generated 
model.  
Virtual administration of ODT formulation 
resulted in similar PAR apsorption profile, 
with slightly decreased Cmax and prolonged 
tmax in comparison to a conventional IR tablet. 
In addition, the fraction of PAR absorbed in 
the oral cavity (Foc) depended upon dose 
deposition in different oral cavity regions, i.e. 
increased absorption from buccal region 
increased Foc (Tab. 2). 
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Fig. 1: Predicted (lines) and observed (3) PAR plasma 
concentration-time profiles following administration of PAR IR 
and ODT tablets; the simulated profiles overlap 

 
Tab. 2: Comparison of the predicted and observed (3) PK 
parameters for 500 mg PAR dose 
 

Parameter 
Cmax 
(μg/mL) 

tmax (h) 
AUC 
(μg h/mL) 

Foc (%) 

Observed 
(IR tablet) 

7.26 0.79 30.50 / 

Simulated 
(IR tablet) 

7.00 1.44 32.56 / 

%PE 3.57 82.20* 6.75 / 

Simulated 
(SUB) 

6.91 1.51 26.66 3.50 

Simulated 
(SUP1) 

6.89 1.51 32.67 3.70 

Simulated 
(SUP2) 

6.57 1.60 33.01 15.00 

*  Reported mean tmax values after oral administration of IR tablets 
vary between 0.17 and 3 h (4) 
 

PSA revealed that percent of PAR absorbed 
in the oral cavity also depends on saliva 
production rate, drug diffusivity through soft 
(DiffSoft) and keratinized (DiffKer) oral 
cavity tissues and fraction unbound in oral 
cavity mucosa, while oral residence time has 
no significant effect on this value (Fig. 2). 

The simulated PAR concentrations in saliva 
(Csal) exceeded the bitterness threshold for 
this drug (5); still Csal-time profiles depended 
upon regional dose deposition and saliva 
production rate. 
 

10

15

20

25

0.1 1 10

F o
c
(%

)

log	(input	parameter)

Fut

Hold	time

DiffSoft

DiffKer

Saliva	production	rate

 
 
Fig. 2: PSA results: The dependence of Foc on the selected input 
parameters; the center of the x-axis for each of the tested 
parameters represents the value that was used in the simulations 
 

CONCLUSIONS 

The obtained results indicate that IO dosing 
might be a convenient route for PAR 
administration, resulting in similar absorption 
profile as with conventional IR tablets. 
However, due to sensation of bitterness, taste 
masking techniques should be considered in 
the formulation of PAR ODT preparations. 
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INTRODUCTION 

In silico modelling of drug absorption and 
disposition emerged as a prominent tool for 
biopharmaceutical characterization of 
drugs/pharmaceutical products (1). Once 
validated, the sophisticated physiologically 
based pharmacokinetic (PBPK) models may 
predict drug bioperformance from different 
dosage forms, through different dosing sites 
and in different patients/populations groups. 
The aim of this study was to explore the 
possibilities to develop a drug-specific in 
silico model for the prediction of sodium 
benzoate (NaB) bioperformance following 
intravenous (i.v.) and peroral (p.o.) 
administration, and to identify critical 
parameters affecting the absorption and 
disposition of this drug. 
NaB is an orphan drug for the treatment of 
non-ketotic hyperglycinemia, usually in 
children (2). Due to large heterogeneity in 
children’s population, drug dose and dosing 
regimen have to be patient-adjusted; 
therefore, PBPK modelling could possibly 
serve as a basis for NaB personalized therapy. 
 
 

 

MATERIALS AND METHODS 

GastroPlusTM software (version 9.0.0007, 
SimulationPlus Inc., USA) was used for 
computer simulations. Drug absorption was 
modelled using the Advanced Compartmental 
Absorption and Transit (ACAT) model, 
linked with PBPK model to simulate drug 
disposition. Tissue-plasma partition 
coefficients (Kp) were calculated using 
different equations. The required input 
parameters (Tab. 1) were taken from literature 
or in silico estimated. Published data from 
different in vivo studies (3, 4) were used to 
evaluate the resultant NaB PBPK model.  
 
Tab. 1: Summary of input parameters 

Parameter Value 

Molecular weight 122.13 g/mol 

logP  -2.13 

pKa   4.20 

Permeability  8.02 x10-4 cm/s 

Solubility in water 630 mg/mL 

Diffusion coefficient 1.24 x 10-5 cm2/s 

Blood/plasma concentration ratio 1.00  

Unbound percent in plasma  13%  

Hepatic clearance  68.11 L/h 

Michaelis-Menten constant, Km 919.30 mg/L 

Maximum conversion rate, Vmax 0.04 mg/s 

 
RESULTS AND DISCUSSION 

In silico modelling indicated large 
interindividual variability in NaB 
pharmacokinetics after i.v. and p.o. 
administration, and non-linear dose 
dependence. Namely, in order to match each 
of the observed clinical datasets, model 
parameters needed to be adjusted (Fig. 1, Tab. 
2).  
Drug plasma concentration-time profiles 
following i.v. administration were 
successfully simulated using both hepatic 
clearance and Michaelis-Menten equation 
Vmax and Km values for glycine-N-
acyltransferase (GLYAT), the enzyme 
regulating glycine and NaB metabolism (Fig. 
1a). Due to the lack of data, the enzyme 
expression level in liver and kidney were 
optimized (Tab. 2). 
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The generated model parameters for i.v. 
administration were not applicable for p.o. 
dosing, due to differences in the extent of 
drug metabolism. Therefore, enzyme 
expression values were additionally adjusted 
to match the in vivo observed dataset (Fig. 
1b).  
The same procedure (enzyme expression 
optimization) was applied to simulate plasma 
profile following oral administration of high 
NaB dose (2.7 g). In this case, model 
adjustments also included changes in Kp 
calculation method (Fig. 1c, Tab. 2). 
According to the simulation results, drug 
physicochemical properties are not expected 
to limit oral absorption (high solubility, high 
permeability), and variations in the 
expression and activity of metabolic enzymes 
are the key factors influencing NaB plasma 
concentrations. These findings are in 
agreement with pharmacogenetics data 
indicating notable variations on the level of 
genes responsible for the expression of 
GLYAT (5). 
 
Tab. 2: PBPK model parameters  

Model Specifics/Model parameters (values) 

Model 1 
(i.v.) 

- Based on hepatic clearance data 
- Berezhkovskiy method for Kp calculation 

Model 2 
(i.v.) 

- Based on Vmax and Km enzyme data 
- Berezhkovskiy method for Kp calculation 
- Optimized enzyme expression in liver (38.0 mg 

enz/g tissue) and kidney (47.9 mg enz/g tissue) 

Model 3 
(p.o.) 

- Based on Vmax and Km enzyme data 
- Berezhkovskiy method for Kp calculation 
- Optimized enzyme expression in liver (2.2 mg 

enz/g tissue) and kidney (2.8 mg enz/g tissue) 

Model 4 
(p.o.) 

- Based on Vmax and Km enzyme data 
- Poulin&Theil-Extracellular method for Kp 

calculation 
- Optimized enzyme expression in liver (5.0 mg 

enz/g tissue) and kidney (6.3 mg enz/g tissue) 

 
CONCLUSIONS 

The obtained results indicate that there is no 
single drug-specific PBPK model, based on a 
unique set of pharmacokinetic parameters, for 
the prediction of NaB bioperformance. 
Moreover, in this case in silico predictions are 
limited by the lack of data on individual 
expression and activity of the enzyme 
metabolizing NaB. 
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Fig. 1: Predicted (lines) and observed (open squares) NaB 
plasma concentration-time profiles following i.v. and p.o. 
administration of different NaB doses: 400 mg i.v. (a); 400 mg 
p.o. (b); 2.7 g p.o (c) 
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INTRODUCTION 

Under suitable conditions chitosans (CHs) 
can interact with polyanions, creating 
polyelectrolyte complexes (PECs). The 
reversible nature of interaction between 
consisting polymers and their pH-sensitivity 
make PECs particularly suitable for drug 
delivery (1, 2). 
This study was aimed to prepare CH-
tripolyphosphate (TPP) microparticles 
reinforced via CH polyelectrolyte 
complexation with Eudragit® L 100-55 (EL) 
and to investigate the influence of CH 
molecular weight (MW), concentration and 
pH of gelling medium on characteristics of 
the reinforced microparticles. 
 
 

 

 

MATERIALS AND METHODS 

Materials 
TPP, medium (MCH, 190–300 kDa) and high 
MW CH (HCH, 310–375 kDa) were 
purchased from Sigma-Aldrich (USA). EL 
was donated by Evonik Industries AG 
(Germany). All other chemicals were of 
analytical grade. 
 

Microparticles preparation 
Microparticles were prepared by one-stage 
procedure using an air-jet device. Briefly, 3% 
w/w naproxen dispersion in CH solution was 
added dropwise in TPP solution containing 
EL. CHs MW and concentration, and pH of 
the gelling medium were varied according to 
Table 1. 
 
Tab. 1: Composition of investigated microparticles. 

 
 
Microparticles characterization 
Interaction between particles components and 
the state of encapsulated naproxen were 
investigated by Fourier transform infrared 
(FTIR) spectroscopy and differential scanning 
calorimetry (DSC). The FT-IR spectra were 
recorded using a Nicolet iS10 FT-IR 
Spectrometer (Thermo Fisher Scientific, UK) 
in the wavelength range between 3500 and 
650 cm–1 with a resolution of 4 cm–1. The 
DSC measurements were carried out using a 
DSC 1 instrument (Mettler Toledo, 
Switzerland). The samples were heated in a 
standard Al pans from 25 to 320 °C at a 
heating rate of 10 °C/min under a constant N2 
flow rate of 50 ml/min. 
Naproxen encapsulation efficiency (EE%) 
was determined by indirect method. In brief, 
after 2 h of incubation, the microparticles 
were removed from the gelling medium and 
the amount of non-encapsulated drug was 
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determined spectrophotometrically at 330 nm 
(Evolution 300 spectrophotometer (Thermo 
Fisher Scientific, UK). 
The in vitro release of naproxen from 
microparticles was performed using a CE7 
(Sotax, Switzerland) flow-through cell 
dissolution tester under a flow rate of USP pH 
6.8 phosphate buffer at 1 ml/min. 
 
RESULTS AND DISCUSSION 

The absorption bands of both CH and EL 
were present in the FT-IR spectrum of CH-
TPP particles treated with EL (Fig. 1) 
confirming the presence of EL in the particles 
structure and non-covalent interaction 
between the two polymers within PEC. 
 

 
Fig. 1: FT-IR spectra of EL, blank CH-TPP and CH-TPP-EL 
microparticles 
 

The presence of sharp endothermic peak at 
156°C due to naproxen melting on 
thermograms of both EL-treated and non-
treated CH-TPP microparticles (results not 
shown) indicated that mild conditions of the 
encapsulation procedure did not affect 
original crystalline state of the drug. 

 
 
Fig. 2: Naproxen in vitro release profiles from the microparticles  

EE% for all the investigated formulations 
ranged from 90,57 ± 0.9 to 98.3 ± 1.1, 
whereas the lowest EE% value was observed 
for microparticles obtained at higher pH 
values (F5). This could be ascribed to the 
better solubility of naproxen at higher pH 
values, and also to the weaker interaction 
between CH and EL, due to CH 
deprotonation. 
All the formulations exhibited relatively rapid 
initial release of encapsulated naproxen, with 
t50% between 47 min (F3) and 90 min (F2), 
followed by sustained release (Fig. 1). 
The drug release was somewhat slower from 
the microparticles consisted of HCH. That is, 
HCH forms more viscous layer around the 
particles in dissolution medium in comparison 
to the MCH, making the drug diffusion more 
difficult. Naproxen release from F2 particles 
was slower than from F1 particles confirming 
that more concentrated CH solution forms 
stronger particles. 
 
CONCLUSIONS 

CH-TPP microparticles were successfully 
reinforced via CH-EL PEC. Non-covalent 
interaction between CH and EL and the 
presence of the drug crystals within the 
particles matrix were confirmed by FT-IR 
spectroscopy and DSC. Both EE% and the 
ability of the PEC to sustain drug release 
were affected by the CH MW and 
concentration in doping dispersion and pH 
value of gelling medium. 
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INTRODUCTION 

Poloxamers are non-ionic poly (ethylene 
oxide) (PEO)–poly (propylene oxide) (PPO) 
copolymers. In pharmaceutical formulations 
are used mainly as surfactants, emulsifying 
agents, solubilizing agent, dispersing agents, 
and in vivo absorbance enhancers (1). Due to 
their amphiphilic nature, poloxamer 
molecules can readily self-assemble to form 
micelles depending on the concentration and 
temperature. Dehydration of the hydrophobic 
POP blocks combined with hydration of the 
POE blocks leads to the formation of 
spherical micelles, and subsequent packing of 
the micellar structure results in a 3D cubic 
lattice that constitutes the main structure of 
Poloxamer hydrogels. These hydrogels are 
characterized by the ability to carry a 
significant amount of a drug. They are also 
biodegradable, non-toxic, and stable, and 
therefore are suitable for use as controlled-
release agents (2).  
 
 

 

 

MATERIALS AND METHODS 
 

Materials 
Poloxamer® 407 (POL) was obtained from 
Sigma Aldrich Chemie GmbH, Germany; 
Terbinafine hydrochloride was kindly 
supplied by Zentiva a.s. (Slovakia); 
polysorbate 80 (Tween 80), oleic acid, 
sodium chloride, potassium dihydrogen 
phosphate were purchased from Centralchem 
s.r.o. (Slovakia), disodium hydrogen 
phosphate and phosphoric acid were from 
Merck KGaA (Germany). 
 
Preparation of samples 
Poloxamer gels were prepared by the cold 
method according Schmolka (3). A weighed 
amount of POL (20%) was added to the water 
(at 8°C) and to the phosphate buffer solution 
(at 8°C) with different pH (3,0; 5,5) while 
continuous stirring. Aqueous mixtures were 
kept overnight at 8°C to effect complet 
solution. The clear and viscous Poloxamer 
gels were created upon warming to room 
temperature. Terbinafine hydrochloride (0,5% 
w/w) was dissolved in ethanol (96% w/w) or 
in O/W microemulsion and dispersed in gels. 
The ratio of microemulsion and gel was 1:4. 
 
Rheology measurement 
The rheological properties of gels were 
evaluated with rotary viscometer Viskotester 
VT 500 (Gebrüder Haake Gmbh, Karlsruhe, 
Germany) at 21±0,5°C. 
 
In vitro permeation studies 
The influence of type of Poloxamer gels 
with/without microemulsion on the release of 
Terbinafine hydrochloride was evaluated by 
using Franz cells through the regenerated 
cellulose membrane (SpectraPor®, 
SpectrumLabs, USA) in phosphate buffered 
saline during 6 hours. The released amount of 
drug was determined spectrophotometrically 
(Spectrophotomer Phillips PV 9652 UV/VIS) 
at 224nm.  
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RESULTS AND DISCUSSION 

This work evaluates the influence of 
Poloxamer gels with different vehicles on the 
release of poorly soluble drug. Rheological 
profile of Poloxamer gels indicated non- 
Newtonian, thixotropic behaviour. Viscosity 
was dependent of the length of time that shear 
rate was applied and increased with 
decreasing pH (Tab. 1).  
Terbinafine hydrochloride was used as model 
drug and O/W microemulsion consisting from 
purified water, oleic acid and Tween®80 as 
surfactant, for its solubilization. Used 
microemulsion was prepared by  phase 
titration method and characterized in terms of 
viscosity and pH. 
 
Tab. 1: Characterization of Poloxamer gels and microemulsion. 
 

Formulation Vehicle pH Viscosity*[Pa.s] 

Gel 1 water 6,22±0,1 13,968±0,0176 

Gel 2 PBS, pH 5,5 5,46±0,1 18,624±0,0173 

Gel 3 PBS, pH 3,0 3,34±0,1 22,699±0,0015 

ME - 5,21±0,1 0.031±0,0006 
*share rate 6,45 s -1 

 

Microemulsion markedly decrease the 
cumulative amount of drug, compared to 
formulation without microemulsion  twofold 
(Fig. 1). 
 

 
 
Fig. 1: The released amount of Terbinafine hydrochloride 
(THCl) from Poloxamer gels with and without microemulsion. 

 
Microemulsion created the reservoir of the 
drug by its incorporation into oil phase and 
slowed down the release. 
The pH of the used gel vehicles affected the 
release of Terbinafine hydrochloride 
significantly (p˂0.05). As Fig. 1 ilustrated, 

the highest amount of the drug was released 
from Poloxamer gel with the phosphate buffer 
solution (pH 3,0) as the vehicle – 6,501%.  
 

CONCLUSIONS 

Poloxamer gels show advantageous properties 
presented in broad spectrum of drug 
formulation. This study demonstrated the 
effect of the gels vehicles for the release of 
Terbinafine hydrochloride. The decreased pH 
increased the cumulative amount of the drug. 
The Poloxamer gels containing phosphate 
buffer solution with pH 3,0 could be 
considered as potential carries of Terbinafine 
hydrochloride for topical application. 
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INTRODUCTION 

Chokeberry (Aronia melanocarpa) is a rich 
source of polyphenols with confirmed health 
benefits. Nowdays there is increasing interest 
for chokeberry extracts, very rich sources of 
antioxidant phenolics, especially 
anthocyanins, which could be useful in 
prevention and treatment of cardiovascular 
diseases, diabetes and many other chronic 
diseases. Problem with instability of 
polyphenols in extracts could be solved using 
the microencapsulation technology. The main 
goal of microencapsulation are stability 
enhancement of bioactive compounds, 
protection from harmful environmental 
conditions, shelf life extension, controlled 
delivery, covering unpleasant taste (bitter 
taste of polyphenols), and circumvention the 
damaging effects of gastrointestinal tract. 
Spray drying is simple, low cost and one of 
the most convenient microencapsulation 
method for controlled production of small 
particles with uniform and desirable size. 
Encapsulation of 50% chokeberry ethanolic 
extracts, one prepared from dried berries-CE 
and one after juice production-CWE, with 

different carriers were employed. 
Encapsulation systems were examined and 
compared in order to choose the optimal one.  
 

MATERIALS AND METHODS 

Spray drying method was applied for 
microencapsulation of 50% ethanolic 
chokeberry extracts-CE (2.52mg GAE/ml) 
and 50% ethanolic chokeberry extract from 
waste-CWE (4.11mg GAE/ml) (with prior 
ethanol evaporation) under the below-stated 
spray-drying conditions. Two different 
biopolymers: maltodextrin and summed milk, 
in same concentration (20%, w/v) were used 
for microencapsulation. They prepared by 
dissolving a required amount of each 
encapsulant in previously prepared extracts at 
40 °C. The resulting solutions were mixed, 
homogenized prior to spray drying. A spray 
dryer (Büchi mini B-290, Büchi Labortechnik 
AG, Switzerland) with a 0.7-mm standard 
diameter nozzle was used with inlet 
(130±3°C) and outlet (56±2°C) temperatures. 
Relatively low spraying air flow rate (536 
L/h), liquid feed (8 mL/min rate), atomization 
pressure (6 psi) and low inlet temperature 
were chosen in order to ensure a good 
atomization along the liquid feed rate and to 
obtained a stable powder (especially to ensure 
anthocyanins stability) with high actual 
loading. 
The release profiles for the polyphenols and 
anthocyanis from microbeads in water were 
investigated determining the total polyphenol 
content-TP using Folin-Ciocalteau method 
and total anthocyanins content-TA using the 
procedure described in European 
Pharmacopoeia 6.0. (2008) with slight 
modifications.  
Transmission spectra of of obtained spray-
dried powders were recorded using a 
IRAffinity-1 Fourier transform infrared 
spectrophotometer (Schimadzu, Japan) and 
applying the KBr disc method. Microbeads 
were mixed with KBr powder and 
compressed to pastilles. Infrared spectra over 
the wavelength range 4000 to 600 cm−1 were 
recorded and the resolution was 4 cm−1. 
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The size of the encapsulated microbeads was 
deter-mined using Mastersizer 2000 (Malvern 
Instruments, Worcester-shire, UK). The mean 
diameter over volume (also called 
DeBroukere mean) was used as representative 
diameter. 
 

RESULTS AND DISCUSSION 

Influence of matrix and different extracts on 
the active compounds stability in obtained 
microparticles were evaluated. The impact of 
different type of carriers on phenolics and 
anthocyanins realise has been observed. For 
both extracts, better TP realise was achieved 
with summed milk as a carrier (1.79 mg 
GAE/g for CE, 2.56 mg GAE/g for CWE, 
respectively) in comparasion with 
encapsulated maltodextrin (1.20 mg GAE/g 
for CE, 2.07 mg GAE/g for CWE, 
respectively). Better realise of TA was 
achieved with maltodextrin (0.031% for CE, 
0.5663% for CWE, respectively) than with 
skimmed milk (0.022% for CE, 0.3611% for 
CWE, respectively). Phenolis and 
anthocyanins compounds were released very 
rapidly from spray dried microbeads.  
Particle size for obtained microparticles 
ranged from 4.72-11.01µm for both carriers 
and extracts, which confirmed that spray 
drying is suitable method for production of 
small particles with uniform size. In the case 
with both extracts, microbeads obtained with 
maltodextrin were smaller (4.27µm for CE, 
5.12µm for CWE, respectively) in 
comparation with skimmed powders (8.50µm 
for CE, 11.01µm for CWE, respectively). 
Deserable particle size depends on future 
application. Larger particles provide more 
extended realise of encapsulated compounds, 
while smaller beads have better organoleptic 
charateristics, which is important for 
application in food or pharmaceutical 
products. Optimization of process parameters, 
spraying air flow rate, rate of liquid speed, 
atomization process, could provide 
microbeads with uniform size, desired 
diameter and high uniformity.  
FTIR spectrum of encapsulated CE and CWE 
in maltodextrin and skimmed milk showed 

several relevant picks. Picks in range about 
1000cm-1 could be attributed to the –C–O of 
cyclic ether and alcoholic groups from 
polyphenols, especially in the case of 
maltodextrin. FTIR analysis showed that CE 
and CWE were successfully incorporated into 
the particles and it could be concluded that 
used matrixes are compatible materials for 
extracts encapsulation. CE and CWE 
bioactive molecules were incorporated in the 
biopolymer matrix by intermolecular 
interactions, they integrity were preserved 
after spray drying process.   
 

CONCLUSIONS 

This study demonstrates the potential of spray 
dried microbeads for encapsulation of 
chokeberry and chokeberry waste 
polyphenols in order to improve their 
functionality, stability and bioavailability. 
Our result showed that stability of 
polyphenols, especially anthocyanins might 
be improved using spray drying as 
microencapsulation tehnology. Chokeberry 
polyphenol microbeads, due to their 
antioxidant potential, represent a promising 
food additive for incorporation into dietary 
suplements, functional food or 
pharmaceutical and cosmetic preparations. 
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INTRODUCTION 
Poly(ethylene glycol) (PEG) currently 
represents the gold standard for stealth 
polymers in drug delivery (1). However, 
concerns regarding immune responses, 
formation of PEG-antibodies, an accelerated 
blood clearance phenomenon after multiple 
applications, and nonbiodegradability of PEG 
resulting in body accumulation of high-molar-
mass PEGs arose with an increasing number 
of clinical trials and a more profound 
experience with PEG in humans (2). Hence, 
intensive efforts were made to search for 
alternative stealth polymers. 
In recent years, poly(2-alkyl-2-oxazoline)s 
(POx) have been discussed as potential 
alternatives for PEG as stealth polymers (3). 
POx are water-soluble and long-chain 
polymers that has many advantages such as 
low toxicity, good hydrophilicity, flexibility, 
and biocompatibility. POx have been 
approved by FDA (US Food and Drug 

Administration) for use as an indirect food 
additive. Physicochemical properties of POx 
such as the non-ionic character, a broad 
solubility in hydrophilic and lipophilic 
solvents, and a high flexibility of the main 
chain were found to be comparable to PEG. 
Therefore, POx-based materials have been 
evaluated as alternatives to PEG for 
conjugation with proteins, saccharides or 
drugs. Similarly to PEG, the backbone of  
POx is composed of carbon-carbon-
heteroatom repeating units (Figure 1). Poly(2-
ethyl-2-oxazoline) (PEtOx) are very suitable 
to the pH-sensitive drug delivery for 
endosome and other weak acid sites in the 
tumor tissue. Therefore, the PEtOx-modified 
drug delivery systems have a high research 
value for anticancer drugs and genes. Similar 
to PEG, PEtOx also can increase the stability 
of liposomes in vitro and in vivo. Thus, 
PEtOx can be used as a substitute of PEG for 
liposome applications. Therefore, long 
circulating, pH-sensitive liposomes can be 
obtained when liposomes are modified by 
PEtOx (4). 
In the present study, a novel material, poly(2-
ethyl-2-oxazoline)-1,2-dioleoyl-sn-glycero-3-
phosphoethanolamine (PEtOx–DOPE), was 
designed, synthesized and characterized to 
construct liposomes as a carrier for docetaxel 
as anticancer agent. Liposomes were prepared 
by ethanol-injection method and evaluated in 
vitro. 

 

 

 

 

Fig. 1:Schematic presentation of polymerization of 2-ethyl-2-  
oxazoline. 

 
MATERIALS AND METHODS 

Materials 
2-ethyl-2-oxazline (EtOx, Aldrich) and 
acetonitrile (ACN, J.T.Baker) were purified 
over CaH2. Methyl para-toluenesulfonate 
(MeTos, Aldrich) was purified via vacuum 
distillation. Docetaxel was kindly supplied 
from Koçak Farma (Turkey). Cholesterol and 
l-α-phosphatidylcholine from egg yolk (PC) 
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INTRODUCTION 
The modern approach of the pharmaceutical 
industry has a basis in good process 
understanding and a quality that is built in the 
product, not just controlled at the end of the 
process.  
As a result of this approach the use of different 
tools that will help to gain better knowledge for 
the process and the product in the last years is 
increased. Quality by design (QbD) is a basic tool 
in the product development in which the quality is 
built. In this work the use of QbD in the early 
stage of the development of tablets is presented.  
 
MATERIALS AND METHODS 
During the preformulation studies:  following 
materials were used: 
Ramipril  (Grade-A, Aarti Drugs Ltd., India); 
Ramipril (proces-1, Zhejiang Huahai 
Pharmaceutical co., Ltd., China); Ramipril 
(proces-2 Zhejiang Huahai Pharmaceutical co., 
Ltd., China) 
For the active substance/excipients compatibility 
studies binary mixtures were prepared with the 
following materials: 
Ferric Oxide Red, USP-NF (Iron Oxide Sicovit 
Red 30 E 172, Huntsman); Ferric Oxide Yellow, 
USP-NF (Iron Oxide Sicovit Yellow 10 E172, 

Huntsman); Methocel E5 Premium LV 
Hydroxypropyl Methylcellulose (Methocel, 
Colorcon); Amidon mais pregl, EP-USP (Lycatab 
PGS, Roguette), Microcrystalline Cellulose, Ph. 
Eur (Avicel PH101, FMC); Dicalcium phosphate 
anhydrous, Ph. Eur.(Di-cafos A12, Budenheim) 
Colloidal anhydrous silica, Ph. Eur. (Aerosil 200 
Pharma, Evonik), Alcohol, dehydrated Ph. Eur.  
(Alkaloid).  
For the active substance characterization and for 
the characterization of the binary mixtures the 
following methods were used: 
PSD and morphology (Malvern Ins. Morphologi-
G3S), FT-IR-ATR spectra (Varian-660, MirAcle 
PIKE ZnSe ATR device), TG/DTG/c-DTA 
(Netzsch TG 209 F1 Iris), DSC (Netzsch DSC 
204 F1 Phoenix). 
Binary mixtures were prepared in 1:1 (W/W) ratio 
(active substance /selected excipients), and 10:1 
(W/W) ratio (active substance/pigments). The 
binary mixtures of API and all the excipients were 
prepared by dry mixing , while the binary 
mixtures of API and Methocel E5 LV; Lycatab 
PGS; Avicel PH101; Dicafos A12; pigment Iron 
oxide red and yellow were prepared by wet 
granulation with ethanol, as well. As a risk 
assesment tool in order to define the critical active 
substance parameters (CMA) that can influence 
the Critical Quality Atributes (CQA) of the final 
product, a Preliminary Hazard Analyse (PHA) 
was used. The same risk assesment tool was used 
in the selection of the excipients and the type of 
the manufacturing process that will be considered 
in the further steps of the product development. 
 
RESULTS AND DISCUSSION 
After the literature research, evaluation of the 
reference product and the results of the 
preformulation studies, as a first step of the 
product development with QbD approach, the 
Quality Target Product Profile (QTPP) and CQA 
of the product were established.  
The second step was preliminary risk assessment 
using the PHA method for establishing the critical 
active substance parameters that may have an 
influence on the CQA of the final product. 
The following conclusions were obtained: 

Tab.1: API attributes influence on the product CQA 

P=polymorphism, PSD=particle size distribution, W=water content, 
S=solubility, RS=residual solvents, I=Impurities, F=flowability,  
L=low influence, M=medium influence, H=high influence 

Final product 
CQA 

API attributes 

P PSD W S RS I F 

Assay L M H L L H M 
Content uniformity L H L L L L H 
Dissolution L M L H L L L
Impurities L L H L L H L 
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Only the parameters that can have a high 
influence on the product CQA will be considered 
in the further phases of the product development. 
After the evaluation of the binary mixtures that 
were exposed on a stress conditions of 40 °C and 
75% RH for a 30 days it was decided to exclude 
the following excipients from the next phases of 
the formulation development: sodium hydrogen 
carbonate and  starch pregelatinized, because of 
the possibility of  interactions with the active 
substance. 

[#] Instrument 
[1] DSC 204 F1
[2] DSC 204 F1
[3] DSC 204 F1

File
Ramipril+NaHCO3_initial bin mix.sd3
Ramipril+NaHCO3_40C-75%RH.sd3
Ramipril+NaHCO3_25C-60%RH.sd3

Date
2014-10-29
2014-12-03
2014-12-05

Identity
BM9
BM-9
BM-10

Sample
Ramipril+NaHCO3
Ramipril+NaHCO3
Ramipril+NaHCO3

Mass/mg
3.000
15.110
14.480

Segment
1/1
1/1
1/1

Range
24/10.0(K/min)/150
24/10.0(K/min)/150
24/10.0(K/min)/150

Atmosphere
N2, 30.0ml/min / N2, 50.0ml/min
N2, 30.0ml/min / N2, 50.0ml/min
N2, 30.0ml/min / N2, 50.0ml/min

Corr.
---
---
---

40 60 80 100 120 140
Temperature /°C

-0.5

0.0

0.5

1.0

1.5

2.0

DSC /(mW/mg)

Main    2015-01-21 12:52    User: alkaloid

[1]

[2]

[3]

 exo

 
Fig.1 DSC curves - binary mixture Ramipril and NaHCO3 

 

As a final step in the early development of the 
finished product, a PHA was made in order to 
select the appropriate tehnology that should be 
used in the next phases of the product and process 
development. 

[#] Instrument 
[1] DSC 204 F1
[2] DSC 204 F1
[3] DSC 204 F1

File
Ramipril+Licatab PGS_25C-60%RH.sd3
Ramipril+Licatab PGS_40C-75%RH.sd3
Ramipril+Licatab PGS_initial bin mix.sd3

Date
2014-12-04
2014-12-02
2014-10-29

Identity
BM-4
BM-2
BM2

Sample
Ramipril+Licatab PGS
Ramipril+Licatab PGS
Ramipril+Licatab PGS

Mass/mg
2.440
2.220
2.670

Segment
1/1
1/1
1/1

Range
24/10.0(K/min)/150
24/10.0(K/min)/150
24/10.0(K/min)/150

Atmosphere
N2, 30.0ml/min / N2, 50.0ml/min
N2, 30.0ml/min / N2, 50.0ml/min
N2, 30.0ml/min / N2, 50.0ml/min

Corr.
---
---
---

40 60 80 100 120 140
Temperature /°C

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

DSC /(mW/mg)

Main    2015-01-21 12:43    User: alkaloid

[1][2]

[3]

 exo

 
Fig.2 DSC curves-binary mixture Ramipril and LycatabPGS 

 
During the preformulation studies the TG/DTG/c-
DTA analyse showed that the active substance is 
very unstable on temperatures higher than 50°C, 
indicating that during the manufacturing process 
of tablets, an exposure of the active subtance on 
high temperatures should be avoided. 
 
 
 
 
 

Fig 3.TG/DTG/c-DTA curves of Ramipril (GradeA), AARTI  
 

After the PHA was performed, the following 
conclusions were obtained: 
 

Tab.2: Influence of the type of the manifacturing proces on the 
product CQA 
Final 
product 
CQA 

Type of the manufacturing process 

DC 
WG-high 
shear 

WG- fluid 
bed 

DG-roller 
compaction 

Assay M M M L 
Content 
uniformity 

H L L L 

Dissolution M M M M 
Impurities L H M L 
DC=direct compressure, WG=wet granulation, DG-dry granulation,  
L=low influence, M=medium influence, H=high influence 
 

After the performed risk assessment it was 
decided to continue with the development of the 
dry granulation with roller compaction process 
and wet granulation with fluid bed.  
 

CONCLUSIONS 
In the early phase of development of conventional 
oral solid dosage forms there are few necessary 
tools that help to gain better knowledge of the 
product and the process that should be developed: 
literature evaluation, evaluation of the reference 
product, preformulation studies of active 
substance and incompatibility studies and 
Preliminary Hazard Analyses. With these tools 
the first three steps of the QbD strategy for 
product development can be accomplished:    

- defining the QTPP 
- defining the CQA of the drug product 
- risk assessment for identification of the 

material attributes and process parameters that 
may influence the CQAs 
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[#] Instrume...
[1] TG 209 F1
[2] TG 209 F1

File
Rampril_Grade-A_RI-13202_AARTI_RT-300_10C-min.st3
c-DTA_Rampril_Grade-A_RI-13202_AARTI_RT-300_10C-min.st3_0.mt3

Date
2014-01-10
2014-01-10

Identity
RI-13202
RI-13202

Sample
Ramipril
Ramipril

Mass/...
6.110
6.110

Seg...
1/1
1/1

Range
23/10.0(K/min)/300
80/10.0(K/min)/165

Atmosphere
N2, 30.0ml/min / N2, 50.0ml/min
N2, 30.0ml/min / N2, 50.0ml/min

Corr.
DTG:6
---

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

c-DTA /K

50 100 150 200 250
Temperature /°C

65

70

75

80

85

90

95

100

TG /%

-8

-7

-6

-5

-4

-3

-2

-1

DTG /(%/min)

Main    2014-01-10 12:41    User: alkaloid

Peak: 123.6 °C

Peak: 114.9 °C

Mass Change: -8.02 %

[1][1]

[2]

 ex
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INTRODUCTION 

Topical delivery of fluconazole is still a major 
limitation due to problems related to 
controlled drug release and achieving 
therapeutic efficacy. Literature review has 
revealed that cubosomal systems can serve as 
an ideal vehicle for drugs with poor loading 
and permeability for the treatment of topical 
fungal infections (1). Benzocaine is a local 
anesthetic frequently associated with 
antimycotics in topical preparations to combat 
itching. The aim of this work was the 
development and characterization of a novel 
nanoparticulate system, based on    
cubosomes loaded with benzocaine (BZ) and 
fluconazole (FL), as model drugs for topical 
mucosal treatment of mycoses. 
 

MATERIALS AND METHODS 

Materials: The materials used were 
Poloxamer (P 407) (Pluronic F127, BASF 
Germany), glyceryl monooleate (MO) 
(Sigma-Aldrich), Fluconazole (Beijing 
Double Crane, Pharmaceutical Co. LTD, 
China), Benzocaine (BASF, Germany). 
Methods: The production of cubosomal 
dispersions was based on the emulsification 

of MO and P 407 in water, combined in a 
ratio of 9:1 w/w (2). The two drug substances 
were incorporated in a concentration of 1 
mg/mL each, separately and, mixed in the 
dispersion formulations, respectively. FL was 
dissolved in water, while BZ was 
incorporated either by dissolution in water 
(method A) or by dissolution in the molten 
MO (method B). 
A D-optimal design (Tab. 1) was used to 
study the influence of the formulation and 
process parameters (such as the type and 
method of incorporating the drug substance, 
homogenization speed and duration during 
the preparation of co-loaded FL-BZ 
cubosomes) on the studied responses, namely 
particle size, polydispersity index (P.I.) and 
entrapment efficiency. The construction and 
fitting of the experimental data followed by 
the calculation of the statistical parameters to 
validate the experimental design was 
achieved using Modde 11.0 (Umetrics, 
Sweden) statistical software, Partial Least 
Squares (PLS) method. The particle size and 
P.I. of the cubosomes were analyzed at 25ºC, 
by dynamic light scattering (DLS) (Nano-
ZS90, Zetasizer, Malvern Instruments, UK). 
Drug entrapment efficiency was calculated as 
the difference between the total amount used 
in the preparation of the cubosomes and the 
amount in the filtrate (Amicon Ultra 10 kDa, 
Millipore, centrifugation at 14000 rpm, 4°C, 
30 min.) as determined by HPLC validated 
methods (Hewlett Packard, 1100, USA). 
Benzocaine analysis: analytical column 
Gemini C18 (100 mm x 3 mm, 3 µm), at 240 
nm. The mobile phase consisted of 
acetonitrile and phosphoric acid 0.1% 
solution (35:65, v/v; tR=1.76 min). 
Fluconazole analysis: analytical column 
Zorbax C18 100 mm x 3 mm, 3.5 µm, at 260 
nm. The mobile phase consisted of 
acetonitrile and phosphoric acid 0.1% 
solution (30:70, v/v; tR=0.90 min). The 
morphological aspects of FL-BZ loaded 
cubosomes was evaluated by using 
transmission electron microscopy (TEM) 
(JEOL Model, 70 kV transmission electron 
microscope (JEM 1400, USA). 
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Tab. 1: Experimental matrix of the D-optimal design 

Exp 
No. 

Rotation 
speed 
(rpm) 

X1 

Drug 
substance 

type 
X2 

Method 
X3 

Rotation time 
(min) 
X4 

1 5000 BZ A 3 
2 5000 BZ-FL A 5 
3 5000 FL A 7 
4 7500 BZ A 3 
5 7500 BZ-FL A 5 
6 7500 FL A 7 
7 10000 BZ A 5 
8 10000 BZ-FL A 7 
9 10000 FL A 3 

10 5000 BZ B 7 
11 5000 BZ-FL B 3 
12 5000 FL B 5 
13 7500 BZ B 5 
14 7500 BZ-FL B 7 
15 7500 FL B 3 
16 10000 BZ B 7 
17 10000 BZ-FL B 3 
18 10000 FL B 5 
19 7500 BZ A 5 
20 7500 BZ A 5 
21 7500 BZ A 5 

 

RESULTS AND DISCUSSION 

The initial model was refined by excluding 
the terms insignificant for responses (P>0.05). 
Analysis of the histograms of the centered 
and scaled coefficients revealed that as the 
rotation speed and time speed increased, there 
was a decrease in the mean diameter of the 
cubosomes. The influence of active 
substances on the studied responses was 
qualitatively assessed. The entrapment 
efficiency in the case of BZ varied between 
the 72.77 - 78.12%, and in the case of FL, a 
more hydrophilic substance, in the range of 
10.48 - 15.87% (Tab. 2). The entrapment 
efficiency decreased in the formulations in 
which the two active substances were 
incorporated into the mixture. The method of 
incorporating the active substances did not 
affect the mean diameter and entrapment 
efficiency. In the optimization procedure the 
Y1 and Y2 responses were minimized and the 
responses Y3 and Y4 were maximized, a 
reduced mean diameter of cubosomes and an 
increased entrapment efficiency for both drug 
substances being the characteristics of interest 
in the projected cubosomal system. 
The optimization process allowed the 
prediction of optimized formulation for the 
following values: X1: 9999.76 rpm, X2: FL-

BZ; X3: method A; X4: 5.48 min. The 
optimal formulation was prepared and studied 
and the obtained experimental data were very 
close to the predicted ones. 
 
Tab. 2: Matrix of the observed responses   

Exp 
No. 

Mean 
diameter 

(nm) 
Y1 

P.I. 
Y2 

Benzocaine 
entrapment 
efficiency 

(%) 
Y3 

Fluconazole 
entrapment 
efficiency 

(%) 
Y4 

1 311,0 0.390 77,01 0 
2 246.9 0.383 75,07 15,87 
3 219.9 0.324 0 12,16 
4 293.2 0.490 76,72 0 
5 269.1 0.275 75,57 11,42 
6 268,0 0.216 0 14,18 
7 215.9 0.132 75,13 0 
8 210,0 0.135 75,14 12,91 
9 230,0 0.217 0 18,51 

10 232,0 0.326 77,47 0 
11 275,0 0.405 72,77 12,92 
12 227.8 0.328 0 13,66 
13 232.6 0.188 75,04 0 
14 210.1 0.151 73,85 12,84 
15 346.8 0.460 0 15,82 
16 235.5 0.137 78,12 0 
17 242.2 0.206 74,83 10,69 
18 209,0 0.209 0 10,48 
19 250.6 0.254 76,13 0 
20 222.5 0.187 75,69 0 
21 227.9 0.211 76,03 0 

TEM images of all studied FL-BZ cubosomal 
dispersions revealed the morphology of cubic 
vesicles, each other separately (Fig. 1). 

 

Fig. 1: TEM images of optimized cubosomal formulation 

 

CONCLUSIONS 

Homogeneous co-loaded FL-BZ cubosomes 
were obtained using a D-optimal design. 
Further studies are needed to identify an 
appropriate regression model, to improve the 
FL entrapment efficiency.  
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INTRODUCTION 

Gels containing moisturizers and soothing 
and skin conditioning actives (such as 18β-
glycyrrhetinic acid, 18ß-GA) are often 
developed as after-sun formulations to relieve 
erythema, pain, and burning (1). 18ß-GA is a 
pentacyclic triterpenoid with anti-
inflammatory, anti-irritant and soothing 
effects (2), however, unsuitable for 
incorporation into the formulations with high 
water content as a substance practically 
insoluble in water. 18ß-GA phytosome® (18ß-
GAP) (INCI: Lecithin (syn. 
Phosphatidylcholine) (and) 18-b 
Glycyrrhetinic Acid) is produced by the 
patented technology Phytosome® (Indena, 
Italy) where the 18ß-GA/phospholipid 
complex selfassociates and form unilamellar 
vesicles with the enhanced dispersibility in 
aqueous vehicles. Since 18ß-GAP is 
hygroscopic and prone to oxidation, the aim 
of this study was to prepare carbomer based 
gels with 1% of this novel active substance 

and to evaluate their short-term stability and 
rheological behaviour.  
 

MATERIALS AND METHODS 

Compositions of the prepared gels samples 
are listed in Table 1. Samples of 18ß-GA and 
18ß-GAP were granted by Indena, Italy. 
Phospholipid (deoiled soy lecithin with 
97.3% aceton insolubles and 30% of 
phosphatidylcholine) (Epikuron® 130 P IP, 
Cargill, USA) were also obtained as gifts. 
During the preparation procedure 18β-GAP 
was dispersed in water (containing the 
preservative and glycerin) with stirring by a 
propeller overhead stirrer. After that, 
carbomer was dispersed into the aqueous 
phase and then neutralized with sodium 
hydroxide solution, under continuous stirring. 
Three series of identical samples of 18-
βGAP-loaded gels were prepared and stored 
in tightly sealed glass containers for 3 
months, under ambient conditions (20±3°C), 
in a refrigerator (5±3°C), and in a 
thermostatic chamber (40±1°C), respectively. 
The stability assessment of the prepared gels 
was performed as periodic examination of 
organoleptic characteristics (color, odor, 
homogeneity, consistency) and pH value, in 
addition to DSC (DSC 1, Mettler Toledo, 
Switzerland) and rheological analysis 
(Rheolab MC 120, Paar Physica, Germany). 
 
Tab. 1: Composition of the prepared 18ß-GAP-loaded gels 
Sample labels F1 F1G F2 F2G 

C
om

p
os

it
io

n
, %

 (
IN

C
I)

 

Lecithin (and) 18-β 
Glycyrrhetinic Acid 

/ 1.0 / 1.0 

Carbomer 
(Carbopol®980; 
Lubrizol, USA) 

1.0 1.0 / / 

Carbomer 
(Carbopol®Ultrez 10; 
Lubrizol, USA) 

/ / 1.0 1.0 

Sodium hydroxide, 10%  4.0 4.0 4.0 4.0 
Glycerin, 85% / 10 / 10 
Preservative* 1.0 1.0 1.0 1.0 

Aqua 
up to 
100.0 

up to 
100.0 

up to 
100.0 

up to 
100.0 

*Phenoxyethanol, Methylparaben, Ethylparaben, Propylparaben,  
Butylparaben (Sepicide® HB; Seppic, France) 
 

The testing methods were carried out 48h, 30 
and 90 days after the preparation.  
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RESULTS AND DISCUSSION 

The investigated gels were homogeneous, 
milky white, with no characteristic odor, easy 
to smear on the skin in a thin mat layer, 
leaving slight cooling effect without 
occlusion and stickiness. The pH values (after 
48 h) ranged from 6.7 to 7.1 in samples 
without the humectant and from 6.8 to 7.2 in 
the samples comprising glycerin and did not 
change significantly with time. DSC 
thermograms of the pure 18ß-GA, the 
phospholipid and the 18ß-GAP are given in 
Fig. 1. The absence of melting peak of 18ß-
GA on 18ß-GAP thermogram could be 
ascribed to the bonding between 18ß-GA and 
the phospholipid within phytosomes. 
 

  
Fig. 1. DSC thermograms of 18β-glycyrrhetinic acid (18ß-GA), 
phospholipid and 18ß-GAP. 

 
All the thermograms of 18ß-GAP-loaded gels 
(not shown) showed an intensive endothermic 
event with peak ranging from 107 to 113 °C 
due to extensive loss of water. The 
corresponding ∆H values (−2133.3 J/g for F1 
and −2137.1 J/g for F2) showed no significant 
influence of the gelling agent on the water 
binding. The samples containing glycerin 
exhibited less intensive enthalpy changes (∆H 
= −1964.7 and −1760.6 J/g for FG1 and FG2, 
respectively), due to the lower water content. 
The peaks of 18ß-GAP and its components 
could not be observed on the thermograms of 
the gels most likely due to their low content 
in the final formulations in comparison to the 
water content.   
Rheological characterization of carbomer gels 
can be useful on investigation of their 

cosmetic application and stability assessment 
(3). The rheograms (Fig. 2) of all 18β-GAP-
loaded gels at room temperature and under 
different storage conditions during the testing 
period revealed that, the Carbopol® 980 based 
gels were more sensitive than gels based on 
Carbopol® Ultrez 10 upon thermal variations 
regarding the water evaporation loss.  
 

 
Fig. 2: Rheograms of the 18β-GAP-loaded gels: F1 (a) and F2 
(b), stored at room temperature, after 48 h (■), 30 days (□) and 
90 days (▲) days of preparation; F1 (c) and F2 (d), stored at 
different temperatures (30 days at 4 ºC (■), 30 days at 40 ºC (▲), 
90 days at 4 ºC (□), and 90 days at 40 ºC (∆)). 

 

CONCLUSIONS 

Physical stability of the investigated gels 
(with or without glycerin) that was 
satisfactory for minimum 30 days of storage 
at a temperature range from in +4°C up to 
+40°C, alongside with the  affirmative results 
of rheological characterization indicated that 
they may be considered as promising skin 
care formulations.   
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INTRODUCTION 

Marketed topical preparations of nonsteroidal 
anti-inflammatory drugs (NSAIDs) are 
usually hydrogels, creams, and spray 
preparations for administration 3-4 times per 
day due to short elimination half-lifes. The 
repeated application of these drugs leads to 
poor compliance, especially in chronic 
therapy (1). Furthermore, in spite of low 
molecular weights, percutaneous permeation 
of poorly soluble NSAIDs from conventional 
formulations is generally limited (2). Recent 
studies indicated that microemulsion carriers 
may enhance transdermal delivery of NSAIDs 
(3, 4). The aim of the present investigation 
was to assess and compare potential of 
different microemulsion carriers for sustained 
release of a model NSAID ibuprofen in vitro. 
 
 

MATERIALS AND METHODS 

Materials and preparation methods 
The microemulsion systems evaluated were: 
nonionic microemulsion (M), poloxamer 407 
costabilized microemulsion (MP), xanthan 
gum thickened microemulsion (MX), and 
sodium alginate thickened microemulsion 
(MA). The basic M formulation comprises  
Labrasol® (18.81% w/w), Solubilisant 
gamma® 2429 28.22% w/w), isopropyl 
miristate  (5.22% w/w) and water (up to 
100% w/w). Ibuprofen was incorporated into 
all formulations at concentration of 5% w/w. 
Ibuprofen 5% hydrogel (Deep Relief, The 
Mentholatum Company Ltd., UK) were used 
as reference formulations. 
 

Methods 
Characterization of the microemulsion 
systems included: pH measurement (pH-
meter HI 9321, Hanna Instruments), 
conductivity determination (conductometer 
CDM 230, Radiometer) (at 94 Hz frequency 
and 20±0.5 °C), and determination of flow 
behaviour by using rotational rheometer 
Rheolab MC120 (Paar Physica) at 20±0.1 °C. 
Average droplet size was determined by 
photon correlation spectroscopy 
(ZetasizerNano ZS90, Malvern Instruments). 
Evaluation of in vitro ibuprofen release 
during 12 hours was performed at 32±1 °C in 
the rotating  paddle apparatus (Erweka DT 
70, Erweka) using Teflon enhancer cell 
(VanKel Technology Group) covered with a 
cellulose membrane and dipped in 750 ml of 
the phosphate buffer pH 7.2. The drug 
concentration in the acceptor medium 
samples was determined UV 
spectrophotometrically (Carry 50, Varian) at 
220 nm.  
 

RESULTS AND DISCUSSION 
The physicochemical characteristics of the 
investigated microemulsion systems are 
summarized in Table 1. The pH values of all 
samples were acceptable for topical 
application. The conductivity and apparent 
viscosity values indicated that the 
investigated systems were the low viscosity 
oil-in-water microemulsions (M and MP) and 
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the oil-in-water microemulsions slightly 
thickened by xanthan gum (MX) or sodium 
alginate (MA) in comparison with the 
polymer-free microemulsion (M). The 
average droplet size of the investigated 
systems ranged from 5.17-15.90 nm. It was 
significantly affected by the addition of a 
hydrophilic polymer likely by penetration into 
the surfactant film at the oil-water interface or 
by increased viscosity of the sorrounding 
water phase which decreased mobility of the 
dispersed nanodroplets.  
 
Tab. 1: Parameters of physicochemical characterisation of the 
investigated microemulsion systems and the referent hydrogel: 
pH, conductivity (σ), average droplet size (Z-ave), and maximal 
apparent viscosity (ηmax) (± SD, n=3) 

Sample* pH σ 
(μS/cm) 

Z-ave 
(nm) 

ηmax 

(Pa·s) 

M 5.23 
±0.36 

40.56 
±1.82 

5.17 
±0.01 

0.2025 
±0.003 

MP 5.37 
±0.24 

33.60 
±2.70 

14.79 
±0.31 

0.3680 
±0.038 

MX 4.58 
±0.41 

71.20 
±1.60 

14.34 
±0.98 

1.12 
±0.15 

MA 4.32 
±0.15 

547 
±3 

15.90 
±0.61 

0.929 
±0.03 

* M – polymer-free microemulsion, MP – poloxamer 407 
costabilized microemulsion, MX – xanthan thickened 
microemulsion, MA – alginate thickened microemulsion 
 

The ibuprofen release profiles are presented 
on Figure 1.  
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Fig. 1: In vitro release profiles of ibuprofen from the investigated 
microemulsion systems (M – polymer-free microemulsion, MP – 
poloxamer 407 costabilized microemulsion, MX – xanthan 
thickened microemulsion, MA – alginate thickened 
microemulsion) and the referent hydrogel (Deep Relief). 
 

The model dependent analysis of the 
ibuprofen release profile of the referent 
carbomer-based hydrogel indicated the 
Higuchi diffusion model (RH

2>0.99), thus the 
amount of the drug released is in a linear 
relationship with the square root of time and 

the release process was diffusion of the drug 
driven by the drug concentration gradient. 
The ibuprofen release from all 
microemulsions followed the zero-order 
kinetics (R2>0.99) with the diffusion rates in 
a range from 1.23 %h−1 to 3.55 %h−1 (Table 
2).  
 
Tab. 2: Parameters of in vitro ibuprofen release from the  
investigated microemulsion systems: release rate (k0), membrane 
flux (J0), and correlation coefficient for zero order drug release 
model (R0

2) 
Sample* k0 

(%h−1) 
J0 

(gh−1cm−2) 
R0

2 

M 2.83 708.0 0.9928 
MP 3.55 887.5 0.9991 

MX 1.65 413.1 0.9956 
MA 1.23 308.5 0.9923 

 

The values of the release parameters were 
increased in MP, in accordance with the 
observed enhancemen of diffusion of 
ibuprofen molecules from the poloxamer 407 
costabilized nanocarriers (4), while they were 
decreased in MX and MA, in comparison 
with the polymer-free M. In contrast, xanthan 
gum and alginate sustained the drug diffusion.  
 

CONCLUSIONS 
Optimization of a hydrophilic polymer based 
microemulsion carriers may represent a 
promising approach for achievement of 
sustained release of a model NSAID 
ibuprofen.  
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INTRODUCTION                                                                                                

Drug loading into the self-microemulsifying 
drug delivery systems (SMEDDS) is a 
powerful strategy for bioavailability 
enhancement of poorly soluble and/or poorly 
permeable active substances by in situ 
formation of a nanodispersed carrier with the 
active substance in a solubilized state. Since 
SMEDDS often suffer from insufficient 
capacity for uploading the therapeutic dose of 
the drug, supersaturated–SMEDDS (S-
SMEDDS) are proposed recently, as properly 
optimized SMEDDS which upon contact with 
aqueous media create a supersaturated state of 
the drug available for absorption (1). 
Acyclovir is an antiviral agent already in use 
for prophylaxis and treatment of Herpes 
simplex viruses type 1 and 2, and Varicella 
zoster virus (2), although with slow, low and 
variable absorption (3). The objective of the 
study was to formulate acyclovir loaded S-
SMEDDS and to evaluate and compare drug 

solubilization capacity and in vitro drug release 
kinetic with the corresponding SMEDDS.  
 
MATERIALS AND METHODS 

The SMEDDSs were prepared by using 
medium chain length triglycerides 
(Crodamol® GTCC, Croda, UK), 
macrogolglycerol hydroxystearate 
(Kolliphor® RH40, BASF, Germany), 
polyglyceryl-3-dioleate (Plurol® Oleique CC 
497, Gattefosse, France) and glycerol (Ph. 
Eur. 8.0) (4). For preparation of S-
SMEDDSs, macrogol 8000 (Ph. Eur. 8.0) was 
added into the SMEDDS as a viscosity 
enhancer.  

Rheological behaviour, aqueous 
dispersibility and droplet size 
determination 
Rheological analysis was performed by using 
Rheolab MC 120, Paar Physica, Germany. 
Dispersibility of S-SMEDDS was evaluated 
in different aqueous media (0.1M HCl (pH 
1.2) and phosphate buffer (pH 7.2)) under 
mild agitation using a laboratory shaker IKA 
KS 260-Basic (IKA Germany), at the room 
temperature. Percentage of transmittance (% 
T) is measured using a UV-VIS 
spectrophotometer Evolution 300 (Thermo 
Scientific, USA) (4). The average droplet size 
(Z-ave) of the dispersions was determined by 
photon correlation spectroscopy (PCS) using 
Zetasizer Nano ZS90 (Malvern Instruments, 
UK) at 37±1°C.  
 
In vitro drug release study  
In vitro release of acyclovir from the 
SMEDDS, the optimized S-SMEDDS, and a 
pure acyclovir powder, all filled in hard 
gelatin capsules, was determined by using 
USP paddle method on Erweka DT70 
(Erweka, Germany) at a stirring rate of 50±5 
rpm and at temperature of 37±0.5°C, during 
60 minutes. Dissolution medium was 900 ml 
of phosphate buffer (pH 7.2). Concentration 
of acyclovir in the buffer media samples was 
determined UV spectrophotometrically 
(Evolution 300, Thermo Scientific, USA) at 
252 nm. Drug release profiles were compared 
by model independent approach (i.e., factor of 
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difference (f1) and factor of similarity (f2) 
were calculated).  
 
RESULT AND DISCUSSION 
Rheological analysis revealed that the S-
SMEDDSs with the optimized rheological 
behaviour was prepared with 7.5% of 
macrogol 8000. The maximum apparent 
viscosity of this sample was 20.75 ± 1.34 
Pa·s. The dispersibility of both SMEDDS and 
S-SMEDDS in acidic and alkaline aqueous 
media was fast and the obtained dispersions 
were highly transparent (% T > 90%). The 
distribution of droplet size in the dispersions 
of the optimized S-SMEDDS (Fig. 1) 
indicated formation of oil-in-water 
microemulsion with Z-ave  23.2 ± 0.27nm 
(PdI 0.235) and 24.72 ± 0.03nm (PdI 0.218), 
in acidic and alkaline media, respectively.   

Figure 1. The distribution of droplet size in the dispersion of the 
optimized S-SMEDDS in 0.1M HCl (pH 1.2) (a) and phosphate 
buffer (pH 7.2) (b) 
 

The release profiles of acyclovir from the 
investigated SMEDDS, S-SMEDDS and the 
pure drug powder are shown in Fig. 2.  
 

Figure 2. The release profile of acyclovir from SMEDDS, S-
SMEDDS, and drug powder filed in hard gelatin capsules 

The obtained values of difference and 
similarity factors (f1>>15 and f2<<50, 
respectively) indicated that the obtained 
release profiles were mutually significantly 
different. The SMEDDS-loaded acyclovir 
was released from the capsule and solubilised 
completely after 20 minutes. The entire 
amount of the S-SMEDDS acyclovir was 
released in 50 minutes while at the same time 
was released and dissolve only 65 % of 
acyclovir powder. The results showed that the 
optimized S-SMEDDS comprising medium 
chain glycerides (10%) / macrogolglycerol 
hydroxystearate / polyglyceryl – 3 – dioleate / 
glycerol (20%) / macrogol 8000 (7.5%) has 
satisfactory capacity to solubilize acyclovir 
upon dispersion in acidic and alkaline 
aqueous media for 60 minutes. 
 
CONCLUSION  

The study demonstrated that optimization of 
rheological properties enable design of the 
supersaturated system with sufficient capacity 
to solubilize the drug substance in the 
aqueous vehicle as well as the drug release 
profile that is potentially suitable to improve 
its absorption. 
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INTRODUCTION 

Nonsteroidal anti-inflammatory drugs are 
heterogeneous class of compounds widely 
used for more than 60 years (1). However, the 
discovery of novel derivatives with anti-
inflammatory activity is a vivid research area, 
due to the fact that these drugs can produce 
significant side effects.  
Thirteen β-hydroxy-β-arylalkanoic acids 
(HAA) were synthesized using previously 
reported modification of Reformatsky 
reaction (2) and their anti-inflammatory 
activity was evaluated.  
The aim of this study was to predict 
gastrointestinal absorption of synthesized 
HAA and ibuprofen (IBU) using parallel 
artificial membrane permeability assay 
(PAMPA) and to perform quantitative 
structure-permeability relationship (QSPR) 

analysis, which could be used for the design 
of novel HAA with improved gastrointestinal 
absorption. 
 

MATERIALS AND METHODS 

Chemical structures of tested compounds are 
presented in Tab. 1. 
  
Tab. 1: Chemical structures of tested compounds. 

C

R4

R3

CR6

R5

C

OH
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R1

R2   

HO

O

IBU

Compound R1 R2 R3 R4 R5 R6 
1A -H -H -CH3 -OH -H -C6H5 
1B -H -CH3 -CH3 -OH -H -C6H5 
1C -CH3 -CH3 -CH3 -OH -H -C6H5 
2A -H -H -CH3 -OH -H -C6H5 
2B -H -CH3 -CH3 -OH -H -C6H5 
2C -CH3 -CH3 -CH3 -OH -H -C6H5 

2APN -H -H -C6H5 -OH -H -NO2 
2APTF -H -H -C6H5 -OH -H -CF3 
2APH -H -H -C6H5 -OH -H Cl 
2APM -H -H -C6H5 -OH -H -CH3 

2AMTF -H -H -C6H5 -OH -CF3 -H 
2AMH -H -H -C6H5 -OH -Cl -H 
2AMM -H -H -C6H5 -OH -CH3 -H 

 

Gastrointestinal absorption of tested 
compounds was predicted by use of PAMPA, 
according to the previously published 
procedure (3). A 96-well hydrophobic PVDF 
filtration plate (Merck Millipore, 
Carrigtwohill, Ireland), with the pore size 
0.45 μm, was used as the artificial membrane 
support and receiving plate. The filter 
material in each well of the receiving plate 
was coated with 5 μL of the solution of 1% 
egg lecithin in n-dodecane. The receiving 
plate was placed on top of a donor plate 
(Merck Millipore, Billerica, MA, USA), 
which had been previously filled with 300 μL 
of donor solutions (100–200 μM solutions of 
tested compounds in phosphate buffer pH 
5.5). Equal volumes of phosphate buffer pH 
5.5 were quickly added into the wells of the 
receiving plate. The system was incubated for 
17 hours at room temperature. After the 
incubation, concentrations of tested 
compounds were determined by use of the 
HPLC method. Finally, gastrointestinal 
absorption parameters percent transport (%T) 
and apparent permeability coefficient (Papp) 
were calculated.  
More than 4500 molecular descriptors were 
initially calculated in Dragon software. After 
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the intercorrelation analysis, 254 molecular 
descriptors were retained and used for further 
ANN and MLR analysis. Final selection of 
descriptors was performed by use of forward 
stepwise MLR (F to enter was 10 and F to 
remove was 1). Finally, three variables with 
the highest influence on %T (nCsp3, DISPv 
and VE1_RG) were selected and used for the 
creation of MLR(%T) and ANN(%T) models.  
 

RESULTS AND DISCUSSION 

Results of PAMPA test are presented in Tab. 2.  
 
Tab. 2: %T and Papp of tested compounds. 

Compound %T Papp (·10-6) 
IBU 45.37±0.77 20.92±1.53 
1A 4.47±0.11 0.82±0.02 
1B 18.18±0.90 3.96±0.25 
1C 30.74±0.95 8.36±0.44 
2A 1.55±0.21 0.28±0.04 
2B 0.59±0.02 0.10±0.00 
2C 16.86±0.18 3.60±0.05 

2APN 0.99±0.06 0.18±0.01 
2APTF 8.66±0.50 1.60±0.11 
2APH 5.06±0.18 0.93±0.04 
2APM 3.67±0.15 0.67±0.03 

2AMTF 7.13±0.69 1.35±0.14 
2AMH 5.88±0.07 1.09±0.01 
2AMM 3.91±0.15 0.71±0.03 

 
All tested HAA have lower expected 
gastrointestinal absorption than IBU. HAA 
with the highest values of %T and Papp are 
1C, 1B and 2C. 
QSPR analysis of these results was performed 
and ANN(%T) and MLR(%T) models were 
created. Quality of these models was 
evaluated by analysis of calculated statistical 

parameters: RMSEE, RMSEP, Q2, r, 2
predR , F 

and p value. MLR(%T) model was selected 
due to lower RMSEE (0.92) and RMSEP 
(1.72) as well as higher r (0.99), Q2 (0.94) and 

2
predR  (0.98) values, which indicates its good 

predictive capability. Regression equation of 
this model is: y=(-49.35±3.99) 
+(9.20±0.63)·nCsp3+(1.97±0.44)·DISPv 
+(6.36±1.15)·VE1_RG.  
Descriptor with the highest influence on %T 
is nCsp3, a constitutional descriptor which 
represents number of sp3 hybridized carbon 
atoms. Compounds with highest values of this 
descriptor (IBU, 1B, 1C and 2C) have 
branched side chains so it can be expected 

that introduction of branched side chains 
should increase %T and gastrointestinal 
absorption. DISPv is a geometrical descriptor 
and represents displacement value/weighted 
by van der Waals volume. Its value is related 
to the asymmetry of hydrophobic groups to 
the general shape of the molecule and 
distribution of the van der Waals volume (4). 
The highest values of this descriptor have 
2AMH, IBU, 2APH, 2C, 2APN and 1C, 
indicating that introduction of substituents in 
phenyl rings and/or branching of side chain 
should increase %T and gastrointestinal 
absorption. Descriptor with the lowest 
influence on %T is VE1_RG, a 3D matrix-
based descriptor representing coefficient sum 
of the last eigenvector from reciprocal 
squared geometrical matrix.    
   
CONCLUSIONS 

Prediction of gastrointestinal absorption of 
thirteen newly synthesized β-hydroxy-β-
arylalkanoic acids (HAA) and ibuprofen was 
performed by use of PAMPA test. HAA with 
the highest values of %T and Papp are 1C, 1B 
and 2C and these parameters are significantly 
lower in comparison to ibuprofen. QSPR 
analysis was performed in order to identify 
molecular descriptors with the highest 
influence on %T and to create models which 
could be used for the design of novel HAA 
with improved gastrointestinal absorption. 
Obtained results indicate that introduction of 
branched side chain, as well as introduction 
of substituents on one phenyl ring (which 
would disturb symmetry of the molecule) 
could have positive impact on gastrointestinal 
absorption. 
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INTRODUCTION 
Orodispersible films (ODF) have been 
recently developed as novel dosage forms 
aimed to facilitate drug administration and 
adjust flexible dosing, especially in patients 
with swallowing difficulties. ODFs are thin 
polymeric matrices that may be composed of 
one or more polymers with different 
physicochemical and functional properties, 
which rapidly disintegrate in contact with 
aqueous media (1). Proper selection of film 
forming polymer is crucial in order to obtain 
targeted mechanical characteristics and fast 
disintegration (2).  
Superdisintegrants, which are commonly 
added to orodispersible tablet formulations to 
promote breakup into small fragments, have 
not been examined in formulation of ODFs. 
The aim of this study was to investigate the 
effect of selected polymers and 
superdisintegrants combination on 
mechanical properties and disintegration time 
of thin polymeric films. 

MATERIALS AND METHODS 

Materials 
PVA-PEG copolymer (Kollicoat® IR, BASF, 
Germany), sodium alginate (Fisher Scientific, 
USA),  and hypromellose (Metolose® 65 SH-
400, Shin-Etsu Chemical, Japan), were used 
as film forming agents in concentrations 3, 2 
and 1%, respectively (as determined in the 
preliminary studies); croscarmellose sodium 
(Primellose®, DFE Pharma, Germany), 
crospovidone (Polyplasdone™ XL-10, GAF 
Chemicals Corporation, USA), sodium starch 
glycolate (Primojel®, DFE Pharma, Germany) 
and calcium silicate (RxCIPIENTS® FM1000, 
Huber, USA) were used as superdisintegrants 
(in the concentration 0.5%) and glycerol (Ph. 
Eur) was used as plasticizer.  

Methods 
ODFs were prepared by solvent casting 
method. Composition of the prepared aqueous 
dispersions is shown in Table 1. Prepared 
ODFs were analyzed with respect to 
thickness, uniformity of mass, relevant 
mechanical properties and disintegration time. 
Film disintegration was tested using the Petri 
dish method (3) and simulated salivary fluid 
(4) to mimic the oral cavity conditions.  
Tensile strength (TS), Young’s modulus 
(YM) and elongation at break (EB) were 
determined based on the measurements 
performed on the universal testing machine 
(Shimadzu AG-Xplus, Shimadzu 
Corporation, Japan). Tangent of the phase 
angle (tan δ) was determined for ODFs 
containing only polymer, based on the 
oscillatory rheological measurements of the 
wetted films using the cone/plate measuring 
system MK22 (Rheolab MC 120, Paar 
Physica, Stuttgart, Germany).  
 

Tab. 1: Composition of the investigated polymer dispersions  
 

Polymer/ 
Superdisintegrant 

PVA-PEG 
COPOLY

MER 

SODIUM 
ALGINAT

E 

HYPRO-
MELLOSE 

without 
superdisintegrant 

F1/F2 F7/F8 F13/F14 

Sodium starch 
glycolate  

F3 F9 F15 

Croscarmellose 
sodium  

F4 F10 F16 

Crospovidone F5 F11 F17 
Calcium silicate F6 F12 F18 

All formulations except F1, F7 and F13 contained 0.5% of glycerol 
as plasticizer 
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RESULTS AND DISCUSSION 
There was no significant deviation in 
uniformity of mass and thickness in ODFs 
containing sodium alginate and hypromelose, 
while certain PVA-PEG formulations (F4 and 
F5) were excluded from further investigation 
because of high variability. Results of ODF 
disintegration testing are shown in Figure 1. 
In general, ODFs prepared with PVA-PEG 
copolymer disintegrated faster in comparison 
to formulations containing other two 
investigated polymers. Superdisintegrant 
addition accelerated film disintegration only 
in the certain formulations prepared with 
PVA-PEG copolymer or sodium alginate. 
ODFs containing combination of 
hypromelose and superdisintegrant (except 
calcium silicate) exhibited significantly 
prolonged disintegration time compared to 
formulations without superdisintegrant.  
 

 

 
Fig. 1: ODF disintegration time 

 
For each of the investigated polymers, 
formulations exhibiting the shortest 
disintegration time were selected for 
mechanical properties evaluation. The results 
obtained are presented in Table 2. Values of 
tan δ lower than 1 indicated domination of 
elastic over viscous properties in all the 
investigated ODFs. Obtained results of tan δ 
were in accordance to results of YM, EB and 
TS. Harder and less elastic formulations 
exhibited higher tan δ value. According to 
Visser et al (5), values of TS and EB higher 
than 2 N/mm2 and 10%, respectively, and YM 
lower than 550 N/mm2 are preferable for 
proper ODF handling (5). Only formulation 
containing combination of PVA-PEG 
copolymer and calcium silicate (F6) met the 
proposed criteria. This formulation also had 

the shortest disintegration time. In opposite, 
harder and more brittle ODFs (F11 and F14) 
disintegrated more slowly. In general, 
addition of superdisintegrant decreased 
hardness and stiffness of the investigated 
ODFs, but also negatively influenced 
elongation at break.      
Tab. 2: Mechanical properties of selected ODF formulations 
(mean ± SD, n=3) 

 

CONCLUSIONS 
The results obtained indicate that PVA-PEG 
copolymer exhibits favourable characteristics 
as film forming agent for ODFs formulation, 
providing short disintegration time and 
appropriate mechanical properties. 
Combination of polymers with swelling 
properties, such as hypromelose and sodium 
alginate and different superdisintegrants 
markedly increase ODF disintegration time. 
Proper excipient combination should be 
optimized to develop formulation with 
sufficient mechanical properties. According 
to obtained results superdisintegrant addition 
is not considered suitable in thin polymeric 
film formulation. 
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Tensile 
strength 
(N/mm2) 

Elongation 
at break 

(%) 

Young’s 
modulus 
(N/mm2) 

tan δ 

F1 16.3 ± 0.2 42.0 ± 7.2 582.6 ± 19.6 
0.196 

F6 6.5 ± 0.8 15.1 ± 2.0 175.5 ± 23.2 
 

F7 136.0 ± 23.3 7.8 ± 2.0 5374.9 ± 421.0 
0.680 

F11 55.2 ± 2.6 3.3 ± 0.4 2412.1 ± 121.7 
 

F13 95.9 ± 7.5 13.1 ± 1.0 2972.6 ± 244.1 
0.581 

F14 43.0 ± 3.9 59.0 ± 5.2 779.9 ± 73.9 
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INTRODUCTION 

The suppositories are solid dosage forms that 
when manufactured with lipophilic 
excipients, should melt in the rectal ampoule, 
at body temperature to release the drug. The 
fatty bases of suppositories are complex 
mixtures of triglycerides that present different 
crystalline forms. The metastable forms are 
able to transform in a stable form during 
storage, exhibiting different melting 
characteristics (1). Additionally, the drugs 
and the adjuvants can modify the melting 
behaviour of these excipients (2). Differential 
Scanning Calorimetry (DSC) is a thermal 
study in which substances are exposed to an 
interval of controlled temperatures in a heat 
flux calorimeter. Measuring the amounts of 
absorbed and released heat allow the study of 
melting and crystallization characteristics of 
substances (3). This technique can be used in 
preformulation studies, stability and quality 
control of suppositories (3-5). The objective 
of this work was to evaluate interactions 
between excipients and paracetamol (either as 
active pharmaceutical ingredient as marketed 
tablets powder) through physical mixtures as 
well as in suppositories and to study the 
crystalline form of the suppositories.  

MATERIALS AND METHODS 

In this work, the following materials and 
methods were used. 
 
Materials 
Paracetamol as a raw material was purchased 
from Fagron (Spain); paracetamol tablets, 
from Ratiopharm (Portugal) and cocoa butter 
as well as stearin mass B, from Acofarma 
(Spain). Ovucire® WL, Suppocire® NAIS and 
Suppocire® AIML were kindly provided by 
Gattefossé (France).  
 
Methods 
DSC analysis was performed in a DSC 
apparatus NETZSCH 200 F3 MAIA, 
(Germany). For the DSC analysis of isolated 
materials and physical mixtures, about 5 mg 
of each excipient, paracetamol, tablets 
powder and physical mixtures in a 1:1 ratio 
were weighed in aluminium pans. Isolated 
excipients were exposed to a temperature 
increase between -20 ºC until 80 ºC, at 
heating rate of 10 ºC/min, corresponding to 
the first heating cycle. Then, the temperature 
decreases again to -20 ºC and the samples 
were resubmitted to a second heating cycle. 
This procedure was repeated one week after 
(t2) the first scanning (t0), using the same 
aluminium pans. For the analysis of drug and 
tablets powder, the samples were submitted to 
two heating cycles between 40 ºC and 220 ºC 
at t0 and t2. Physical mixtures were 
submitted, only once, to two heating cycles 
ranging from -20ºC to 220ºC.  
Then, suppositories with stearin mass B, 
Ovicire® WL, Suppocire® NAIS and 
Suppocire® AIML containing 250 mg of 
paracetamol or equivalent amount of  tablets 
powder, were obtained by  moulding.  
For the obtained suppositories, the DSC 
analysis was performed immediately after 
preparation (t0), one day (t1) and one week 
(t2) after their preparation. Suppositories with 
active ingredient were submitted to a single 
heating cycle between -20 ºC to 220 ºC while 
placebo suppositories were submitted to a 
cycle ranged between -20 ºC to 80 ºC. The 
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recrystallization index (RI) of suppositories 
was calculated by the following equation: 
 

(%))(
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LPE

F

ConcgJE

gJE
RI


  

 
where EF and EE were the enthalpies of the 
formulation and the excipient and Conc LP 
was the fraction of the lipidic phase. 

 

RESULTS AND DISCUSSION 

For isolated excipients, both onset and 
enthalpy showed a decrease in the second 
cycle. However, all tend to recuperate the 
initial values one week after. As expected 
cocoa butter showed a higher difference 
between the first and the second cycle due to 
its polymorphism and was not used to 
produce suppositories. All excipients suffer a 
decrease in the melting point when in the 
presence of paracetamol and tablets powder. 
It was also seen, in the paracetamol 
thermogram, a decrease of the melting point 
in the second heating cycle due to its 
polymorphism (Fig. 1).  

 
Fig. 1: Paracetamol thermogram. The black peak corresponds to 
the first heating cycle and the grey peak corresponds to the 
second. 

 
Considering the DSC analysis of 
suppositories, a decrease in the melting point 
of placebo suppositories at time t0, was 
observed in comparison with the excipients. 
In almost all suppositories containing 
paracetamol, the enthalpy and consequently 
the RI, increased after one week. Thus it is 

assumed that the excipient recrystallizes 
slowly with time. The suppositories prepared 
with Suppocire® NAIS seems to suffer less 
influence in the melting point with the 
addiction of active ingredient, while the 
suppositories with Suppocire® AIML are the 
ones who suffer higher influence. Even, the 
suppositories of this excipients with 
paracetamol tablet powder presented a very 
low melting point of 24.2 ºC, which means 
that these suppositories can melt in the hands 
before administration. The suppositories with 
Ovucire® WL remained more stable with 
time.  
  
CONCLUSIONS 

Through thermal analysis it was possible to 
verify the influence of heating on the thermal 
behaviour of raw materials and suppositories. 
It was possible to conclude that manipulation 
of excipients through heating or addiction of 
other substances, namely the drug, lead to 
changes on the melting points and enthalpies. 
Despite the excipients being able to recover 
their initial characteristics, some recover 
more quickly than others. This means that 
different excipients behave differently. 
Suppositories of Ovucire® WL were that 
which remains more stable with time.  
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INTRODUCTION 

Poly (D,L-lactide-co-glycolide) (PLGA) 
polymers have received much attention in the 
last years, particularly for drug delivery, 
promoting an extended release from few days 
to weeks. It is a biodegradable and 
biocompatible polymer commonly used in the 
formulation of polymeric nanoparticles 
(nanocapsules and nanospheres) (1). 
Additionally, the particle size plays an 
important role on in vivo behaviour of 
nanoparticles. The particle size is important to 
prolong the drug circulation time and its site 
specific accumulation, after intravenous 
administration. Additionally, it was already 
reported that the particle size and the storage 
temperature are important parameters to take 
into account on maintaining integrity during 
storage (3). This study aims to evaluate how 

different conditions, such as, the surfactant 
composition and concentration and the 
stirring speed during the addition of the 
organic phase to the aqueous phase, can 
influence the mean size of PLGA 
nanoparticles and their stability during 
storage.   
 
MATERIALS AND METHODS 

In this work, the following materials and 
methods were used. 
 
Materials 
PLGA in a 50:50 molar ratio was kindly 
supplied by PURAC Corbion (The 
Netherlands). Poloxamer 188 was purchased 
from BASF (Germany) and Poloxamer 407, 
from Sigma Aldrich (USA). Polysorbates 20 
and 80 were purchased from Acofarma 
(Spain) and acetone from VWR Chemicals 
(Portugal).  
 
Methods  
Polymeric nanoparticles were obtained by 
nanoprecipitation. Briefly, 10 ml of an 
organic solution of PLGA (1%, w/v) in 
acetone was added dropwise to 10 ml of an 
aqueous solution containing different 
concentrations (0.25, 0.5 and 1%, w/v) of 
each surfactant studied (poloxamer 188, 
poloxamer 407, polysorbate 80, and 
polysorbate 20), over a period of 10 minutes 
using a magnetic stirrer  (Heidolph  MR Hei-
Tec, Germany) at different speeds (500, 750 
and 1000 rpm), at room temperature. The 
colloidal dispersions were stirred at room 
temperature for 3 hours in order to evaporate 
the acetone completely and larger aggregates 
of polymer were removed by centrifugation 
(Centrifuge Eppendorf AG, Hamburg, 
Germany). 
The mean particle size and polydispersity 
index (PI) were determined by dynamic light 
scattering (DLS) and Zeta Potential (ZP) by 
electrophoretic mobility, using a particle size 
and ZP analyser (Brookhaven Instruments, 
Holtsville, NY, USA). These determinations 
were performed during six months of storage 
at 4ºC. The statistical analysis was performed 
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using the software SPSS® Statistics version 
22.0 (IBM® Corporation, Armonk, 
Westchester, New York, U.S.A.). 
 

RESULTS AND DISCUSSION 

Immediately after production, all 
formulations showed a mean size under 195.8 
nm and a PI under 0.13, which are promising 
results when the ultimate goal is to get an 
intravenous administration. The formulation 
with larger particles was that containing 
0.25% of poloxamer 188 obtained at 500 rpm 
(195.8 ± 5.1 nm), while the smaller particles 
were observed using 1.0% of polysorbate 20 
at 1000 rpm, with a mean size of 135 nm. PI 
values were always below 0.2, which means a 
monodisperse distribution of the particles 
size. Considering the stirring speed, it was 
possible to verify that in most cases the 
increase of this speed was favourable to a 
particle size decrease. In this study, 
polysorbates showed better results with 
respect to obtaining smaller particles. 
Regarding the concentration, it was possible 
to observe significantly smaller sizes when 
using 1% of surfactant. Considering the 
variation with time, it was verified a 
significant increase (p < 0.05) in particle size 
as well as in PI, after one month of storage, 
for the formulations containing 0.25% and 
0.5% of poloxamer 188.  Additionally, these 
formulations also showed a macroscopically 
visible precipitate. These formulations were 
those with initial larger particle sizes.  
Regarding the ZP (Fig. 1), all the 
formulations exhibited negative charge 
between -20.26 and – 35.88 mV. The 
formulations with the higher values were 
those containing poloxamer 188 as surfactant. 
In order to prepare nanoparticle dispersions 
physically stable, a ZP in the range of ± 30 
mV is recommended (4). However, ZP is not 
the only parameter that influences stability 
and even formulations with ZP lower than 30 
mV can be stable if a suitable surfactant is 
used in adequate amounts (5).  
 
 

 

 
Fig. 1: Zeta potential of the formulations. 
 

 

CONCLUSIONS 

Through this work it was possible to conclude 
that the type of surfactant as well as its 
concentration and the agitation rate were 
identified as parameters that can influence the 
mean particle size and PI of PLGA 
nanoparticles. Additionally, the particle size 
had an important role in the physical stability 
of nanoparticles and the smaller particles 
exhibited higher stability. Thus, the 
composition and the production conditions 
are crucial to obtain nanoparticles with 
desired physical properties and good stability, 
and thus should be carefully chosen.  
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INTRODUCTION 

Either lipid microparticles as well as 
nanoparticles are advantageous for cutaneous 
application and, depending on their size, they 
are able to improve skin hydration (1). 
Additionally, since these carriers are solid at 
room temperature, they are more stable than 
other systems like emulsions or liposomes.  
Typically, dispersions of micro and 
nanoparticles present low viscosity but can be 
incorporated into traditional semisolid 
systems in order to increase the consistency 
of the final formulations and also the long-
term stability of the incorporated particles (2).  
Generally, creams are more appreciated for 
cutaneous application and can be obtained by 
mixing the micro and nanoparticle dispersions 
with an existing base with more consistency 
(3). Considering skin application it is also 
very important to consider the rheological 
behavior and the mechanical characteristics of 
formulations, such as firmness and 
adhesiveness, which can affect the choice of 

the product, conditioning their acceptability 
by consumers (4). 
The aim of this work was to develop 
dispersions of micro and nanoparticles and 
proceed with their incorporation in a cream. 
Posteriorly, the obtained semisolid 
formulations were technologically 
characterized.  
 
MATERIALS AND METHODS 

In this work, the following materials and 
methods were used. 
 

Materials 
Lipocire® A SG (C10-C18 triglycerides), 
Labrafac® Lipophile WL1349 (triglycerides 
medium-chain) and Precirol® ATO 5 
(glyceryl palmitostearate) were kindly 
provided by Gattefossé (Saint-Priest, France). 
Lanette® 16 (cetyl alcohol), Tween® 20 
(polysorbate 20), dexapanthenol, calendula 
oil, Tween® 80 (polysorbate 80) and shea 
butter were purchased from Acofarma 
(Madrid, Spain). Glycerin was purchased 
from Fagron (Spain). Carbopol® 934 
(carbomer polymer) was obtained from José 
M. Vaz Pereira (Sintra, Portugal). 
Imidazolidinyl urea was purchased from ISP 
Europe (England). 
 
METHODS 

The lipid particles were composed by the 
mixture of a solid lipid (Precirol® ATO 5) 
with a liquid lipid (calendula oil) in a ratio of 
7:3. The dispersion of microparticles was 
obtained by addition of the aqueous phase 
(water with Tween® 80, 1.5 % (w/w)) to the 
oil phase, with stir at 9500 rpm for 3 minutes, 
using an Ultra-Turrax® T25 (IKA, Staufen, 
Germany). Then, two different dispersions of 
nanoparticles were obtained by High Shear 
Homogenization (HSH) and High Pressure 
Homogenization (HPH). In the first case, a 
pre-emulsion obtained at 9500 rpm for 3 
minutes, was submitted to a probe sonicator 
(Ultrasonic processor Vibra cell®, Sonic & 
Materials, Newtown, USA), with a power-
output amplitude of 70% for 10 minutes. In 
the second case, the pre-emulsion was 
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submitted to 3 cycles of 500 bar (High 
Pressure Homogenizer, Stansted Fluid Power, 
UK). The particle size was determined by 
Laser Diffractrometry (LD), using a 
Mastersizer 3000 (Malvern Instruments, 
Malvern, UK). The LD data were evaluated 
using the volume distribution as diameter 
(Dx) values of 10%, 50% and 90%. Then, the 
dispersions were incorporated in a 
dermatologic base, at a ratio of 50:50 with 
mechanical stirring. 
The developed creams were posteriorly 
characterized, after one week of preparation 
(t0) and after one month (t1) for rheological 
behavior evaluation, using a rotational 
viscometer (Thermo Haake® VT 550, USA). 
The texture properties (adhesiveness and 
firmness) using a texturometer (Stable Micro 
Systems TA-XT2i, UK); the color evaluation 
using a colorimeter (Chroma Meter® CR-500; 
Konica Minolta, Japan) and the pH of a 1% 
aqueous solution (potentiometer Basic 20 
Crison Instruments, Spain) were also 
evaluated 
  
RESULTS AND DISCUSSION 

In the Table 1, the LD data obtained are 
presented. It is possible to verify that 
microparticles (DM) were obtained, while 
adding additional steps of sonication (DNS) 
and HPH (DNP), the size decreases and 
nanoparticles are obtained. HPH was the 
process more efficient to obtain smaller 
nanoparticles. 
 
Tab. 1: Dx values of 10, 50 and 90% (nm) for each dispersion of 
lipid particles (average of 5 runs ± variation coefficient). 
 

 Dx10 Dx50 Dx90 
DM 902 ± 0,2% 1880 ± 0,03% 3960 ± 0,1% 
DNS 340 ± 0,1% 500 ± 0,2% 829 ± 1.5% 
DNP 267 ± 2,8% 394 ± 3.9% 615 ± 12.5% 

 
From the rheological evaluation of the 
semisolid formulations, it was possible to 
observe that all creams exhibited 
pseudoplastic behaviour with thixotropy. The 
creams containing the lipid particles remained 
more stable than the cream base, which 

suffered a greater increase in the consistency 
with time.  
For texture analysis, regarding both 
parameters, firmness and adhesiveness, 
significantly higher values were observed for 
the cream base. Additionally, unlike the 
formulations with lipid microparticles and 
nanoparticles, the cream base exhibited a 
greater increase over time.  
The formulations exhibited a similar pH, 
compatible with skin application. In a general 
manner the formulations with particles had a 
decrease in the factor Chroma, due to a 
decrease in b* coordinate. The base showed 
slightly higher luminosity.   
 
CONCLUSIONS 

It was possible to obtain three dispersions 
with different particle sizes using the 
proposed conditions. Semisolid formulations 
suitable for cutaneous application were 
obtained. The formulations with lipid 
particles remained more stable than the 
respective dermatologic base. The 
incorporation of lipid micro- and 
nanoparticles dispersions in a cream base 
constitutes a good option to obtain 
formulations with better characteristics for 
cutaneous application.  
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INTRODUCTION 

Identification of tablet Critical Quality 
Attributes to assist in product development 
and control is under consideration in both 
Europe and the USA (1), (2).  To measure the 
properties of materials intended for 
compression requires a suitable instrument.  
In the past this has been done using an 
instrumented tablet press or a compaction 
simulator.  We have developed a benchtop 
powder compaction analyzer1 which enables 
the user to fully characterise a material 
quickly and easily and using a small amount 
of material to establish its Critical Quality 
Attributes on compaction. 
 
MATERIALS AND METHODS 

Measurements 
The instrument was developed to measure 
punch force and punch position during tablet 
compaction, detachment (of the tablet from 
the punch), and ejection forces. 
Force vs time profiles are also generated for 
every measurement type. The instrument 
operates at speeds from 0.1 – 3 mm s-1, and 
has a dwell time extension feature so that the 
effect of compaction duration can be 
measured. 
                                                 
1 Gamlen D series Dynamic Powder Compaction Analyzer 

Fig. 1: Gamlen D series Dynamic Powder Compaction 
Analyzer 

 
Displacement and force are fully calibrated 
under load conditions.  When used in 
conjunction with measurement of tablet 
thickness, weight and breaking load under 
diametral compression, all important tablet 
properties can be measured or calculated.   
 
Materials 
The properties of approximately 50 materials 
have been measured including APIs and 
excipients in common use, and testing is 
continuing.  A selection of the materials 
tested are included in Tab. 1. The data have 
been used to set parameters for Critical 
Quality Attributes of materials, and have been 
ranked on a five point scale.  This enables the 
user to easily see which compression 
properties are acceptable and which require 
further improvement.  
 
Tab. 1: Excipients, APIs and grades evaluated 
Lactose (2 suppliers) Spray dried 

Milled 
Monohydrate 

Microcrystalline 
cellulose (4 suppliers) 

PH101, 102 and 
equivalents 

Paracetamol 
(Mallincrokdt) 

Semi-fine 
Fine 
Dense 
BP/EP 

Ascorbic acid Analar 
Paracetamol granules Wet granulated 

Dry granulate 
Directly compressed 
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Calculations 
Data from single compactions, and user 
measurements of tablet thickness, weight and 
diametral breaking load, are collated in a 
single spreadsheet which automatically 
generates the parameters listed in Tab. 2. 
 
Tab. 2: Critical Quality Tablets determined using 
the Manufacturability Protocol 
 

Tensile Fracture 
Stress 

Density 

Tabletability Compressibility 
Compactibility Compaction pressure 
Peak ejection stress Detachment stress 
Elastic recovery Risk of over-

compaction 
 
RESULTS AND DISCUSSION 

Elements of the summary report for wet 
granulated paracetamol are shown below: 
 
Tab. 3: Extract from Manufacturability summary 

 

 
 

 
 

 

 
The CQA values for tabletability relates to the 
ability of the tablet to withstand packaging 
and transport.  Compactibility, in particular 
excessive tablet density, is related to capping 
risk from over-compression and poor water 
penetration.  Ejection and detachment stresses 
are linked to lubrication issues; tablet defects 
such as picking and sticking are strongly 
related to ejection stresses above 5 MPa.  
Evaluation of the properties of a single tablet 
formulation, prepared using three 
manufacturing methods, resulted in clear 
differences in manufacturability as assessed 
by the protocol. 
 
CONCLUSIONS 

Development of a manufacturability protocol 
for laboratory use is an important in the 
process of developing tablet formulations and 
managing tablet quality.  The 
manufacturability protocol developed for use 
on a simple laboratory instrument can be used 
throughout the lifecycle of the product from 
research to manufacturing, and generates key 
data which can be used to ensure quality on 
an ongoing basis. 
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INTRODUCTION 

Dimensional changes in tablets after 
compaction are well reported (1), (2).  
Changes during the compaction event itself 
are more difficult to determine and require 
extremely accurate punch position 
measurement.   Many tableting problems, 
particularly capping, has been ascribed to 
elastic changes between compaction and 
ejection but no clear evidence of this has so 
far been presented.  The purpose of this work 
was to measure dimensional changes between 
the minimum thickness of the tablet during 
compaction, tablet thickness at zero pressure 
while the tablet is still in the die, and 
thickness on ejection of the tablet from the 
die, using a dynamic powder compaction 
analyzer (DPCA). 
 
MATERIALS AND METHODS 

Measurements 
The instrument was developed to measure 
punch force and punch position during tablet 

compaction, detachment (of the tablet from 
the punch), and ejection forces. Force vs time 
profiles are generated for every measurement 
type. Displacement and force are fully 
calibrated under load conditions.  
 
Materials 
Paracetamol, ammonium sulphate, 
Avicel PH101 and potassium chloride were 
characterised (particle size, bulk density and 
photomicrography) and used as received. 
Powders were compacted at 5 pressures for 
each material in the range.  Tablet thicknesses 
were calculated from the force-displacement 
profile recorded on the DPCA.  Tablet 
thickness was also measured immediately 
after ejection, and after 24 hours.  The 
dimensional changes were converted to strain 
using the 56 MPa dimensions as a datum 
point and the force/displacement curve for 
each tablet compressed. 

 
Fig. 1: Tablet compaction profile 

 
RESULTS AND DISCUSSION 

Substantial differences between the materials 
tested in the extent and profile of the 
dimensional changes are clearly visible.  
 

 
Fig. 2: Elastic recovery of Avicel PH101 
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Avicel PH101 (Figure 2) showed the biggest 
elastic changes of the materials tested.  
Significant elastic recovery was observed 
between minimum thickness and the 
thickness on ejection.  At the highest 
compression force recovery of 30% was seen 
after 24 h.   
 

 
Fig. 3: Elastic recovery of paracetamol 

 
Paracetamol (Figure 3), which is widely 
reported to cap as a result of elastic recovery 
after compaction and is believed to be a 
brittle material, showed similar strain 
recovery to Avicel PH101 immediately after 
ejection, and recovery continued after 
ejection.  However the extent of elastic 
recovery reduced significantly at the highest 
compaction pressure, suggesting that a 
change in material properties has taken place. 
 

 
Fig. 4: Elastic recovery of ammonium sulfate 

 
Ammonium sulfate (Figure 4) was selected as 
a model material which compacts without the 
addition of lubricant.  It  showed very limited 
elastic recovery except at low pressure, and 
no time dependent recovery. 

 
 
 
 

 
 
 

 
Fig. 5:  Elastic recovery of potassium chloride 

 
Potassium chloride (Figure 5) is widely 
reported as a plastic material.  It showed 
extensive elastic recovery after ejection at 
low and intermediate pressure, but limited 
changes at high pressure.  
 
Overall, distinct differences were seen 
between the materials.  The most extensive 
elastic recovery was observed for 
Avicel PH101 which, despite its well 
established plastic nature, also demonstrates 
the highest elastic recovery of the materials 
tested.  Further work is in hand to evaluate 
the elastic properties of complete 
formulations. 

 
CONCLUSION 

The Dynamic Powder Compaction Analyzer 
generated and reproducible elastic recovery 
data on the materials tested.  The data were 
showed that the elastic properties of some 
materials may not be completely reported in 
the literature. 
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INTRODUCTION 

Hot melt extrusion (HME) is important 
mainly for the improvement of solubility and 
dissolution of drugs and for the preparation of 
controlled release products. The extruded 
solidified melt is usually processed 
conveniently into tablets after milling and 
compression. Different polymers are used and 
has been reported that HME alters their 
mechanical properties (1-2). Therefore, the 
aim of this work was to study the implications 
of HME on the elastoplasticity of commonly 
used polymers, namely: Soluplus for 
solubility improvement, Kollidon and 
Eudragit RSPO for sustained release and 
Eudragit L100 for enteric targeting. 
 
MATERIALS AND METHODS  

Materials 
Soluplus (polyvinyl caprolactam with 
polyvinyl acetate-polyethylene glycol), 
Kollidon (80% polyvinyl acetate with 20% 
polyvinylpyrrolidone) gifts from BASF, 
Germany and Eudragit RSPO (ammonio 
methacrylate copolymer) and Eudragit L100-
55 (methacrylic acid with ethyl acrylate 
copolymer) gifts from Evonic, Germany, 
were used as thermoplastic polymers. Lutrol 
127 (Polyoxyethylene with polyoxypropylene 
copolymer) from BASF, Germany was used 
as the plasticizer at 10% level. 
 

Methods 
A bench-type vertical single-screw extruder 
(Model RCP-0250 Microtruder, Randcastle 
Extrusion Systems, NJ, USA) was used for 
the preparation of the HM extrudates at screw 
speed 40 rpm. The die orifice was 1.2 mm 
and zone temperatures and barrel pressures as 
in Table 1. For uninterrupted feeding, 
granules (100-710 m) were prepared from 
the powder mixtures by slugging (KU 1, 
Erweka, Germany) and fed into the feeding 
throat. The string of extruded melt was cut 
into nearly equidimensional cylindrical 
pellets on a pelletizer and further milled to 
particles <425 m using a cutter mill (IKA 
A11, Germany). 
 
Tab. 1: Processing conditions for HME extrusion 

 

Polymer 
+10% Lutrol 

Zone temper (oC) 

T1 T2 T3 T4 

Barrel 

pressure 

(psi) 

Eudragit RSPO 85 125 135 138 62-67 

Eudragit L100-55 85 125 138 138 750-1500 

Kollidon SR 90 120 135 140 280-350 

Soluplus 100 160 180 180 38-65 
 

 
Compaction 
Force-displacement profiles were recorded 
using an instrumented single-punch tabletting 
machine (Kilian type KIS, Germany, 13-mm 
diameter die, flat faced punches at 20 
strokes/min and pressures up to 160 MPa. 
About 500 mg samples were compressed and 
the force and displacement of the upper punch 
were monitored using load cell and linear 
displacement transducer, signal conditioner, 
polymeter and computer. Yield pressure PY, 
considered as a measure of deformability was 
determined from Heckel plots of ln[1/(1-F)] 
vs pressure P as the reciprocal of the slope c, 
in the linear part 40-120 MPa (F the solids 
fraction and A constant). Elastic recovery 
(ER%) was expressed as the percentage 
increase in tablet thickness 24h after ejection. 
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RESULTS AND DISCUSSION 
 

In Fig. 1 DSC scans for the HME products 
are shown and results of the thermal changes 
for both HME products and physical mixtures 
are iven in Table 2. There are no Lutrol 
melting peaks (due to crystalline polyethylene 
part) in the DSC scans of HME products with 
both Eudragit polymers and Soluplus, 
indicative of good polymer-plasticizer 
miscibility, whereas the melting peak of 
Lutrol is seen in the thermogram of Kollidon 
implying poor miscibility. Eudragit RSPO 
and Kollidon have lower Tg temperatures 
(42.6 and 44.2 oC) than Eudragit L100-55 and 
Soluplus (81 oC and 64.8 oC respectively, 
Table 2). 

 
Fig. 1: DSC thermograms of the experimental HME products 
 
 

 
Tab. 2: Thermal changes in HME products and physical 
mixtures 

 

 
In Fig. 2 representative Heckel plots are 
shown for Eudragit L100-D55/Lutrol F127 
HME powder and the corresponding physical 
mixture. The results from the Heckel analysis 
are presented in Fig. 3 for all HME batches 
and also for the corresponding physical 
mixtures, all containing 10% plasticizer. 
From Fig. 3 it can be seen that PY of Eudragit 
L100 and Kollidon increases after HME 
processing, whereas for Eudragit RSPO and 

Soluplus changes very little. In comparison 
with the physical mixtures, all the HME 
products show increased elasticity which is 
highest for Kollidon (about x6 times) and 
Eudragit RSPO (about x4). The greater 
elasticity for the last two may be related to 
their lower Tg values, with HME having 
greater impact on the molecular packing, 
mobility and bonding ability (1). 

 
Fig. 2: Heckel plots of L100-D55/Lutrol hot melt extruded 
powder and the corresponding physical mixture with 10% 
plasticizer 

 
Fig. 3: Yield pressure (MPa) and elasticity (%) of the L100- 
D55/Lutrol HME powder and the corresponding physical 
mixtures, all containing 10% plasticizer 

 
CONCLUSIONS 

HME affects elastoplasticity and hence 
reworkability and processing to a greater 
extend for polymers with low Tg. 
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Polymer  
+10% Lutrol 

Thermal events (oC) 

Glass transition      Melting point 
    PM      HME       PM        HME 

Eudragit RSPO 42.6 32.8 55.5 43.0 

Eudragit L100-
55 

81.0 <25 oC 55.5 49.0 

Kollidon SR 44.2 34.0 56.8 51.5 

Soluplus 64.8 39.5 59.3 - 
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INTRODUCTION 

Biopharmaceutics Classification System 
(BCS) has been widely accepted as 
pharmaceutical development and regulatory 
tool based on drug substance solubility and 
permeability. Current regulatory guidelines 
set relatively conservative limits for high 
solubility/high permeability [1, 2]. There is 
great interest for scientific understanding of 
drug substance characteristics governing its 
absorption and indentification of accurate, 
biorelevant criteria for drug classification and 
biowaiver justification [3, 4]. In the present 
study, cluster analysis was performed on the 
data set comprising 30 drugs with in vivo 
determined human permeability [4]. The 
results obtained were mapped against the 
established BCS classification.  
 
MATERIALS AND METHODS 

Data Set 
Data set comprising 30 drugs with in vivo 
determined human jejunal permeability 
(reported by Lennernas [4]) was used as the 
initial set for clustering analysis. The 

investigated variables were dose number 
(Do), in vivo determined effective 
permeability (Peff), drug partition coefficient 
(logP) and the fraction drug absorbed (Fa). 
Thus, data frame consisted of 30 literature-
based observations with different 
combinations of the investigated variables: (i) 
Do, Peff; (ii) Do, Peff; Fa; (iii) Do, log P; (iv) 
Do, logP, Fa; (v) Do, Peff, logP; (vi) Do, 
Peff, logP, Fa.  
 

Data Analysis 
Analyses were carried out using Software R, 
version 3.3.0, the open source software 
developed by the R Development Core Team 
(2016) with the package factoextra version 
1.0.3 (5). Before analysis, all the columns 
were transformed to have a mean value of 0 
and a standard deviation of 1.  
The hybrid hierachical k-means clustering 
(hk-means) was performed in order to classify 
data into four clusters (k=4).    
 
RESULTS AND DISCUSSION 

Cluster analysis of the investigated data set 
resulted in somewhat different drugs 
allocation depending on the investigated 
variables employed. It is of interest to note 
that, in each analysis, cyclosporin was the 
solely drug clustered in a separate cluster, 
which is in line with its classification as BCS 
Class 4 drug. α-methyldopa, atenolol, 
hydrochlorothiazide and ranitidine were 
always clustered together in Cluster 1, 
irrespective of the investigated variables 
employed. For the combinations of variables 
(i) – (v), enalaprilat, inogatran, lisinopril and 
terbutaline were also clustered in the Cluster 
1 indicating good agreement with the BCS 
Class 3. Highest level of agreement between 
cluster analysis and the established BCS 
classification was obtained for data frames (i) 
and (ii) based on dose number (Do) and 
human in vivo determined permeability 
(Peff). The list of drugs included in the initial 
data set is presented in Table 1, with the 
generally accepted BCS classification, and 
the outcomes of cluster analysis (i) and (ii). 
Mapping of the clusters obtained against the 
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established BCS classification of the 
investigated drugs indicated that Cluster 1 can 
be related to BCS Class 3; Cluster 2 to BCS 
Class 1; Cluster 3 to BCS Cass 2. 
Furosemide, which is generally described as 
BCS Class 4 drug, was clustered in Cluster 1, 
with the majority of BCS 3 drugs. 
Discrepancy between the results of cluster 
analysis and the established BCS 
classification was observed for antipyrine, 
cephalexin, desipramine HCl, furosemide and 
isotretinoin. In order to understand the 
observed discrepancies, larger data set, with 
larger number of observations, as well as 
variables should be explored. 
 
Tab. 1: Classification of the initial data set by 
hybrid hierachical k-means clustering and BCS 
 

drug 
CA 
(i) 

CA 
(ii) 

BCS 
CA vs 
BCS 

α-methyldopa  1 1 3 agree 
amiloride  2 2 1 agree 
amoxicillin 1 2 3 agree 
antipyrine  3 3 1  
atenolol  1 1 3 agree 
carbamazepine  3 3 2 agree 
cephalexin  2 2 2/3  
cimetidine  1 2 3 agree 
cyclosporine  4 4 4 agree 
desipramine HCl  3 3 1  
enalapril maleate  2 2 1 agree 
enalaprilat  1 1 3 agree 
fexofenadine  1 1 3 agree 
fluvastatin sodium  2 2 1 agree 
furosemide  1 1 4  
hydrochlorothiazide  1 1 3 agree 
isotretinoin  1 2 2  
inogatran  1 1 3 agree 
ketoprofen  3 3 2 agree 
L-dopa  2 2 1 agree 
lisinopril 1 1 3 agree 
losartan  2 2 1 agree 
metoprolol  2 2 1 agree 
naproxen  3 3 2 agree 
piroxicam  3 3 2 agree 
propanolol  2 2 1 agree 
ranitidine  1 1 3 agree 
terbutaline 1 1 3 agree 
valacyclovir  2 2 1 agree 
verapamil 3 3 2 agree 
 

Visualization of cluster analysis performed is 
given in Fig. 1.  

 
Fig. 1: Visualization the hk-means final clusters 
 
 
CONCLUSIONS 

Cluster analysis is a promising tool for drug 
classification based on their 
biopharmaceutical properties. The results of 
data analysis of the relatively small set of 
observations, indicate relatively high level of 
correlation with the established BCS 
classification of the investigated model drugs. 
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INTRODUCTION 

Liquid crystals (LCs) with lamellar structure 
are of great interest for dermal application in 
pharmacy as well as in cosmetology. Their 
advantages such as ideal consistency, 
thermodynamic stability and great 
solubilisation properties along with controlled 
release are directly related to their structure. 
The latter is a result of specific arrangement 
of hydrates and solvates of surfactants in the 
presence of water and/or oil phase, i.e. 
altering polar and nonpolar layers in case of 
lamellar LCs (1).  
Phase behaviour and structural features along 
with cytotoxicity evaluation of lecithin based 
lamellar LCs have previously been reported 
by our group (2). Systems were composed of 
isopropyl myristate (IPM)/Tween 80/lecithin/ 
water and developed for dermal delivery of 
ascorbyl palmitate (AP). Therefore, as an 
extension of this study, systems on a dilution 
line were further investigated upon increasing 
water content in relationship to AP release 
profile. Microstructure was evaluated using 
polarization microscopy, while in vitro 
release studies were performed through 
synthetic membrane. 

MATERIALS AND METHODS 

Lamellar LCs were composed of (IPM), 
Tween 80® (both from Fluka, Germany), 
lecithin (Lipoid S-100®) (Lipoid GmbH, 
Germany) and bidistilled water.  
Tested lamellar LCs samples (Table 1) were 
prepared by mixing appropriate amounts of 
IPM, Tween 80, and lecithin to form a 
homogeneous mixture; in the case of AP-
loaded samples, AP (1 % (m/m), Fluka 
BioChemica) was dissolved in a 
homogeneous oil-surfactant mixture. Water 
was added afterwards during continuous 
stirring. 
 
Tab. 1: The composition of tested LC samples. 
 

LC
Lecithin
(wt.%) 

Tween 80 
(wt. %) 

IPM 
(wt. %) 

Water 
(wt.%)

1 27,96 27,96 24,36 19,97 
2 26,20 26,20 22,83 25,00 
3 24,46 24,46 21,31 29,98 
4 22,72 22,72 19,97 34,98 
5 20,96 20,96 18,26 40,00 
6 19,21 19,21 16,74 45,00 
7 17,47 17,47 15,22 50,00 

8 15,72 15,72 13,70 55,01 

 
The unloaded and AP-loaded LC samples 
were examined with a polarized microscope 
using a Physica MCR 301 rheometer (Anton 
Paar, Graz, Austria) at 25 °C. The 
magnification was 20×.  
AP release through a hydrophilic cellulose 
acetate membrane was determined with a 
Franz diffusion cell (n=4) with a diffusion 
area of 0.785 cm² at 32 °C. 8 ml of receptor 
medium (0.9% NaCl/ethanol=1/1) was used, 
and 600 mg of tested AP-loaded LC 1-LC8 
was applied on the donor side. Aliquots of the 
receptor medium were collected at 
predetermined time intervals and assayed for 
AP content using HPLC. Drug release was 
expressed by the amount of released AP (%) 
after 8 h.  
 
RESULTS AND DISCUSSION 

The lamellar structure was confirmed with 
polarization microscopy for all investigated 
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unloaded as well as AP-loaded samples (Fig. 
1). Namely, characteristic Maltese crosses 
were observed for LC2-LC8, either in 
separate arrangement or as oily streaks. 
However, increasing water content for tested 
systems along dilution line reflected in 
decreased number of Maltese crosses that 
implies on less pronounced lamellar structure. 
The same effect was observed following AP 
incorporation, e.g. for LC8 the Maltese 
crosses could hardly been seen with 
magnification used. On the other hand, 
hexagonal arrangement was established for 
both, unloaded and AP-loaded LC1 sample, 
as Schlieren structures were seen on 
photomicrographs. The latter could be 
explained with the highest content of Tween 
80 in LC1 sample that tends to form spherical 
structures based on its packing parameter.  
 

 
 
Fig. 1: Polarized light microscopy photomicrographs of 
representative LC samples; white arrows point to Schlieren 
structures or Maltese crosses. 

 

Alternation of LCs microstructure can occur 
due to dilution with physiological fluids, i.e. 
with water on skin surface in case of dermal 
application, that consequently implies 
different release rates. The release profiles of 
LC1-LC8 that lie on the same dilution line are 
shown in Fig. 2. The highest amount of AP 
was released from LC5 (14 % after 8 h) and 
followed by LC3 and LC4. Most likely this 
effect is caused by parallel movements of 
layers that ease the AP diffusion. 
Accordingly, the Maltese crosses were most 
distinct for LC3-LC5. AP release from LC1 
with hexagonal structure was lower, yet 
comparable to LC2 and also LC6 indicating 
the importance of water content between 

layers. Namely, water content determines the 
state of interlamellar water as a result of 
diverse interactions with amphiphilic 
molecules, i.e. lecithin and AP in case of AP-
loaded LC. 

 
Fig. 2: The release profiles of AP from LC1-LC8.  
 
The lowest amount of AP was released from 
LC7 and LC8. This effect can be attributable 
to (i) pronounced swelling of lecithin (3) 
resulting in increased viscosity (data not 
shown) together with (ii) increased interlayer 
spacing (4) due to higher water content. The 
latter was also indicated by reduction of 
Maltese crosses. 
 
CONCLUSIONS 

The release profile of AP from LC samples in 
relationship to their microstructure was 
evaluated. Obtained data together with 
concurrent SAXS and DSC evaluation 
provides important information regarding 
suitability of lamellar LC systems as novel 
skin delivery systems.  
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INTRODUCTION 
Awareness and concern about the adverse 
effects of ultraviolet radiation has increased 
significantly in recent years. As a result, 
consumers are seeking more efficient 
protection from the sunscreen products. 
Avobenzone (4-tert-butyl-4´-
methoxydibenzoylmethane, INCI Name: 
Butyl methoxydibenzoyl methane, AVO) is 
one of the few available UVA filter and is 
widely used in sun protection formulations. 
The major drawback to its use is its well 
known photoinstability, especially when used 
in combination with the UVB filter 
octylmethoxycinnamate, (Ethylhexylmethoxy 
cinnamate, OCT) (1). Oddly this combination 
along with the UVB filter Octyltriazone 
(INCI name: Ethylhexyl triazone OTZ) is 
used in the majority of sunscreens mainly 
because it provides protection over a wide 
range of UV radiation. The stability of 
avobenzone is usually improved by adding 
stabilizers such as octocrylene. 
Nanoemulsions (NE) find increasing 
applications as vehicles for the transport of 

bioactive ingredients in specific layers of the 
skin. In comparison to conventional 
emulsions (CE) their dispersed phase 
consisted of small droplets, provides 
resistance towards physical destabilization. 
The aim of this work was to enhance 
chemical stability of AVO by incorporation in 
nanoemulsions and to investigate the impact 
of the carrier on the skin penetration kinetics.  

 

MATERIALS AND METHODS 
CE and NE incorporating AVO, OCL and 
OTZ were prepared. The lipid phase consisted 
of miglyol 812 (Crodamol GTCC (S); Croda, 
Leek, UK, INCI: caprylic/capric triglyceride), 
Softisan® 154 (Condea, Witten, Germany, 
INCI: hydrogenated palm oil), and Solutol® 
HS 15 (BASF; Ludwigshafen, Germany, 
INCI: PEG-15-hydroxystearate) (Table 1). 
Their physicochemical characteristics were 
determined and their colloidal stability over 
time was assessed by monitoring particle size 
changes using Dynamic Light Scattering or 
Static Light Scattering, as appropriate, after i. 
centrifugation, ii. accelerated aging (three 
cycles of heating and cooling: 45oC -  25oC) 
and iii. storing them in various conditions 
(25o, 4o and 45oC) (2). The stability of AVO 
in CE and in the NE after irradiation of the 
samples was evaluated by assessing their 
physicochemical characteristics and AVO 
content (3). The penetration depth and 
kinetics of AVO in stratum corneum (SC) 
was evaluated in vivo, using tape stripping 
technique (D-SQUAME® skin sampling 
discs, CuDerm Corporation Dallas Texas, 
USA) over 2 h of applying 2mg / cm2 of CE 
or NE on the skin of forearm of healthy 
volunteers. 5 tape stripping per site of 
application was used which corresponds to 
20% of total SC (4). The quantification of 
AVO was performed using UV-spectroscopy. 
 

RESULTS AND DISCUSSION 
The composition of the two formulations (CE 
and NE) is described in Table 1. 
The concentration of AVO incorporated in 
both CE and NE as measured after 
preparation was 1mg/ml. The size of the 
dispersed phase droplets of CE was 50.69μm 
and the Uniformity 0.67. NE droplets were 
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b a 
 

163.3nm ± 1.3nm (PdI 0.2). The zeta 
potential (-51.3mV ± 0.3mV, width 7.8) was 
indicative of good long term stability.  
Both formulations CE and NE passed 
successfully the centrifugation and 
accelerated aging tests. NE was stable at all 
storing conditions, without significant 
alterations on its droplets size and zeta 
potential distribution and AVO content. On 
the contrary CE demonstrated phase 
separation after 15days of storage at 25oC and 
45oC, while it retained its stability up to 60 
days of storage at 4oC. 
Tab. 1: Composition of the lipid phase of CE and NE. 
 

Ingredient (INCI) Concentration 
(% w/v) 

hydrogenated palm oil 1 

caprylic/capric triglyceride 2 

Emulmetik 900 3 

PEG-15-hydroxystearate 1,44 

Butyl methoxydibenzoyl methane 
(AVO) 

1,5 

Ethylhexylmethoxy cinnamate 
(OMC) 

1,5 

Ethylhexyl triazone  
(OTZ) 

0,5 

 

After irradiation NE retained its stability as 
proven by measuring its particle size and zeta 
potential distribution while CE displayed 
phase separation and sedimentation. The 
reduction of AVO content in NE and CE was 
0% and 46% respectively. 
The total amount of AVO incorporated in SC 
after 2 h post application of CE or NE on the 
skin of forearm of healthy volunteers was 1 
μg/cm2 for both formulations. CE retained 
stable AVO concentration up to 2 h post 
application. At NE application sites AVO was 
reduced by 25% of the initial concentration at 
1h and 49% at 2 h post application (Fig. 1). 

 
Fig. 1: AVO incorporated in SC of healthy volunteers after 1 and 
2 h of application of CE (blue line) or NE (red line). 

60% of AVO in CE and only 40% in NE 
remained on the surface of SC (1st tape) 0.5 h 
post application. The remained amount of 
AVO in CE was detected in 2+3 tapes which 
corresponds to 10% of total SC. AVO was not 
detected on tapes 4+5 (20% of total SC) 
before 2 h of application (Fig 2b). The 
remained amount of AVO in NE 0.5 h post 
application was partitioned between 10% and 

20% of SC at 35% and  
 
 
Fig. 2: Profile of penetration in stratum corneum (SC) of AVO 
incorporated in a) conventional and b) nanoemulsions after 
application on the skin of healthy volunteers. 
 
20% respectively (Fig. 2a). These results in 
combination to the fact that after 2 h of 
application the total amount of AVO in NE is 
reduced is indicative of its penetration to 
deeper  layers of SC. 
 
CONCLUSIONS 
The results revealed that the NE incorporating 
AVO is more stable than the corresponding 
CE. Better stability of physical characteristics 
and AVO protection is achieved at storage at 
4°C. In contrast to CE, NE maintained its 
physical stability and protected AVO from 
photo-degradation after irradiation. Finally 
the incorporation of AVO in NE enhances its 
penetration to deeper layers of SC. 
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INTRODUCTION 
In recent years, increasing demands for 
individualized drug therapy has led to an 
increasing interest in the compounded 
antiinflammatory and pain-relieving 
medications for topical application (1). 
However, these formulations have been rarely 
studied regarding their quality and therapeutic 
performance. Hence, this study was carried 
out to identify and characterize the critical 
quality attributes (CQAs) of recently 
developed alkyl polyglucoside (APG)-
stabilized bases and conventional 

(pharmacopoeial) ones that can impact patient 
acceptance and therapeutic effect of 
aceclofenac (ACF), as a model drug.  
 

MATERIALS AND METHODS 

Materials 
Tab. 1: Composition of investigated samples 

Ingredients* (%) S1A S2A S3A RA 

Cetearyl glucoside 
cetearyl alcohol 

8 8 8 - 

Cetostearyl 
alcohol 

1 1 1 10 

Medium chain 
triglycerides 

10 10 10 - 

Isopropyl alcohol - 10 - - 
Glycerol (85%) - - 20 10 
Polysorbate 60 - - - 5 
White soft paraffin - - - 25 
Aceclofenac 1 1 1 1 
Ultrapure water to 100 100 100 100 
*Where applicable, all ingredients were of Ph. Eur. quality 
 

PREPARATION AND 
CHARACTERIZATION 
The investigated bases were prepared 
according to previously described procedure 
(2). Afterwards, the ACF was carefully 
suspended in the prepared bases. The 
saturation concentration (Cs) of ACF in 
investigated vehicles, uniformity of the 
finished products (with respect to visual 
uniformity and uniformity of ACF), 
spreadability (yield stress), viscosity (at low 
and high shear rates), pH value and in vitro 
release rate (determined using two 
compendial apparatuses–vertical diffusion 
and immersion cells) were selected as CQAs. 
Additionally, to obtain deeper insight into the 
specific microstructure of investigated 
samples, they were examined using polarized 
light microcopy.  
 

Tape stripping method  
Considering the recently proposed Topical 
Drug Classification System (3), since the 
APG-stabilized samples are qualitative (Q1) 
and quantitative (Q2) different compared to 
reference sample and contain excipients that 
can influence ACF skin penetration, the in 
vivo tape stripping (TS) study was performed 
to compare ACF skin bioavailability from the 
tested samples. TS and subsequent data 
analysis yielding SC-vehicle partition 
coefficient of ACF (K), characteristic 
diffusion parameter (D/L2) and entire amount 
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of drug in the SC at time t (AUC), were 
performed according to previously described 
procedure (4). 
 

RESULTS AND DISCUSSION 
The top, middle and bottom portions of ACF 
creams showed no evidence of phase 
separation or alterations in physical 
appearance. ACF uniformity of content was 
analytically verified in all samples. 

 
Fig. 1: (a) Flow curves of tested samples and (b) representative 
polarization micrographs of APG-based and reference samples 
Polarization micrographs (Fig. 1) revealed 
distinct differences in the colloidal structure 
between APG-based and reference samples 
(lamellar liquid crystalline phase vs. matrix-
like structure). The rheological behavior was 
highly dependent on the samples’ 
microstructure (Fig. 1), indicating 
ameliorated sensory properties of APG-
stabilized samples compared to reference 
sample.  

Fig. 2: Comparison of the in vitro release profiles of ACF from 
investigated samples obtained using a) vertical diffusion cells and 
b) immersion cells  

Based on in vitro release rates of ACF 
obtained using both selected apparatuses (Fig. 
2), the samples could be ranked – 
S1A>S3A>S2A>>RA, implying that 
viscosity is the major factor governing the 
ACF release from the tested samples. 
 

Tab. 2: Saturation concentration of ACF in the investigated 
vehicles as well as derived dermatopharmacokinetic parameters 
(mean±SD, n=3-4) of ACF across the SC following 0.5 h 
application 

 S1A S2A S3A RA 

Cs  
(%, w/w) 

0.0156 0.1080 0.0675 0.0092 

K 
2.51± 
0.51 

4.32± 
0.57 

2.34± 
0.52 

1.47± 
0.22 

D/L2 (h-1) 
0.239± 
0.081 

0.270± 
0.034 

0.156± 
0.028 

0.161± 
0.067 

AUC 35.18± 60.96± 32.75± 18.25± 

(mM) 7.13 8.03 7.33 2.29 
Results of the in vivo tape stripping study 
(Tab. 2) also showed the better performance 
in ACF cutaneous delivery of APG-stabilized 
bases compared to reference, whereby the 
amount of penetrated ACF from S2A was 
significantly higher than from S1A and S3A. 
Addition of isopropyl alcohol significantly 
increased solubility of ACF in the 
formulation (Cs), and thus enhancing its 
thermodynamic activity. Additionally, based 
on K and D/L2 values (Tab. 2), it could be 
deduced that isopropyl alcohol also increased 
solubility of ACF in the SC (D/L2 remained 
almost unaltered), thus significantly 
modifying its uptake into the skin. Contrary, 
an inclusion of glycerol did not exert any 
significant effect on ACF penetration into the 
skin. 
 
CONCLUSIONS 
The conducted characterization of selected 
CQAs and evaluation of in vivo products’ 
performances using TS technique confirmed 
that the investigated APG-stabilized bases 
could be a preferential option in drug 
compounding as ready to use vehicles 
compared to conventional base of ascertained 
pharmacopoeial quality.  
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INTRODUCTION 

Platinum compounds are of great importance 
in the treatment of the cancers. The first such 
drug that has found therapeutic application 
was cisplatin. Oxaliplatin and satraplatin are 
newer organometallic complexes of platinum 
with a cyclohexyl group in the structure and 
less severe side effects of cisplatin. 
Mathematical modeling is ethylenediamine 
group found to be in the top five ligands for 
construction of organometallic complexes 
after a positive contribution to the antitumor 
activities (1).  
(S,S)-1,2-ethylendiamine-N,N'-di-2-(3-
cyclohexyl)propanoic acid esters (EDCP) and 
(S,S)-1,3-propanediamine-N,N'-di-2-(3-
cyclohexyl)propanoic acid (PDCP) (Table 1) 
have shown in vitro citotoxic activity towards 
human leukemic cell lines (2). Estimation of 
permeability on artificial membrane using in 

vitro PAMPA tests (Paralell Artificial 
Membrane Permeability Assay) and 
determination of the permeability parameter 
(%CA(t)/CD(0)) and the membrane retention 
(%R) (3).   
   
Tab. 1: The structural formulas of synthesized compounds 

 
 

MATERIALS AND METHODS 

Acid EDCP and dimethyl-, diethyl-, dipropyl-, 
dibutyl- and diisobutyl ester of EDCP, acid 
PDCP and dimethyl-, diethyl-, dipropyl-, 
dibutyl-, diisobutyl-, dipentyl- and diisopentyl 
ester of PDCP (University of Belgrade – 
Faculty of Chemistry); hydrophobic 
polyvinyldenefluoride microfiltration plates 
with 96 compartments MultiScreenTM HTS, 
lecithin, dodecane, dimethylsulfoxide, 
disodium-hydrogenphosphate, sodium-
dihydrogenphosphate monohydrat, methanol, 
ammonium acetate, trifluoroacetic acid, 
ultrapure water. Instrument UHPLC Accela 
1000 with mass analyzer TSQ Quantum 
Access Max, column Hypersil Gold aQ 
100x2.1mm 1.9µm. The donor compartments 
are filled  with 400µl solution of the 
substance (100µM) in a solvent (5% solution 
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of a dimethylsulfoxide in phosphate buffer 
pH 7.4). Acceptor compartments are filled 
with 300µl of solvent. Incubation time was 17 
h, every substance was tested in triplicate and 
the concentation in the donor and acceptor 
compartments was determined by LC-MS/MS 
method. 
 
RESULTS AND DISCUSSION 

We examined the permeability of EDCP, 
PDCP and twelve esters by PAMPA test 
throught the artificial membrane (5µl solution 
of 1% lecithin in dodecane w/v). Ester 
derivatives with the side chain longer from 
butyl groups pass through the membrane with 
values of %CA(t)/CD(0) less than 1%. It is 
determined smaller %R for the acids in 
comparison to the esters, while the highest 
value of %R are determined for diethyl esters 
of EDCP (97.5%) and PDCP (96.1%) and 
dibutyl ester of EDCP (99.9%). 
 

CONCLUSIONS 

On the basis of these results it can be 
concluded that most of the tested substances 
(except EDCP and diisopentyl ester PDCP) 
belongs to the class III of permeants  (high 
%R, low  %CA(t)/CD(0)).   
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INTRODUCTION 

Chlorpropamide (CPA) is an antidiabetic 
drug, a member of the sulphonylurea group of 
compounds, which possesses several 
polymorphic forms, reported so far. Table 1 
summarizes different nomenclatures of 
CPA’s polymorphs ascertained in the 
scientific documentation (1-3). In order to 
harmonize terminology provided in the 
literature, we adopt the expression suggested 
by Drebushchak et al (1). 
 
Table 1. Nomenclature of chlorpropamides polymorphic forms 
reported in the literature. 
 

Notation CPA polymorphs Authors 

Greek letters α β γ δ ε (1) 

Roman 
symbols  

III II IV VI* I (2) 

Caps Letters A B - - C (3) 
 

Mechanical properties of molecular crystal 
are related to presence of non-directional 
interactions such as van der Waals bonds 
(determines plasticity) and directional 
interactions such as hydrogen bonds, 

responsible for elasticity, due to their 
restorative character. Moreover, different 
molecular packaging (patterns) of hydrogen 
bonds defines the way of crystal deformation. 
Therefore, layered structures deform by 
slipping between the networks of hydrogen 
bonds, whereas for crystals with more 
complex network, breaking of the hydrogen 
bond ribbons takes place by gliding. Thin 2D 
layered crystals with strong intralayer 
hydrogen bonds and weak, non-specific 
stacking interactions lead to intensive plastic 
flow and are typical for shearing type of 
molecular crystals. In contrast, thicker 2D 
layers connected with weak and specific 
interlayer interactions, but with much 
stronger intralayer bonds exhibit lower 
plasticity and are specific for bending type of 
molecular crystals. Brittle character of 
pharmaceutical crystals is frequently 
observed and has been quantitatively 
evaluated by Egart et al (4). In such case, 
mechanical response is related to interlocked 
structure with relatively strong intermolecular 
interactions. Due to »zig-zag« arrangement of 
crystal’s planes, gliding of molecular layers is 
restricted and crystals generally break 
elastically into pieces.  
To understand and elucidate deformational 
mechanism of molecular crystals used in the 
pharmaceutical technology, an experimental 
technique such as instrumented 
nanoindentation has been applied. Here we 
used fully dynamic indentation approach for 
ultra-low load mechanical properties 
characterization, known as DCM-CSM 
(dynamic contact module - continuous 
stiffness measurement). Single crystals of α-
CPA were prepared by recrystallization from 
suitable solvents and oriented at specific 
crystal plane before nanoindentation. In this 
study, the impact of conformational 
polymorphism on deformational properties of 
α-CPA polymorphic forms is investigated 
with DCM-CSM nanoindentation approach as 
a step forward compared to our earlier work 
(4). 
 

 

PP43 



 

164 

MATERIALS AND METHODS 

α - CPA was prepared according to the 
literature data (1). Identification and 
orientation of polymorphic forms were 
determined by single crystal x-ray 
diffractometry. The mechanical properties of 
oriented single crystals were assessed by 
instrumented nanoindentation (Agilent 
Nanoindenter G 200) utilizing the DCM – 
CSM. In this case hardness (H) and Young‘s 
modulus (E) were obtained as a continuous 
function of surface penetration (700 nm). At 
least three crystals were examined and 
number of indents varied from 10 up to 30 in 
respect to crystal size and its surface quality.  
 
RESULTS AND DISCUSSION 

Table 2 summarizes specific mechanical 
properties of the investigated CPA. 
 
Table 2. Summary of mechanical parameters of the compound 
examined. 
 

Parameters 
α [001] α [100] 

Median 
E [GPa] 5.9 ± 1.5 2.5 ± 0.6 
H [MPa] 230 ± 70 150 ± 57.5 
E/Py 66.4 36.4 
H/Py 2.6 2.2 
Py [MPa] 88.9 67.4 

Description Ductile Ductile 

Consolidation 
mechanism 

Plastic/ elastic 
deformation 

Plastic/ elastic 
deformation 

 
Based on our results, deformational 
mechanism for α-form is ascribed as elasto-
plastic with the stress to ductile propensity 
(Table 2). Obtained results can be explained 
by lower compressibility along a-direction 
([001] facet) due to short contacts between 
benzene ring and propyl tail, which belong to 
the neighbouring molecules from different 
stack of hydrogen bonded ribbons. 
Indentation of the smaller facet [100] is 
accompanied by movement almost 
perpendicularly to the hydrogen bonded 
ribbons (along b-axis), i.e. to the front side of 
the stack (Figure 1). As far as hydrogen 
bonding is observed only within the single 
chain (intra-layer hydrogen bonds), packing 
of different chains with van der Waals 

interactions contribute to structure plasticity 
along b – crystallographic axis. 
 

 
 
Fig. 1. Crystal packing along a crystallographic axis ([001] facet) 
and along b ([100]). 

 
Such organization of molecular packing is a 
prerequisite for bending type of crystals. 
Better compressibility of α-CPA in direction 
normal to pleated bands (b –direction) is 
consistent with the results reported by 
Boldyreva et al, where they compared 
obtained outcomes at α – CPA with the 
similar linear strains in paracetamol – I (also 
b-direction) (5). 
 
CONCLUSIONS 

Based on our results, deformational 
mechanism for α-form is ascribed as elasto-
plastic with the stress to ductile propensity. 
Higher E/Py and H/Py ratios are characteristic 
for large plastic zone and more ductile 
properties of dominant crystal plane. The 
study confirms practical aspects of using α-
form for preparation of tablets with direct 
compression due to its significant level of 
plasticity.  
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INTRODUCTION 

Synthetic peptide epitopes show promise as a 
personalized cancer vaccine but suffer from 
poor cellular uptake, processing and adequate 
immune activation.  
We have designed a small self-assembling 
peptide tag that –when appended to soluble 
peptide epitopes- forms discrete nanovesicles.  
The objective of this study was to show the 
immunopotentiating effect of such self-
assembling peptide epitopes (SAPE) in a 
tumor vaccination study in mice. 
 
MATERIALS AND METHODS 

The self-assembling peptide domain (Ac-
AAVVLLLW-COOH) was appended to the 
N-terminus of three different T-cell epitopes 
(OVA250–264, OVA317-339, HPV E743-57) 
to generate self-assembling peptide epitopes 
(SAPEs). The SAPE nanostructures were 
characterized by atomic force microscopy 
(AFM), and dynamic light scattering (DLS). 

SAPEs were subsequently tested in C57BL/6 
mice to induce tumor-specific T-cell 
responses in both a prophylactic as well as 
therapeutic (mice bearing s.c. TC-1 or B16-
OVA tumors) vaccination regimen. 
 
RESULTS AND DISCUSSION 

SAPE bearing either OVA or HPV epitopes 
formed discrete nanostructures of 30-90 nm 
in size (Fig. 1). Small differences in the self-
assembling behaviour were observed for 
different peptide epitopes. Nanoparticles 
remained stable for up to a month when 
stored at 4 °C. It was also shown that the 
SAPEs adjuvanted with CpG were able to 
induce and expand specific CD8+ and CD4+ T 
cells in C57BL/6 mouse models. 
Furthermore, vaccination with HPV-SAPE 
showed partial TC-1 tumor regression with an 
increased survival proportion of mice 
compared to soluble HPV peptide vaccines 
(Fig. 2). 

 
Fig. 1: Atomic Force Microscopy Analysis of SAPE consisting of 
OVA CTL and helper epitopes. 
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Fig. 2: Survival plots of TC-1 tumor bearing mice vaccinated 
with the indicated peptide formulations. 
 

 
CONCLUSIONS 

The extension of soluble, minimal T cell 
epitopes by a self-assembling domain can 
efficiently augment the induction of an 
antitumor immune response, first, by risk 
reduction of T cell anergy and second, by 
enhancing cellular uptake through particle 
formation.  
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INTRODUCTION 
Budesonide is a BCS class II API used for the 
prophylactic treatment of asthma. Due to its 
low water solubility, nanocrystal formation 
has been employed by high pressure 
homogenization (1), or wet media milling 
followed by spray-drying into inhalable 
microparticles, a technology known as 
“nanos-in-micros” (2). Wet media milling is a 
crucial part of the nanos-in-micros treatment; 
therefore the present study investigates the 
effects of formulation and process variables 
on Budesonide nanocrystals and the resultant 
nanocrystal agglomerates produced by spray-
drying. 
 

MATERIALS AND METHODS 
 

Materials 
Budesonide crystalline powder was supplied 
by ELPEN (Athens, Greece). Lutrol F68 
(BASF, Germany), HPMC K4M (Dow 
Chemicals, USA), Pharmacoat 603 (Shin- 
Etsu Chemical Co., Ltd., Japan), HPC-SL, 
HPC-L and HPC-SSL (Nisso HPC, Nippon 
Soda Co., Japan) were tested as stabilizers. 
Molecular and solid state modelling 
BFDH morphology was constructed using the 
GDIS program (3), in order to identify 
possible slip planes in the crystal. 

Suspending medium viscosity 
The viscosity of 0.8% w/w stabilizer solutions 
was determined using an Ubbelohde capillary 
viscometer. 
Wet media milling 
Budesonide (0.5 and 1g) and stabilizer (0.05g 
and 0.5g) were dispersed in 6 ml of water. 
The suspensions were ground in 3 min 
intervals with 5 min breaks on a Pulverisette 
7 Premium ball mill (Fritsch GmbH, 
Germany), loaded with 70 g of 1 mm beads. 
The effect of formulation (stabilizer type and 
amount) and process parameters (milling time 
and speed) on the particle size was evaluated. 
Particle size analysis of nanosuspensions 
The Z-average size and polydispersity index 
(PdI) during milling was monitored with a 
Zetasizer nano ZS (Malvern, UK). 
Spray-drying of nanosuspensions 
65 ml of aqueous solution containing 15 g of 
mannitol, 2 g (NH4)2CO3 and 1 g of Leucine 
was added in 15 ml of nanosuspensions 
prepared with 10% and 50% w/w HPC-SL, 
and spray-dried at a flow rate of 800 l/h, 
aspirator 100%, inlet temperature 110 °C, and 
feed rate of 15%, using a B-191 Mini Spray-
dryer (Büchi, Switzerland). 
Characterization of agglomerates 
The morphology of nanocrystal agglomerates 
was assessed by optical microscopy and the 
particle size distribution was determined by 
laser diffraction (Spraytec, Malvern, UK). 
 

RESULTS AND DISCUSSION 
Fig. 1 shows the existence of layers along the 
(002) Miller plane, which is the most 
probable slip plane, due to the lack of  
 

 
Fig. 1: Crystal structure showing the most probable slip plane, 
and BFDH morphology of Budesonide crystals. 
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significant interactions between these 
adjacent layers. 
Among the various tested stabilizers, the 
smallest particle size with a unimodal 
distribution was achieved with the 
hydroxypropyl-cellulose (HPC) family of 
polymers. Further testing among different 
HPC grades revealed that the intermediate 
viscosity grade HPC-SL (2.12 mm2/s) 
produces better results than HPC-L and HPC-
SSL (2.627 and 1.483 mm2/s, respectively), 
and was thus chosen for further 
experimentation. Prolonged milling 
contributes to a lower particle size, however 
no significant size changes could be observed 
beyond 60 minutes of milling. Increasing the 
milling speed from 500 to 800 rpm was found 
to enhance agglomeration of the 
nanoparticles, while increasing the amount of 
stabilizer from 10 to 50% w/w of API does 
not affect the particle size distribution 
significantly. 
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Fig. 2: Z-average size vs time for nanocrystals produced at 500 
rpm in presence of 10% w/w of different stabilizers. 
 

Regarding the spray-dried nanocrystal 
agglomerates, observation of droplet drying 
on a hot-stage microscope revealed that the 
particles are hollow, with the Budesonide 
nanocrystals deposited on a crust of mannitol, 
Fig. 3. Results of spray-dried agglomerate 
particle size by laser diffraction indicate that 
both stabilizer amounts tested, contribute to 
the formation of agglomerates suitable for 
inhalation, with the lower amount of stabilizer 
(10%) leading a slightly lower diameter, and 

a higher percent volume in the inhalable 
range (<10 μm). 
 

 
 
Fig. 3: Hot stage microscopy observation of microparticle 
formation. 

 
This can possibly be due to the higher 
viscosity of the 50% stabilizer solution and 
the adverse effect of viscosity on droplet size 
during spray-drying. 
 
Tab. 1: Particle size (mean and geometric standard devation) 
and aerosolization parameters of spray-dried agglomerates. 
 

 Stabilizer concentration  
(% weight of drug) 

 10% w/w 50% w/w 
 Mean σ Mean σ 
Dv50 6.31 7.26 7.73 0.19 
Span 1.92 4.31 2.17 3.21 
%V <10μm 76.17 2.94 64.57 1.72 
Cv (ppm) 20.61 10.53 21.26 8.99 

 
CONCLUSIONS 

Budesonide nanocrystals (Z-average < 300 
nm) can be formed using hydroxypropyl-
cellulose of intermediate viscosity (HPC-SL). 
Increased milling speed promotes nanocrystal 
aggregation, while stabilizer concentration 
does not affect nanocrystal size. Spray-drying 
with mannitol leads to formation of 
agglomerates with favourable inhalation 
characteristics. 
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INTRODUCTION 

The in-situ formation of cocrystals with a 
matrix forming excipient using Hot-Melt 
Extrusion (HME) is an efficient, scalable 
approach (1); however the thermophysical 
properties of the cocrystal-excipient system 
have to be well characterized. Hence, in the 
present study thermodynamic phase diagrams 
of cocrystal-excipient systems are constructed 
with the aid of DSC and Flory-Huggins lattice 
theory, using carbamazepine - nicotinamide 
(CBZ-NCT) and ibuprofen - nicotinamide 
(IBU-NCT) cocrystals with Soluplus® as 
model cocrystal-thermoplastic excipient 
systems. 
 
MATERIALS AND METHODS 

Materials 
Carbamazepine (CBZ, form III, Galenika, 
Serbia) and ibuprofen (IBU, Boots Pharma, 
UK) were used as model APIs, nicotinamide 
(NCT, Sigma Aldrich Co., USA) was used as 
suitable coformer, and polyvinyl caprolactam-
polyvinyl acetate grafted copolymer 
(Soluplus®, BASF, Germany) was used as a 
matrix forming thermoplastic excipient. 
Preparation of cocrystals 
IBU-NCT and CBZ-NCT cocrystals were 
prepared by slow evaporation of ethanol 
solutions. 
ATR-FTIR spectroscopy 
ATR-FTIR spectra in the region of 600-4000 
cm-1 were obtained using an IR-Prestige-21 

FTIR spectrometer (Shimadzu, Japan) 
coupled with a Golden-Gate MKII ATR 
system (Specac, UK). 
Melting point depression 
Physical mixtures of CBZ-NCT and IBU-
NCT cocrystals with Soluplus® at 90/10, 
80/20, 70/30, 60/40, 50/50, 40/60, 30/70, 
20/80 and 10/90 weight ratios were prepared 
and the depression of cocrystals’ melting 
point was determined with the aid of a DSC-
204 F1 Phoenix differential scanning 
calorimeter (Netzsch, Germany) in the 
temperature range of 25-250oC, at a heating 
rate of 10 K/min, under nitrogen purge gas 
flow of 70 mL/min. 
Flory-Huggins modelling  
The Flory-Huggins interaction parameter (χ) 
was estimated based on the melting point 
depression of the cocrystals in physical 
mixtures with Soluplus® according to the 
equation: 

1 1
∆

1
1 2

 

where, Tm
mix and Tm

drug  are the end point 
temperatures of melting for the cocrystal-
Soluplus® mixtures and pure cocrystals, 
respectively, as determined from the DSC 
melting curves, assuming temperature 
dependence of χ: 

 

where, A and B are constants and T is the end 
point melting temperature. Based on the 
estimated χ value, the liquidus and miscibility 
boundary (spinodal) curves were estimated 
and drawn according to (2). 
 
RESULTS AND DISCUSSION 

Cocrystal characterization 
FTIR spectra of pure CBZ, IBU and NCT 
along with those of the prepared cocrystals 
are illustrated in Fig. 1. The absence of 
characteristic absorption bands of the pure 
constituents in the spectra of cocrystals, 
confirms that the solvent-evaporation 
crystallization process applied in the present 
study resulted in highly pure cocrystals (3, 4). 

PP46 



 

170 

4000 3500 3000 2000 1500 1000

-50

0

50

100

150

200

250

IBU -N C TR
ef

le
ct

a
nc

e 
(%

)

W avenum bers [1 /cm ]

C BZ -N C T

C BZ

IBU

N C T

 
Fig. 1: FTIR spectra of pure CBZ, IBU and NCT along with 
prepared cocrystals. 
 

Differential Scanning Calorimetry 
DSC thermograms of examined mixtures 
(Fig. 2) showed cocrystals’ melting point 
depression with increasing Soluplus® 
concentration. 
 

 
Fig. 2: DSC thermograms for CBZ-NCT/Soluplus® (A) and IBU-
NCT/Soluplus® (B) mixtures 
 

Phase diagram construction 
Based on the melting point depression, the 
values of the A and B constants of interaction 
parameter, χ, which correspond to the 
entropic and the enthalpic contribution, 
respectively, for CBZ-NCT/ Soluplus® and 
IBU-NCT/Soluplus® were estimated and they 
are listed in Table 1. The complete phase 
diagrams for both systems including the 
liquid-solid transition curves (liquidus) and 
the spinodal amorphous phase separation 
curves are shown in Figure 3. 
 
Tab. 1: Constants of the temperature dependence of Flory-
Huggins interaction parameter, χ. 

 Temperature dependence constants 
 A B (K) 
CBZ-NCT -22.1 9883.8 
IBU-NCT -53.7 19979.9 

 
 
Fig. 3: Complete phase diagram predicted for CBZ-
NCT/Soluplus® (black line) and IBU-NCT/Soluplus® (blue line) 
with liquidus (solid lines) and spinodal (dashed lines) along with 
Tg values of Soluplus® (red circles).  

 
From Figure 3 it is obvious that there is a 
region on the left-hand-side of the spinodal 
curve, up to the liquidus curve, where the 
cocrystals are in a metastable state. In this 
metastable zone, if the mixture is supercooled 
below the depicted Tg values, amorphous-
amorphous phase separation may precede 
cocrystal formation. Hence, in order to obtain 
physically stable in-situ cocrystals with 
Soluplus® using a melt mixing technique such 
as HME, the composition of cocrystal to 
matrix former (Soluplus®) should be 
controlled to be on the right-hand-side of the 
spinodal curve.    
 

CONCLUSIONS 

Thermodynamic phase diagrams of CBZ-
NCT and IBU-NCT cocrystals in Soluplus® 
suggest that in-situ formation of cocrystals is 
feasible for temperatures and compositions in 
the region located on the right-hand-side of 
the spinodal curve. 
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INTRODUCTION 

Wet media milling of ibuprofen (1) is not a 
straightforward process due to its high 
ductility (2) and low melting point. The 
present study investigates the effects of 
stabilizer type and milling parameters on the 
efficiency of the comminution process in 
terms of the energetic and structural aspects 
of ibuprofen crystal lattice. 
 

MATERIALS AND METHODS 

Materials 
Ibuprofen (Boots, UK) was supplied by 
Vianex (Athens, Greece). HPMC K4M (Dow, 
USA), Pharmacoat 603, 606 and 615 (Shin- 
Etsu, Japan), HPC-SL (Nisso HPC, Japan), 
Lutrol F68 and Soluplus (BASF, Germany), 
PVP K12, SDS and TPGS 1000 (Sigma 
Aldrich, USA), were tested as stabilizers. 
Distilled water was used as the milling 
medium. 
Molecular and solid state modelling 
The energetic and structural aspects of 
racemic ibuprofen were investigated by 
crystal morphology modeling and Semi 
Classical Density Sums (SDS-Pixel) lattice 
energy decomposition (3), as well as 
construction of energy vector diagrams 
(EVD) (4). The mechanical properties of the 
crystal lattice were calculated by molecular 

mechanics force field methods, with the help 
of the GULP software (5). 
Suspending medium viscosity 
The viscosity of 0.8% w/w stabilizer solutions 
was determined using an Ubbelohde capillary 
viscometer. 
Wettability and surface free energy  
Wettability of ibuprofen by stabilizer 
solutions was evaluated on the basis of the 
contact angle between ibuprofen and 
stabilizer solutions determined by the sessile 
drop method. Surface free energy of 
ibuprofen and stabilizers was calculated from 
their contact angle with water and 
diiodomethane. 
Wet Media Milling 
A Pulverisette 7 Premium planetary ball mill 
(Fritsch GmbH, Germany) loaded with 70g of 
beads (0.3, 0.5 and 1 mm diameter) was used. 
Ibuprofen (0.5g) and stabilizer (0.05g) were 
dispersed in 6 ml of water and subjected to 
grinding at 500 rpm in 3 min intervals with 5 
min breaks. The effect of stabilizer type and 
process parameters (milling time and bead 
size) on the particle size distribution was 
evaluated. 
Particle size analysis of nanosuspensions 
The z-average size and polydispersity index 
(PdI) of nanosuspensions during milling was 
monitored using a Zetasizer nano ZS 
(Malvern Instruments, UK).  
 

RESULTS AND DISCUSSION 

SDS-pixel energy calculations partition the 
total energy of -1111.9 kJ/mol to a strong 
polarization component (-1114.3 kJ/mol), 
followed by the dispersion (-90.3 kJ/mol), 
and Coulombic (-24.6 kJ/mol), with a weak 
repulsive component (117.2 kJ/mol). 

Fig. 1: BFDH morphology of ibuprofen and calculated EVD 
depicting total interactions in the unit cell. 
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EVD plots, Fig. 1, indicate the existence of a 
possible slip direction along the (100) Miller 
plane. The calculated mechanical properties 
listed in Table 1, suggest a rather soft lattice 
with a high compressibility, in accordance 
with the known ductility of ibuprofen (2). 
 
  Tab. 1: Calculated mechanical properties of ibuprofen. 

Mechanical property 

Bulk modulus (GPa) 7.39  
Shear modulus (GPa) 1.98  

Compressibility (GPa-1)  0.135
Young modulus (GPa)  

Ex 4.96 

Ey 8.12 

Ez 8.38 

 

Particle size results, Fig.1, reveal that only the 
cellulose family of polymers, and more 
specifically, the low viscosity HPMC and 
HPC grades facilitate the production and 
stabilization of ibuprofen nanocrystals. 
Carbopol, Ethocel, PVP K12, Soluplus, 
Natrosol 250l, caused substantial 
agglomeration, and addition of surfactants 
caused particle dissolution. Lutrol F68 and 
Methocel K4M required long milling times to 
achieve a particle size close to 1 μm. 
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Fig. 2: Effects of stabilizer, bead diameter, and milling time on 
the particle size of ibuprofen nanocrystals. 
 

The optimum milling duration is ca 10-15 
min, and after that time point, extensive 
particle agglomeration seems to take place. 
Regarding the effect of bead size, smaller 
beads (0.5 and 0.3 mm) contribute to a lower 
particle size, and less agglomeration with 
milling time. This indicates that frequent low-
energy collisions are more effective in 
fracturing ibuprofen crystals than higher-
energy less frequent collisions. 
The effect of dispersant viscosity becomes 
obvious when comparing polymers of the 
same chemical class (HPMC K4M vs 
Pharmacoat and HPC-SL), where there is no 
significant difference between Pharmacoat 
603, 606 and 615 (viscosity of 0.8% solution: 
1.71, 2.0 and 2.25 mPa/s respectively), while 
the substantially more viscous K4M is not a 
suitable stabilizer. Finally, no clear effect of 
wetting by the stabilizer solutions on the 
particle size was seen. However, stabilizers 
with low polar surface energy component, 
Table 2, are generally more efficient, but this 
effect depends on their solutions’ viscosity. 
 
Tab. 2: Surface free energy (SFE) of stabilizers. 

Polymer                  Surface Free Energy (mJ/m2) 

 γp
sv γd

sv
 γsv

Natrosol 30.14 39.19 69,33 
HPC-SL 24.30 34.22 58,52 
Pharmacoat 603 14.36 38.56 52,92 
Methocel K4M 12.18 44.36 56,54 
Soluplus 19.17 42.77 53,696 
Ibuprofen 36.60 24.40 51.00 

 

CONCLUSIONS 
Ibuprofen nano-comminution can be achieved 
with low viscosity cellulosic stabilizers at 
short milling times. The higher effectiveness 
of smaller bead diameter indicates an inverse 
correlation between impact energy and 
particle size. 
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INTRODUCTION 

The degree of miscibility between drug and 
polymer is important both for solubility 
enhancement as well as for the formation of a 
physically stable amorphous system (1). One 
approach for qualitative evaluation of 
miscibility is based on determination of 
Hansen solubility parameters (HSPs) (2). The 
basis of HSPs defines that the total solubility 
parameter δt can be determined from the 
contribution of interactions between 
dispersion forces (δd), polar interactions (δp) 
and hydrogen bonding (δh) of the functional 
groups.  Drug-polymer miscibility was 
classified on the basis of the difference ∆δt 

between the solubility parameters. For ∆δt < 
7.0 MPa1/2, miscibility is likely to occur, but 
in case of ∆δt > 7.0 MPa1/2 it is not (3). 
Quantitative method for miscibility 
evaluation is based on determination of Flory-
Huggins interaction parameter, describing 
thermodynamics of mixing in drug-excipient 
systems by using Flory-Huggins lattice theory 

(4). The aim of this work was to estimate the 
miscibility of carvedilol (CAR) and Soluplus® 
by applying concept of solubility parameter 
difference determination and determination of 
the Flory-Huggins interaction parameter. 
 
MATERIALS AND METHODS 

Materials 
Carvedilol (Ph. Eur. 8) and polyvinyl 
caprolactam-polyvinyl acetate-polyethylene 
glycol graft copolymer (Soluplus®, BASF, 
Germany) were kindly donated by the 
manufacturers.  
 

Methods 
Solubility parameters for carvedilol were 
calculated using Stefanis-Panayiotou group-
contribution method (5) and difference 
between solubility parameters of CAR and 
Soluplus® were calculated using Eq. (1).  

δt
2=δd

2+δp
2+δh

2      (1) 

For the second approach, physical mixtures of 
CAR and Soluplus® were made (each 
formulation in amount of 10 g) and their 
composition is presented in Table 1. 
Additional formulations (F1p, F2p, F3p) with 
CAR (12.5%, 15% and 17.5%) were also 
prepared for more detailed information of 
CAR melting point behavior. 
Tab. 1: Composition of physical mixtures. 
 

Thermal analyses were done on Mettler 
Toledo DSC 1, STARe System (Mettler 
Toledo GmbH Analytical, Giessen, 
Germany). Test conditions were: temperature 
range 25-200 °C; heating rate 10 °C/min, and 
flow of pure nitrogen gas was 50 ml/min. The 
onset of melting for physical mixtures was 
taken as the extrapolated onset of the bulk 
melting endotherm. Equation used for 
calculation of the interaction parameter was 
(Eq. (2)):  

Physical 
mixture F1  F2  F3  F4  F5  F6  F7  F8 

CAR 
(%) 

5  10  20  30  40  50  65  80 
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where TM values are the melting temperatures 
of the pure drug (pure) and drug in presence 
of the polymer (mix). Фdrug and Фpolymer are 
the volume fractions of the drug and polymer, 
respectively. Ratio of the polymer to drug 
volume is marked as m. ∆Hfus represents the 
heat of fusion of the pure drug (calculated by 
determining the area of the endothermic peak 
in the DSC scan) (4). 
 

RESULTS AND DISCUSSION 
The first approach in analyzing CAR-
Soluplus® miscibility was to calculate the 
difference between the corresponding 
solubility parameters (Eq. (1)). HSPs for 
Soluplus® were taken from literature. All 
solubility parameters for CAR and Soluplus® 
are presented in the Table 2. According to 
difference between solubility parameters for 
CAR and Soluplus®, predominant types of 
interactions in this system are dispersion 

forces and hydrogen bonding. 
Tab. 2: Hansen solubility parameters 

Compound δd 

(MPa1/2) 
δp 

(MPa1/2) 
δh 

(MPa1/2) 

Carvedilol (CAR) 19.5 7.6 7.6 

Soluplus® 17.4 0.3 8.6 

The difference in total solubility parameters 
∆δt of CAR and Soluplus® is 2.9 MPa1/2, 
which is below the border for miscibility 
between the two materials (3). 
The second approach was determination of 
Flory-Huggins interaction parameter. DSC 
analysis was done and thermograms are 
presented on Fig. 1. 

 
Fig. 1: DSC thermograms (F1–F8) and (F1p–F3p) 
 

It was demonstrated that the onset of CAR 
melting point decreases with the increase in 
Soluplus® content that is already showing 
miscibility between CAR and Soluplus® (Fig. 
2). 

Fig. 2: Depression of CAR melting onset with increase in 
Soluplus® volume fraction 

The interaction parameter, χ was calculated 
using linear regression of the Eq. (2). This 
parameter equals the slope of the fitted line, 
and calculated value was -2.305 (Fig. 3). 
Negative value of the interaction parameter 
indicates miscibility between CAR and 
Soluplus® (4). 

Fig. 3: Plot used to calculate the interaction parameter 
 

CONCLUSIONS 
According to the obtained results from both 
approaches, based on Hansen solubility 
parameter or interaction parameter, we can 
conclude that carvedilol and Soluplus® can 
form miscible system in certain concentration 
of the drug, which is shown trough negative 
value of interaction parameter and ∆δ < 7.0 
MPa1/2. 
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 INTRODUCTION 

The buccal administration of active 
ingredients by mucoadhesive films nowadays 
are one of the most innovative ways we can 
use to achieve systematic drug delivery. 
The bases of buccal mucoadhesive 
preparations are polymers, which have 
mucoadhesive properties, such as 
hydroxypropyl-methylcellulose (HPMC), 
chitosan or sodium-hyaluronate (1). 
Plasticizer additives can be used in the film, 
to make the administration easier by 
increasing the elasticity of the preparations, 
for instance, glycerine or polyethylene-glycol 
(2). Permeation enhancers are also used in 
buccal mucoadhesive films as additives, to 
improve bioavailability (e.g.: EtOH) (3). In 

this research, we assayed sugar-esters as 
possible permeation enhancers for buccal use, 
which would be an absolutely innovative 
additive for this route of administration. We 
prepared sugar-ester containing films, and 
investigated the mechanical, structural and in 
vitro mucoadhesive properties of them. 
 

MATERIALS AND METHODS  

Materials 
Methocel® E-5 LV and E-15 LV (HPMC) 
was used as film forming polymer in the 
concentrations of 6.5-7.5-8.5 percent. Ryoto® 
P1670 sugar-ester (SE) was added to the 
polymer solution in the concentration of 1 and 
2 percent. 
Experiments 
For the polymer solutions we used distilled 
water as solvent. 
Solvent casting method was used for the 
preparation of the films on Teflon surface. 
Two different temperatures were used for the 
preparation of the solutions and the drying: 
room temperature and 50°C. We have 
prepared 4 different films. Two with 6.5% 
HPMC and 2% SE content (films 3 and 5), 
and two with 7.5 % HPMC and 1% SE (films 
2 and 4). Each composition was prepared at 
room temperature (films 2 and 3), and at 50 
°C (films 4 and 5). 
Methods 
We examined the identification crystalline 
form, in the films with X-ray powder 
diffractometry (XRPD). Spectra were 
recorded with a BRUKER D8 Advance 
diffractometer (Bruker AXS GmbH, 
Karlsruhe, Germany). The free volume 
structure was measured through the 
determination of the lifetime of o-Ps in the 
samples by positron annihilation lifetime 
spectrometry (PALS) with ORTEC PLS- 
system. The tensile strength was tested with a 
device and software developed in our 
Institute, the in vitro adhesion force of the 
film on mucin solution as well. The 
mucoadhesion force was examined by 
calculating the films' surface free energies 
(SFE) based on results from contact angle 
measurement with OCA 20 (DataPhysics 
Instruments GmbH). 
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RESULTS AND DISCUSSION 

The X-ray spectra of 2% SE films prepared at 
room temp., (film 3) shows us that the SE is 
still in the crystalline form in the film. At 50 
°C casting temp., with the same composition 
(film 5) the SE became X-ray amorphous in 
the sample. 

 

 
Fig. 1: XRPD spectra of HPMC and SE powders, HMPC and 
HPMC-SE films at room temp. and 50 °C. 

 

 
 

The free volume (corr. to the o-Ps lifetime) of 
the composites casted at room temperature 
was significantly higher than that of the 
HPMC films or films casted at  50 °C. 

 

Fig. 2: o-Ps lifetime values of SE-HPMC films 
 

 

Films with SE additive became less thick, and 
the elasticity of the samples increased 
compared to the HPMC film (film 1) 

 

 
Fig.3: Thickness curves of SE-HPMC and HPMC films 
 

The film form causes higher SFE values. The 
increase of the SFE is not significant in any 
sample compared to the HPMC film's (film 1) 
SFE. 
 

Tab. 1: Contact angles and SFEs of ingredients and films. 
 

 

tot 
(mN/m) 

d 
(mN/m) 

P 
(mN/m) 

HPMC 55.19±2.50 39.40±2.02 15.79±1.47 

P1670 71.11±2.33 27.01±1.50 44.10±1.79 

film 1. 64.40±3.97 38.01±2.91 26.39±3.22 

film 2. 67.18±3.83 30.30±2.82 36.87±3.28 

film 3. 67.68±3.82 37.08±2.51 30.60±3.70 

film 4. 68.50±3.54 30.13±1.34 38.36±3.28 

film 5. 70.54±3.80 32.08±1.64 38.46±3.43 
 

 
Fig. 4: In vitro mucin adhesional curves of HPMC and HPMC-
SE films 
 
 
 

The mucoadhesional force of the films does 
not depend on the SE concentration, or the 
casting temperature. 
 

CONCLUSIONS 
The permeation enhancer SE seems to have 
plasticizer properties also in room 
temperature casting, which is beneficial for 
the patient and profitable for the 
manufacturer. 
The SE does not have a significant effect on 
the HPMC's good mucoadhesional properties. 
The sugar-esters seem to be suitable additives 
as possible permeation enhancers for buccal 
mucoadhesive films. 
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INTRODUCTION 

Dose sipping technology (DST) is a novel 
form of drug administration in paediatric 
therapy. Drinking a cup of milk or juice 
through a straw that contains API(s) of bitter 
taste can be well tolerated by children. The 
first sipping device on the market was 
Clarosip® which contains the macrolid 
antibiotic clarithromycin in a micropellet 
form (Fig. 1).   
 

 
 
Fig. 1: Dose sipping technology (DST). 
 

The aim of the current research was to 
formulate micropellets containing low-dose 
paracetamol (PCT) as a model drug with 
polyethylene glycol (PEG) and trehalose as 

additives, using a spray-drying method, and 
to apply this product in a DST that allows fast 
release. The conventional steps of micropellet 
production include extrusion, spheronization 
and drying. In this case spray-drying was 
used to produce spherical, amorphous 
micropellets via a single process. Our 
previous research showed that trehalose is a 
good glass former, can be easily spray-dried 
(1) and the critical parameters that may 
induce its recrystallization were determined 
(2, 3). Disaccharides, such as trehalose are 
often used as sweeteners and taste-masking 
agents in orally disintegrating tablets, because 
of their sweetness and low glycaemic index. 
Besides trehalose, PEGs of two different 
molecule weight (PEG-2000 and -6000) were 
used as additives and the properties of both 
products were compared. 
 

MATERIALS AND METHODS 
 

Materials 
The monoclinic form of PCT (d(0.5)=13.084 
μm) was chosen as the model drug for our 
experimental work; it was obtained from 
Sanofi Aventis (Frankfurt am Main, 
Germany). D-(+)-trehalose dihydrate was 
purchased from Karl Roth GmbH + Co. KG. 
(Karlruhe, Germany) and PEG 2000 and 6000 
were obtained from Sigma-Aldrich Chemie 
GmbH (Mannheim, Germany).  
 

Preparation of micropellets 
The aqueous solutions used for micropellet 
preparation contained 7.5% trehalose, 1.5% 
paracetamol and 1.5% PEG. For spray-drying 
a Büchi 191 Mini Spray Dryer (Büchi, 
Switzerland) was used, with 130 °C inlet 
temperature and 2 ml/min feed rate. 
 

Particle size and size distribution 
Particle size and size distribution of the 
product were measured by laser diffraction 
(Mastersizer Sirocco, Malvern Instruments 
Ltd., UK). 
 

Scanning electron microscopy (SEM) 
Morphology of the particles was examined by 
SEM (Hitachi S4700, Hitachi Scientific Ltd., 
Tokyo, Japan).  

PP50 



 

178 

Dissolution studies 
Dissolution profiles of PCT from different 
compositions were determined according to 
the USP-2 paddle method (Pharmatest, 
Heinburg, Germany). The dissolution studies 
were carried out in 100.0 ml phosphate buffer 
at a pH of 6.8 ± 0.1 at 37 ± 0.5°C resembling 
the oral cavity, and in 900.0 ml of 0.1 N HCl 
at a gastric pH of 1.2 ± 0.1 at 37 ± 0.5°C at 75 
rpm. Drug dissolution was determined 
spectrophotometrically at 244 nm 
(PerkinElmer, Lambda 20 spectrophotometer, 
Dreieich, Germany).  
 

RESULTS AND DISCUSSION 

The SEM images of different compositions 
are presented in Fig. 2.  
 

 
Fig. 2: SEM image of the sample containing PEG 2000. 
 

It has been revealed that spray-drying 
produces both amorphous and spherical 
micropellets. In both cases size distributions 
(shown in Table 1.) were found to be 
monodisperse (Fig. 3). 
 

 
Fig. 3: Size distribution of micropellets determined by laser 
diffraction. 
 
Tab. 1: Particle size distribution of micropellets. 

 d(0.5) 
[μm] 

D[3,2] 
[μm] 

D[4,3] 
[μm] 

PEG 2000 10.711 8.893 13.685 
PEG 6000 6.897 5.667 7.938 

Fig. 4 and 5 depicts the dissolution profiles of 
the different compositions at different pH 
values. 
 

 
 

Fig. 4: Dissolution characteristics of our products at the oral 
cavity pH of 6.8 ± 0.1 and 37 ± 0.5°C (average ± SD, n=3). 
 

 
 

Fig. 5: Dissolution characteristics of our products at the gastric 
pH of 1.2 ± 0.1 and 37 ± 0.5 °C (average ± SD, n=3). 
 

CONCLUSIONS 

The micropellets produced were amorphous 
and spherical which resulted in fast drug 
release. Using PEGs in the formulation 
decreased the electrostatic charge of the 
particles and produced good flow properties. 
The particle size distributions were 
monodisperse in both cases. These results 
support that spray-drying is an appropriate 
method for producing micropellets that are 
applicable for DST. 
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INTRODUCTION 

The urinary bladder epithelium called 
urothelium is a blood-urine permeability 
barrier, which is provided by specially 
structured apical plasma membrane of 
superficial cells and highly impermeable tight 
junctions between them (1). Several 
substances can trigger urothelial exfoliation 
and have already been more or less 
successfully used in clinical practice. For 
example, colloidal solution of silver albumin 
acetyltannate (targesin) is used in the 
treatment of bacterial cystitis, whereas a 
cytostatic agent mitomycin C is used in the 
treatment of superficial bladder cancer (2, 3). 
In animal models also polysaccharide 
chitosan has been proven to induce urothelial 
exfoliation (4).  
The aim of our study was to compare the 
effectiveness of chitosan, targesin and 
mitomycin C regarding the urothelial 
exfoliation as well as the functional and 
structural urothelial regeneration after the 
induced injury.  
 
 

MATERIALS AND METHODS 

Transepithelial electrical resistance 
(TEER) measurement 
Ex vivo experiments with adult female Wistar 
rats were performed. The corpus of the 
urinary bladder was halved and placed onto 
an insert (aperture area: 0.07 cm2) and placed 
between the EasyMount® side-by-side 
diffusion chambers (Physiologic 
Instruments). The incubation solutions were 
constantly oxygenated (95% O2, 5% CO2) and 
maintained at 37°C. The serosal side of the 
tissue was bathed with Dulbecco's modified 
Eagle's cell culture medium (Sigma-Aldrich) 
throughout the experiment. The urothelium 
was first exposed to phosphate buffered saline 
(PBS; pH 7.4) for 30 min (equilibration 
period). In the treatment period the 
urothelium was exposed to 0.05 or 0.5% 
(w/w) dispersion of chitosan (Kraeber&Co, 
88.8% of deacetylation) in PBS (pH 4.5), 2% 
solution of targesin (Laboratorios Argenol) or 
0.5 mg/mL solution of mitomycin C 
(Kyowa). Different duration of treatment 
period and in the case of chitosan also 
different concentrations were tested. At the 
end of the treatment period the mucosal side 
was exposed to PBS (pH 7.4) up to 360 min 
(regeneration period). Electrophysiological 
parameters were measured by a multi-channel 
voltage-current clamp (model VCC MC6, 
Physiologic Instruments) under open circuit 
conditions with the current set to zero. For 
each measurement, the potential difference 
value was clamped to 20 mV and the 
necessary passing current was recorded. 
TEER was calculated and presented as a 
percentage of the TEER value at the end of 
the equilibration period for each tissue. 
Scanning and transmission electron 
microscopy (SEM and TEM) 
At the end of the treatment and the 
regeneration period, the tissue was removed 
from the insert of the diffusion chambers. For 
SEM, the tissue was fixed in a mixture of 2% 
paraformaldehyde and 2% glutaraldehyde 
(4ºC, 3-4 h). Afterwards, the tissue samples 
were postfixed in 1% osmium tetroxide, 
critical point dried, sputter-coated with gold 
and examined at 15 kV with a VEGA 3 
microscope (Tescan Orsay Holding). For 
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TEM, the tissue was fixed in a mixture of 4% 
paraformaldehyde and 2% glutaraldehyde 
(4ºC, 4 h). After post-fixation with 1% 
osmium tetroxide and dehydration in ethanol 
series, epon ultrathin sections (50 nm) were 
obtained. They were further contrasted with 
uranyl acetate and lead citrate and examined 
with a Jeol 100 CX microscope (Jeol). 
 
RESULTS AND DISCUSSION 

When the urothelium was treated with 
targesin, TEER values unexpectedly 
increased, despite the exfoliation observed by 
microscopy analysis. The exfoliation was not 
homogenous and the regeneration process 
was slow.  
During the treatment with mitomycin C, 
TEER value decreased by 25-35%. 
Exfoliation of the urothelium was not as 
homogenous as desired, although the 
recovery of the blood-urine barrier was fast.  
Chitosan was found to be the most promising 
exfoliating inducer. However, its 
effectiveness and the rate of regeneration 
after the induced injury were time and 
concentration dependent. Exfoliation induced 
by 0.5% chitosan was too extensive, 
regardless the duration of treatment. Namely, 
even basal cells were exposed on the 
urothelial surface. During the treatment 
period, TEER value was reduced by 80-90% 
and did not return to the control values till the 
end of the regeneration period, except in the 
case of 15-min treatment. When the 
urothelium was treated with 0.05% chitosan, 
TEER value was reduced by 70-85%, but it 
returned to the control values during the 
regeneration phase. The rate of urothelial 
functional recovery increased with shorter 
treatment period (Fig. 1). 15-min treatment 
with 0.05% chitosan resulted in only local 
exfoliation. After 30 min, urothelium was 
homogenously exfoliated (Fig. 2) and its 
subsequent regeneration was fast. 60-min 
treatment resulted in the intense exfoliation of 
deeper urothelial cell layers, leading into 
undesired hyperplastic urothelium during the 
regeneration period.  
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Fig. 1: An average relative TEER of urinary bladder wall during 
15-, 30- or 60-min treatment with 0.05% chitosan (CHIT) 
(shaded line markers) and during the regeneration period; n=3-
4. 

 

 
 
Fig. 2: Extensively exfoliated surface of the urothelium after 30-
min treatment with 0.05% chitosan; SEM, mag: x 1000. 

 
CONCLUSIONS 

30-min treatment of the urothelium with 
0.05% chitosan resulted in homogenous 
exfoliation and fast functional and structural 
urothelial regeneration after induced injury. 
This combination could be used as an 
auxiliary therapy of bacterial cystitis and 
superficial bladder cancer, thus replacing 
targesin and mitomycin C.  
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INTRODUCTION 

Granulation is an often applied process step to 
improve processability, flowability, 
compactability and content uniformity of the 
raw materials to be formulated into a final 
solid dosage form (e.g., granules) (1). 
In this study we investigated the possibility of 
in-line monitoring of temperature inside a 
fluid bed granulation chamber by using 
artificial neural network (ANN), which helps 
predict the temperature distribution and 
provides a better insight into the established 
conditions during the granulation process (2). 
 

MATERIALS AND METHODS 

Materials 
Lactose monohydrate (Biopharm Industry, 
Algeria) was used as a model filler with d50 = 

29.56 µm and an aqueous solution of 5% w/w 
of Povidone K30 (Prochima Sigma, Algeria) 
as a sprayed binder. 
Experiment 
Twelve experiments were carried out in a 
fluid bed granulator and all the operating 
conditions remained constant during trials. 
Two process parameters were varied for the 
experiments, the fluidizing air temperature in 
four levels (45, 55 and 65 ml/min) and the 
spraying rate in three levels (5, 10, 15 and 20 
ml/min), the spraying air pressure and batch 
size were kept constant at 2 bars and 200 g, 
respectively. 
Temperature measurements inside the fluid 
bed chamber were made with the use of nine 
thermocouples divided into three sets and 
fixed with vertical steel supports at 50, 130, 
210 mm from the distribution plate allowing a 
back and forth movement of the 
thermocouples inside the chamber from the 
centre axis to the walls (Fig. 1). 
 

 
 
Fig. 1: Installation for in-line monitoring of temperatures with 
thermocouples, data acquisition hardware and computer. 
 

The thermocouples were connected to a data 
acquisition hardware enabling the recording 
of temperature variation each second. The 
signals were displayed in a chart of 
temperature function of time and were 
analyzed in-line using the Pico program (Pico 
Technology, Germany). 
Data processing 
For the prediction of temperature profiles, we 
used the ANNs toolbox on MATLAB® 
(R2014a, MathWorks®). The architecture of 
the designed model was built in one input 
layer, one output layer and a number of 
hidden layers. The input layer contains four 
neurons (Inlet air temperature, spraying rate, 

PP52 



 

182 

position on the X axis, position on the Y 
axis), the output layer contains one neuron for 
the temperature measured by the 
thermocouples and the number of hidden 
layers was determined through iterations until 
reaching the lowest mean square error. 
 

RESULTS AND DISCUSSION 
For the developed model used in this study, 
436 data from temperature measurements 
were divided into three categories, the 
training, the validation and the test (Fig.2).  

 
Fig. 2: Regression curves for the training, validation and test of 
the developed ANN model. 
 

Using the feedforward backpropagation 
algorithm, the optimal architecture was 
selected for R(all)=0.996 and corresponded to 
two hidden layers with twelve neurons in 
each hidden layer. 
 

Characterization of the predicted 
temperature distribution 
The predicted temperature distributions are 
characterized by a defined yellow band that 
outlines the transition between low and high 
temperature zones. The shape of these bands 
is defined by the operating conditions as they 
determine the path of the granules circulating 
up and down inside the fluid bed chamber.  
The predicted temperature distributions and 
profile shapes correspond to the passage from 
a thermal zone to another and exhibit two 
main shapes, a bell and a funnel shape. A bell 
shape for high spraying rate and low inlet air 
temperature and a funnel shape for low 
spraying rate and high inlet air temperature.  
The selection of the appropriate temperature 
profile helps control the granulation process 

and predict the final quality attributes of the 
granules. 
 

 
Fig. 3: Temperature mapping of predicted values by the ANN 
toolbox in a fluidized bed (T = 65°C, QL = 10 ml/min, P = 2 bar, 
M = 200 g) 
 

Growth mechanism and temperature 
profiles 
The agglomeration occurs under the wetting 
phase of the granulation process. The size of 
the wetting zone determines the amount of 
particles available to bind and agglomerate 
and is dependent on the critical process 
parameters and will therefore influence the 
quality attributes of the granules.  
 

CONCLUSIONS 
The possibility of an in-line monitoring of 
temperature distribution profiles and 
prediction of granulation process was 
demonstrated.  
The acquisition of temperature data under 
PAT enabled the development of an ANN 
model for the prediction and making of 
temperature mappings. 
The characteristics of these temperature 
distributions were found to be influenced by 
the process parameters and hence determine 
the circulation patterns of particles during 
granulation and their final properties. 
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INTRODUCTION 

Fluid hot melt granulation (FHMG) is a novel 
process in which granules are produced by 
low-melting point binders with other 
excipients and drugs in a fluid bed of hot air 
(1).  
FHMG makes the process less consuming in 
terms of energy and time as well as improves 
the quality of the granules for the wetting and 
drying phases are eliminated (2). 
The aim of this research is to characterise the 
FHMG by thermal analysis and link the effect 
of the process parameters and material 
properties on the quality attributes of the final 
granules. 
 
MATERIALS AND METHODS 

Materials 
Alpha-lactose monohydrate was used as a 
model filler with a mean particle size of 
100.16 µm. Two grades of polyethylene 
glycol (PEG 2000 and PEG 6000) were used 
as meltable binders with a melt temperature of 
52 and 62°C, respectively. The PEG flakes 

were finely ground and sieved into different 
size fractions (63-125 µm, 125-250 µm, 250-
500 µm and 500-710 µm). 
 
Methods 
Fluidized bed melt granulation 
The PEG and lactose monohydrate were 
granulated in a Strea-1 (Niro Aeromatic, 
Bubendorf, Switzerland) fluid bed chamber. 
A batch size of 200 g was used. The materials 
were melted and fluidized in the preheated 
chamber for a period of 5 min and at constant 
air velocity of 2.5 m/s. the experiments are 
summarized in Tab.1. 
Granular characterization and analysis 
The size distribution (PSD) of granules was 
evaluated by Malvern Mastersizer 2000 
(Malvern Instr., Ltd., England). 
Tab. 1: Factors and process parameters of the granulation 
experiments 

Sample PEG grade 
PEG 

content 
(%) 

PEG size 
(µm) 

T 
(°C) 

S0 2000 10 125-250 60 

S1 2000 15 250-500 60 

S2 6000 10 65-125 70 

S3 6000 10 125-250 70 

S4 6000 15 125-250 70 

S5 6000 10 250-500 70 

S6 6000 10 500-710 70 

 

The morphology of the agglomerate was 
investigated by Scanning Electron 
Microscopy (SEM) (Hitachi 4700, Hitachi 
Ltd., Tokyo, Japan) and granules were 
deposited on double-adhesive carbon tape. 
Differential scanning calorimetry (DSC) 
analysis of raw materials and granules were 
performed with a Mettler-Toledo DSC 821e 
instrument. Curves were obtained at a heating 
rate of 10°C/min over a temperature range of 
25-500°C. 
Thermogravimetric analysis (TG) of the 
samples was carried out with a Mettler-
Toledo TGA/DSC1 (Mettler-Toledo GmbH, 
Switzerland). The instrument was coupled to 
a mass spectrometer (MS) for gas analysis. 
Several masses were analyzed and water and 
carbon dioxide investigated. 
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RESULTS AND DISCUSSION 

Effect of process variables on granulation 
It is evident that a significant fraction of 
lactose was not granulated and is attributed to 
the loss of powder particles from the surface 
of the granules during the solidification 
process, it is also noted that this amount was 
reduced with increased PEG content for a 
higher available wetted surface for 
nucleation. However, using a large binder 
particle size and high viscosity produces 
narrow size distribution for a decreased 
binder distribution onto the lactose particles 
and deformability, which results in more 
spherical granules (Fig 1.). 
 

 
 
Fig. 1: Particle size distribution of the granules. 
 

SEM images (Fig 2.) show that higher binder 
viscosity promotes nuclei with saturated pores 
as we can see a little higher density in the 
granule with PEG 6000. The way of 
granulation is changed with the increment of 
particle size, since the small sized PEG acts 
as conventional binder while the big sized one 
induces the immersion and layering of lactose 
particles into the melted PEG. 

 
 
Fig. 2: SEM micrograph of S4. 
 

DSC and TG/MS 
The DSC curve of PEG 600 (Fig 3.) exhibited 
a melting peak at 62°C. Lactose is 
characterized by three endotherm peaks 
(crystal water loss at 149°C, melting at 
228°C, followed by decomposition at 250°C), 
whose origin was confirmed by the TG and 
MS measurements. The decomposition of 
granules occurs in two stages between 300 
and 320°C and 390 and 410°C. The lactose 
decomposition is of lower intensity in case of 

granules with a higher binder particle size. 
This is also notable for the released gases as 
the peak of crystal water loss and 
decomposition decrease with a higher binder 
particle size. 
 

 
 
Fig. 3: DSC, TG and MS curves of S4, lactose and PEG 6000. 
 

 
 
Fig. 4: DSC, TG and MS curves of S2, S3, S5. 
 

The difference in the particle size of materials 
promotes the layering of lactose onto PEG 
particles. Hence trapped and immersed 
lactose particles in PEG cause a lower 
decomposition rate and higher melting 
intensity for a higher amount of lactose at the 
surface (Fig 4.). 
 

CONCLUSIONS 
FHMG is a promising technique allowing the 
control of agglomerate growth. The PSD span 
varied significantly with increase in viscosity 
and PEG particle size, indicating an important 
effect on the shape of the granules as the 
SEM analysis shows. Regarding TG and MS 
analysis, changes in water and carbon dioxide 
loss intensities were noticeable due to the 
different granule properties as a higher binder 
particle size shows lower evolved gases.  
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INTRODUCTION 

Solid lipid nanoparticles (SLN®) and 
nanostructured lipid carriers (NLC®) were 
invented as drug delivery systems about 25 
and 15 years ago, respectively (1). In 2014 
the third “smarter” generation of lipid 
nanoparticles with solid particle matrix was 
developed, possessing advantages compared 
to the first two generations (2).  
The marketing authorization of any medicinal 
product requires detailed data on their quality, 
safety and efficacy (3). There is abundant 
evidence on efficiency and quality of lipid 
nanoparticles, but far less data on their safety. 
Among the reasons for the limited data on the 
safety profile, is the concept behind the 
development of SLN and NLC, i.e. the use of 
well-known and generally recognized as safe 
lipids. Particles with a mean size well above 
100 nm (borderline for nanotoxicological 
risks) also limit their toxicity. While it 
appears justified to call lipid nanoparticles 

“nanosafe” carriers, there are however some 
contradicting results (4).  
In this work, we present data on the safety of 
SLN/NLC collected from scientific 
publications focused on dermal, ocular, oral, 
parenteral and pulmonary in vitro and in vivo 
studies. As dermal formulations are the most 
promising, and already reached the market in 
the form as cosmetic products, large amount 
of studies on the skin compatibility of dermal 
lipid nanoparticles was available. 
 

MATERIALS AND METHODS 

For the purpose of analysis, we collected 91 
publications published in the period of 
December 1st 2013 to March 1st 2016. The 
publications were identified by searching of 
keywords “lipid nanoparticles” or “solid lipid 
nanoparticles” or “nanostructured lipid 
carriers” and “in vitro” or “in vivo” or 
“toxicity” or “biocompatibility” or “skin 
compatibility”. In order to compare the 
published results, the information on cell 
lines, methods used, concentration range of 
SLN/NLC, duration of exposition of cells and 
the study outcome, together with basic 
information about the formulations that were 
tested (solid lipid, surfactant, particle size, 
surface charge) were collected. Outcomes of 
the studies are reported here as given by the 
authors, i.e. as % of viability at a particular 
concentration.  
 

RESULTS AND DISCUSSION 

It is widely accepted that toxicity depends on 
physicochemical parameters such as 
composition (type and concentration of the 
lipids and surfactant), particle size, charge, 
and subsequent physical stability of the 
formulation. SLN/NLC are generally 
considered as non-toxic at concentrations 
below 1 mg/ml of total lipids with few 
examples of formulations compatible with 
cells at even higher lipid concentrations. 
Smaller particles (< 100 nm) seem to be 
better tolerated by cells than larger (> 500 
nm) (Fig. 1). We assumed that the reason is 
aggregation and increased sedimentation of 
larger particles in cell cultures. 
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Selection of surfactant(s) is another crucial 
parameter for compatibility of SLN/NLC with 
cells in culture. Higher surfactant 
concentration, or a combination of 
surfactant/co-surfactant, is sometimes 
required to achieve desired particle size and 
optimal physical stability. However, as 
documented by the lowest viability values 
found in Fig. 2, the cells are more sensitive to 
combinations of surfactants. Furthermore, it 
was observed that formulations relying on 
stabilization with polysorbate 80 and 
poloxamer 188, two most frequently used 
surfactants in lipid nanoparticle dispersions, 
revealed good compatibility with cells in 
cultures. 
 

 
 
Fig. 1: Comparison of effect of SLN/NLC size on cell viability 
(particle size below 100nm () and particle size above  500nm 
(■))  
 

 
 
Fig. 2: Comparison of effect of SLN/NLC stabilized with single 
surfactant (legends) and a combination of surfactants 
(overlapping points) on cell viability after 24h exposition  

 
With respect to the surface charge, negatively 
charged particles are in general more 
preferable. However, as shown in Fig. 3, even 
particles with positive charge can be 
formulated in a manner that allows their use 
in cell culture in concentrations well above 
0.1 mg/ml.  
For oral, parenteral and pulmonary 
administration, we found limited reports on 
adverse effects in laboratory animals, in most 

cases assigned either to encapsulated drugs or 
inappropriate SLN/NLC dose used for the 
study. General observations obtained within 
an extensive research work confirmed the 
results of previous study (4) that dermal route 
is the safest for SLN/NLC administration. 
Moreover, we gathered evidence that lipid 
nanoparticles can be an interesting promising 
alternative to overcome the cutaneous adverse 
effects induced by active ingredients which 
was assigned to the controlled drug release 
from these carrier systems. 
 

 
 
Fig. 3: Influence of surface charge on cell viability at doses 
between 0.05 and 15 mg/ml solid lipids, as reported in the 
scientific literature. Negatively charged particles - ●, positively 
charged particles - ■  
 

CONCLUSIONS 
The results presented in this work provide 
evidence that the basic concept of SLN and 
NLC as “nanosafe” carriers is well 
documented for dermal, ocular and oral 
administration. This is largely due to 
excipients available for SLN and NLC 
formulation that are approved for dermal 
administration, a limited number also for oral 
administration, but not parenteral 
administration. 
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INTRODUCTION 
In the development process of the lipid 
nanoparticles (LN) as drug carrier systems 
drug-lipid miscibility is of paramount 
importance because it invariably influences 
the drug loading capacity, encapsulation 
efficiency, and subsequent usefulness of LN 
formulations that may be produced therefrom 
(1,2). Since, there are currently no 
standardized methods for quantitative 
determination of drug-lipid miscibility in the 
nanoparticle form it may be helpful to apply 
mathematical models that provide 
information about drug-lipid miscibility at the 
molecular level. In this study, we verified the 
feasibility of solubility prediction of two 
poorly soluble actives (curcumin and linalool) 
in the solid lipids using Hansen solubility 

parameters (HSP) and the correlation with 
experimental solubility screening. 
 

MATERIALS AND METHODS 

Materials 
Linalool and curcumin were purchased from 
Sigma Aldrich, Portugal. The solid lipids 
used during the experiments were: stearic 
acid (Acofarma, Spain), Imwitor® 491 and 
Imwitor® 900K (Sasol GmbH, Germany), 
Compritol® 888 ATO, Gelucire® 50/13 and 
Precirol® ATO 5 are products of  Gatefosseé, 
France. 

Methods 
Theoretical determination of drug  
solubility in the investigated lipids 
The partial HSP (δd, δp and δh) of actives and 
lipids were calculated in agreement with 
previously reported group contribution 
method by van Krevelen and Hoftyzer, using 
the values of partial molar disperse forces, 
polar forces and hydrogen bonding (Fd, Fp, 
Eh) and molar volume (Vm) of structural 
groups present in the compounds, reported in 
the literature (3). The absolute difference of 
HSP of potential lipid matrix materials and 
actives indicates the theoretical probability 
that two substances would mix and eventually 
dissolve in each other. The differences in 
HSP between actives and lipids were 
visualized as coordinates in a 3D diagram 
which allows a good illustration of the 
miscibility or solubility of compounds. 
According to the Hansen’s approach, the 
closer the HSP between two compounds are, 
the higher the solubility is. Moreover, radius 
of interaction (Ra) was calculated as: 
 

 

where δd1, δp1 and δh1 are partial HSP of 
actives and δd2, δp2 and δh2 are partial HSP of 
lipids.  
  

Experimental determination of drug 
solubility in the investigated lipids 
1% (w/w) curcumin and 10 % (w/w) linalool 

were mixed with each lipid and the mixtures 
were heated to 80˚C. The melts were 
observed macroscopically and absence of 
crystals, cloudiness or phase interface was 
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considered as a positive result, i.e. mutual 
miscibility or solubility. 
 

RESULTS AND DISCUSSION 
The results of the experimental determination 
of curcumin and linalool solubility in selected 
lipid excipients are listed in Tab. 1. Curcumin 
is practically insoluble in stearic acid, exhibits 
limited solubility in Imwitor® 491 and 
Precirol® ATO 5, and good solubility in 
Imwitor® 900K, Compritol® 888 ATO and 
Gelucire® 50/13 which formed clear and 
transparent melts. Attempts to solubilize 
higher amount of curcumin were not 
successful.  
 
Tab. 1: Screening of solubility of 1 % (w/w) curcumin and  
10 % (w/w) linalool in the selected solid lipids. Results: – not 
dissolved, (+), dissolved in heat, but recrystallized at room 
temperature, +, dissolved). 

Lipid 
Actives 

Curcumin Linalool 
L1 Stearic acid – (+) 
L2 Imwitor® 491 (+) (+) 
L3 Imwitor® 900K + + 
L4 Compritol®888 ATO (+) + 
L5 Gelucire® 50/13 + – 
L6 Precirol® ATO 5 (+) – 

 

Linalool mixed well with stearic acid, 
Imwitor® 491, Imwitor® 900K and Compritol® 
888 ATO but formed oily droplets on 
solidified stearic acid and Imwitor® 491 (Tab. 
1). Fig. 1 & 2 illustrate the differences 
between partial HSP of the actives and lipids.  
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Fig. 1: Differences in partial HSP (Δδd, Δδp, Δδh) between 
curcumin and lipids (C-L1to C-L6) 
 

For both actives, Imwitor® 900K (L3) was 
predicted as the most compatible lipid, since 
the closest HSP between actives and this lipid 
were observed.  
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Fig. 2: Differences in partial HSP (Δδd, Δδp, Δδh) between linalool 
and lipids (L-L1 to L-L6) 
 

Moreover, the smallest Ra values were 
obtained in this case (Fig. 3), meaning that 
both actives revealed the greatest affinity 
toward Imwitor® 900K (L3). 
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Fig. 3: Radius of interaction (Ra) between lipids (L1-L6) and 
curcumin (CL1-CL6) and linalool and lipids (LL1-LL6)   
 

CONCLUSIONS 

Experimental results confirmed the 
predictions obtained by HSP modelling. This 
approach may be especially useful for the 
formulation of actives with limited 
availability or high price. 
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INTRODUCTION 

Olopatadine hydrochloride (USP 39-NF 34) is 
a selective histamine H1 receptor-antagonist 
used as effective and well tolerated for the 
treatment of the ocular symptoms of allergic 
conjunctivitis or rhinoconjunctivitis (1). 
Hydrophilic polymers in ophthalmic products 
increase viscosity and exhibit mucoadhesive 
properties thus enable longer contact of active 
ingredient and the corneal surface, enhancing 
its bioavailability. Chitosan and 
hydroxypropyl guar gum, biocompatible and 
biodegradable polymers, have been used 
extensively in development of liquid and gel 
ophthalmic formulations, particularly due to 
their hydrophilic and mucoadhesive 
properties (2, 3). 

The purpose of this study was to formulate 
and evaluate olopatadine hydrochloride 
ophthalmic solutions containing medium 
molecular weight (MW) chitosan or 
hydroxypropyl guar gum as viscosity 
modifiers.  
  
MATERIALS AND METHODS 

Olopatadine hydrochloride (OLO) was 
obtained as a gift from Hemofarm (Serbia). 
Medium MW chitosan (MCH, 190–300 kDa) 
and hydroxypropyl guar gum (HP GG) were 
purchased from Sigma-Aldrich (USA). All 
other chemicals were of Ph. Eur. 8.0 grade.  
The polymer solutions were prepared by 
dispersing the required amount MCH in 
acetic acid solution (1 %, w/v). For 
preparation of HP GG solutions, the required 
amounts of polymer were dispersed in water. 
Aqueous solutions of OLO were added in to 
the polymeric solutions with continuous 
stirring followed by addition of other 
auxiliary substances. Compositions of the 
prepared formulations are listed in Table 1. 
The samples were evaluated for pH, 
osmolality and drug content. Rheological 
characterization (Rheolab MC 120, Paar 
Physica, Germany) was performed on fresh 
samples at 20 °C and at 34 °C (after addition 
of simulated tear fluid (STF, pH 7.4) in a ratio 
40:7). The testing methods were also 
performed on commercially available 
products Systane® Ultra Lubricant (SU) Eye 
Drops and Systane® Gel Drops (SGD) (Alcon 
Laboratories, Inc.) (both containing 
hydroxypropyl guar gum). 
 
Tab. 1: Compositions  of the tested formulations 
 
Composition 

(% w/v) 
Sample label 

F1 F2 F3 F4 
OLO 0.3 0.3 0.3 0.3 
MCH 0.5 1.0 - - 
HP GG - - 0.25 0.5 
NaCl q.s. q.s. q.s. q.s. 
Na2HPO4 0.5 0.5 0.5 0.5 
BAK 0.01 0.01 0.01 0.01 
Water, 
purified 

q.s. q.s. q.s. q.s. 

 
The content of OLO was analyzed by 
hydrophilic interaction liquid chromatography 
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INTRODUCTION 
The formulation of nanofibers and oral films 
is a current approach to the development of 
advanced drug delivery systems (1,2). The 
aim of the study were formulation and 
characterization of films and nanofibers with 
carvedilol (CV) as a model drug and PEO 
(polyethylene oxide) polymer. 
 

MATERIALS AND METHODS 
 

Preparation of nanofibers and films 
 

Two series of PEO solutions for 
electrospinning and solution casting were 
prepared with different solvents: one was the 
PEO in water; the second was the PEO in a 
ethanol/water  mixture (40/60, w/w).  First, a 
5% w% PEO solution was stirred for 12h by 
magnet mixing. The proper amounts of 
Carvedilol (5 w% or 10 w%  with respect to 
PEO) and Polysorbat 80 (1 w%) were  added 
and 24h mixing ensued. One part of the 
solutions was used for electrospinning 

(nanofibers) and the other was used for 
solution casting (film) (Table 1). The 
electrospinning process was set up as follows: 
a 20 ml plastic syringe with a 1 mm inner 
diameter metallic needle was set vertically 
with the syringe pump; the high-voltage 
power supply was set to the voltage of 28 kV. 
The distance from the needle tip and the 
collector was 15 cm. The grounded copper 
collector, of rectangular shape, overlaid with 
aluminum foil, was used for collecting 
nanofibers. Two collectors of different 
dimensions were used: 110x110 mm and 
340x340 mm. 
 

Caracterisation of formulation 
 

Carvedilol in the formulations was assayed in 
order to assess the amount of carvedilol 
retained in the nanofibers and the films. For 
evaluation of the dissolution rate of 
carvedilol, the rotating paddle apparatus was 
used (50 rpm, 900 ml, 0.1 M HCl, 
temperature 37 °C). The morphology of 
nanofibers was obtained using a Field 
Emission Scanning Electron Microscope 
(FESEM, TESCAN MIRA 3) with fracture 
surfaces sputtered with gold. 
 

Tab. 1: Composition and preparation conditions for formulation 
(SC- solution casting, ES- electrospinning). 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 

CV, with 
respect to  
PEO, % 

5 10 10 5 10 10 10 10 10 10 

Solvent I: 
Water 

+ +  + +   + + + 

Solvent II: 
Ethanol/ 
Water 

  +   + +    

Method SC SC SC ES ES ES ES ES ES ES 

Collector 
dimensions 
(mm) 

   110 110 110 110 340 340 340 

Flow rate  
(ml/h) 

   1 1 0.2 0.5 0.2 0.5 1 

 
RESULTS AND DISCUSSION 
Higher degree of encapsulation of carvedilol 
in fibers (86.32 to 98.4%)  was obtained when 
water was used as a solvent (Table 2). 
Mixture of ethanol and water did not achieve 
an adequate level of encapsulation (45.7 to 
47%) at electrospinning (Table II). Therefore, 
the mixture of these solvents is not suitable 
for this method. Significant increase of 
carvedilol release rate (76.34 to 92.32% for 
30 min) was obtained (Table 2).  
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INTRODUCTION 
Solid dispersions are molecular mixtures of 
poorly water-soluble drugs in hydrophilic carriers. 
Processing solid dispersions with poorly soluble 
drugs may increase their solubility, dissolution 
rate and permeability, and hence bioavailability 
(1-3). 
The aim of this study was evaluation of influence 
of process parameters and preparation methods of 
solid dispersions, on carbamazepine (CBZ) 
dissolution rate and permeability. 
 
MATERIALS AND METHODS 
Preparation of solid dispersions 
Solid dispersions were made using two methods: 
melting (M) and solvent casting (S). The melting 
method was performed in a Molder (Dynisco 
Laboratory Mixing Molder, USA), and the 
dissolving method in a vacuum evaporator (RV 
05 IKA, Staufen, Germany). Carbamazepine 
content was 20% or 40%, while the rest (up to 
100%) was a mixture of Soluplus® and the 
selected polymer (Kollidon®30 or 

Kollidon®VA64) in a 30:70 or 0:100 ratio. 
Sixteen formulations were prepared (Table 1). 
 

In vitro dissolution and PAMPA test 
Dissolution testing was performed in the rotating 
paddle apparatus (Erweka DT70, Germany, water, 
900 ml, 50 rpm, 37 °С). The PAMPA (parallel 
artificial membrane permeability assay) test was 
used to predict passive human gastrointestinal 
absorption of formulations. PAMPA test was 
done as desribed in our previous studies (2). 

 

RESULTS AND DISCUSSION 
Test results of the dissolution rate of CBZ from 
sixteen formulations are shown in Fig. 1. The 
percentage of dissoluted carbamazepine from 
solid dispersions ranged from 13.63% to 85.52% 
in 30 minutes. The formulation from which the 
highest carbamazepine dissolution rate was 
achieved (85.52% in 30 min) was the formulation 
obtained by the melting method with 20% of 
carbamazepine and 80% of Kollidon® 30 (F11). It 
was noted that the procedure of formulation of 
solid dispersions has the most influence on the 
CBZ dissolution rate, but that the type and ratio of 
the excipients also have significant effects. In all 
formulations obtained by the melting method, a 
higher carbamazepine dissolution rate was 
observed, compared to the pure CBZ, whereas 
with the formulations obtained by the dissolution 
method only three formulations had a higher 
dissolution rate. 

Tab. 1: Formulations of solid dispersions. Apparent permeability 
coefficients from evaluated formulations. 
 
 CBZ 

% 
Kollidon®

VA64,    
% 

Kollidon® 30 
% 

Soluplus® 
% 

Method Papp x 10-6 

(cm/s) 

F1 20 80   S 8.23  
F2 40 60   S 6.45  
F3 20  80  S 8.36  
F4 40  60  S 9.85  
F5 20 56  24 S 9.81  
F6 40 42  18 S 12.40  
F7 20  56 24 S 7.97  
F8 40  42 18 S 8.03  
F9 20 80   M 7.91  
F10 40 60   M 5.16  
F11 20  80  M 7.45  
F12 40  60  M 6.20  
F13 20 56  24 M 6.97  
F14 40 42  18 M 5.86  
F15 20  56 24 M 9.36  
F16 40  42 18 M 14.15  

 

From all solid dispersions obtained by the melting 
method a significantly higher CBZ dissolution 
rate was detected, compared to solid dispersions 
obtained by dissolution method, except the solid 
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INTRODUCTION 

Polysorbates are surfactants commonly used 
in food and pharmaceutical industry as 
solubilizers and emulsifiers (1,2). Since 
surfactant mixtures can show improved 
properties compared to the solutions 
composed of a single surface active 
compound (3-6), in this study, polysorbate 
surfactants (polysorbate 20, polysorbate 60, 
polysorbate 80 and polysorbate 85) were 
mixed with hydrophilic block copolymer, 
poloxamer 407. 
 
MATERIALS AND METHODS 

The critical micelle concentration values of 
binary polysorbate/poloxamer surfactant 
mixtures were determined by surface tension 
measurements, using a du Noüy ring method. 
Mole fraction of each polysorbate in the 
mixtures (α) varied from 0.1 to 0.9. In order 
to investigate properties of the mixed 
micelles, regular solution theory was 
employed. 
 
RESULTS AND DISCUSSION 

The critical micelle concentration (CMC) 
values were obtained from the plots of surface 
tension (γ) versus concentration of a 
surfactant or surfactant mixture, ln C (Fig. 1, 
2). Based on the CMC values, 
thermodynamic properties of the mixed 

micelles were calculated by employing the 
regular solution theory. 
The negative values of the interaction 
parameter, β, and excess Gibbs energy (GE) 
were noticed in all mixtures. This indicates 
that mixed micelles are more stable compared 
to the unicomponent aggregates. The absolute 
values of the β parameter and the GE of the 
mixed micelles increase in the following 
order: polysorbate 20 < polysorbate 85 < 
polysorbate 80 < polysorbate 60, i.e., the most 
negative values were noticed in polysorbate 
60 / poloxamer 407 mixtures. 
 
 

 
Fig. 1: Dependence of surface tension on polysorbate 20 
concentration 

 

 
Fig. 2: Dependence of surface tension on surfactant 
concentration of polysorbate 20/poloxamer 407 mixture (α=0.7) 
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CONCLUSIONS 

It can be concluded that polysorbates having 
longer and more saturated hydrophobic tail 
form more stable and compact micelles with 
the block copolymer. The presence of the 
sterically rigid double bond in the oleic acid 
side chain of polysorbate 80 probably makes 
the micelles more porous. This enables water 
molecules to penetrate deeper in the 
hydrophobic core and increases the 
hydrocarbon-water interface of the micelles, 
making them less stable than the micelles 
having polysorbate with the saturated 
homologues surfactant (polysorbate 60). 
Presence of three oleate moieties in the 
polysorbate 85 makes the mixed micelles 
even more rigid. This increases the 
hydrocarbon-water interface of the micelles 
and decreases their stability. 
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INTRODUCTION 

Improving precorneal retention is one of the 
main approaches to optimize topical 
ophthalmic delivery. The in situ gelling 
formulations, which undergo phase transition 
form liquid to semisolid gel upon exposure to 
physiological environment, seem to be a 
promising tool (1).  
The aim of this study was to develop 
improved topical ophthalmic formulation 
based on poloxamers P407 and P188, as 
thermoresponsive polymers, and chitosan, as 
a promoter of mucoadhesiveness and gel 
strength. The main goal was to minimize the 
total polymer content while retaining the 
advantageous rheological properties related to 
the formulation during the storage, prior to 
the use and upon the application to the eye 
surface. The formulation was developed using 
D-optimal statistical design taking into 
account the critical formulation attributes, the 
temperature of gelation and viscosity. 
 

MATERIALS AND METHODS 
 

Materials 
Poloxamers P407 (Kolliphor P407) and P188 
(Lutrol micro F68) were purchased from 
BASF SE, Germany. Chitosan hydrochloride 
salt (CS, Protasan UP CL 214) was obtained 
from NovaMatrix®, Norway. All other 
reagents were of analytical grade. 
 
Methods 
The poloxamer solutions were prepared using 
the cold method (2). In cases when CS was 
used, additional means of ultrasound were 
applied for 45 minutes to aid its dissolution. 
In order to determine the impact of 
concentration levels of P407, P188 and CS on 
the temperature of gelation (Tgel) and complex 
viscosity at 35°C (η*), statistical experimental 
design was applied. Statistical software 
JMP® (version 12.0.1, SAS Institute Inc., 
USA) was used for setting experimental 
designs, establishing the models, sequence 
generation and for the statistical analysis of 
the collected data. Tgel was determined by 
measuring the loss modulus (G’’) and the 
storage modulus (G’) in the temperature 
sweep rheological testing by using Rheometer 
Anton Paar Physica MCR 301 (Anton Paar 
GmbH, Austria) with parallel plate (PP50) 
measuring system and special temperature 
isolated hood. The value of η* was generated 
simultaneously in these temperature sweep 
measurements. The microstructure and 
viscoelastic behaviour of the selected 
preformulations were investigated by 
amplitude sweep and frequency sweep studies 
carried out in the biorelevant conditions 
(34°C and upon dilution with simulated tear 
fluid). Furthermore, gelling time was 
examined for selected preformulations. 
Rheometer with cone plate (CP50) measuring 
system was used for amplitude sweep, 
frequency sweep and gelling time tests. 
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RESULTS AND DISCUSSION 

Data obtained from the D-optimal 
experimental design were used to 
mathematically describe the effects of 
excipients and their interactions on Tgel and 
η*. Due to the complexity of relations 
between factors and responses, two different, 
separate models were established for Tgel and 
η*. Strong correlation (Rsqare=0.93) between 
the experimental and predicted data was 
achieved using the model established for Tgel 
(Fig. 1). Concentrations of all excipients were 
shown to have statistically significant effects 
(p<0.05) on the Tgel. These effects impact the 
temperature of gelation in the following 
order: P407 (negative effect) > P188 (positive 
effect) > CS (positive effect). Developed 
viscosity model also achieved strong 
correlation (Rsqare=0.97) between 
experimental and predicted logarithmic 
values of η* (Fig. 2). According to the 
obtained model, the most statistically 
significant effect (p<0.05) on the log10η* 
was related to the concentration of P188 
(negative effect), followed by the 
concentration of P407 (positive effect).  

 
 
Fig. 1: Experimental vs. predicted values of Tgel. 

 

 
Fig. 2: Experimental vs. predicted values of log10(η*). 

Based on the two established models, the 
leading preformulations with the lowest 
concentrations of P407, P188 and CS that 
ensured adequate Tgel and * were selected. 
The ability of selected preformulation on 
withstanding tear dilution is shown in Fig. 3. 
The gelation of all selected preformulations 
was instantaneous. 
 

 
 

Fig. 3: Amplitude sweeps of the lead preformulation (P407 
14.1%, P188 1.7% and CS 0.25%, w/w) before (blue) and after 
(red) dilution 50:7 with simulated tear fluid. 

 
CONCLUSIONS 

The mathematical modelling allowed the 
development of in situ gelling topical 
ophthalmic formulation with minimal total 
polymer content while retaining the 
advantageous rheological properties. The in 
situ gel mixture of P407/P188/CS showed a 
significant enhancement in gel strength in the 
biorelevant conditions. 
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INTRODUCTION 

Three dimensional printing (3DP) is a 
collective name for a group of rapid 
prototyping techniques. Many of them are in 
the field of interest of modern pharmaceutical 
technology. The dynamic development of 
these methods led to the introduction of the 
first 3D printed drug Spritam® into the 
market this year. One of the 3DP techniques 
with potential application in the 
orodispersible films preparation is Fused 
Deposition Modelling (FDM). The idea of 
this method is to applicate successive layers 
of fused material by the nozzle of the 3D 
printer. Thermoplastic polymers such as 
PVA, PLA, ABS etc. are commonly used as 
construction material in the form of filament 
of specified diameter (1).  
Aripiprazole is active pharmaceutical 
ingredient (API), practically insoluble in 
water, classified as a BCS Class II drug with 
an antipsychotic action. The application of the 
orodispersible dosage forms results in 
improved patient compliance which is 
especially important in the case of 
antipsychotic treatment (2). 
The aim of this study is to evaluate the 
possibility of aripiprazole incorporation into 
polymer matrix in the form of orodispersible 
film by 3D printing method. Furthermore, the 
effect of the API presence on mechanical 
properties and disintegration time of the 
ODFs was studied. 

MATERIALS AND METHODS 
 

Materials 
Aripiprazole (HyperChem, China) was used 
as a model drug substance, Polyvinyl alcohol 
- Poval 4-88 (Kuraray, Japan), and 
commercially available PVA filament 
(Barrus, Netherlands) were used to prepare 
ODF films. 
 

Drug loaded filament preparation 
Aripiprazole and PVA was mixed and 
moistened with ethanol. Afterwards the 
mixture was dried up at 70°C for 6h. Filament 
with aripiprazole was prepared with Noztek® 
Pro filament extruder (England) at 172°C . 
 

Preparation of printable films 
Films of 2 x 3 cm size were designed with 
Blender software, transferred to Voxelizer® 
and then printed with ZMorph 2.0 personal 
fabricator (Poland). Printing process was 
conducted for placebo films at 185°C and 10 
mm/s speed and in the case of films with API 
at 190°C and 5 mm/s speed. Films were 
conditioned for 3 days at 25°C and 60% RH.  
 

Properties of printed ODFs 
Mechanical properties were evaluated using 
the texture analyser (Shimadzu EZ-SX, 
Japan). Tensile strength was evaluated 
according to standard DIN EN ISO 527. 
Films were placed between the jaws of 
apparatus and extended with 50 mm/min 
speed. Elongation, tensile strength and 
Young’s modulus were measured. 
Micrometer screw (Mitutoyo, Japan) was 
used to determine film thickness. Water 
content determination was performed using 
volumetric Karl Fischer titration. 
 

Disintegration test 
Disintegration test was carried out in 
accordance to the specification of ODT (Ph. 
Eur. 8.0) with this difference that 6 cm2 films 
samples were placed into the holder clips (3 
g) and attached to the tubes of 
pharmacopoeial apparatus type A. 
Disintegration test was performed using 900 
mL of distilled water maintained at 37⁰C. 
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Disintegration time of films was recorded 
when the clips dropped down (3). 
 

Drug content  
Six randomly taken filament samples were 
accurately weighed and shaken with 25 mL of 
water at 70°C over 12h (Memmert WNB 22, 
Germany). After cooling, 50 mL of ethanol 
was added and shaken for another 4h in the 
room temperature. After dilution, drug 
concentration was assayed 
spectrophotometrically using a Shimadzu 
UV-1800 spectrophotometer (Japan) with a 
wavelength λ=255 nm. 
 

Dissolution properties 
Dissolution studies were performed in 
accordance to the FDA guidance for 
aripiprazole ODTs with a pharmacopeial 
apparatus II (Hanson Research SR8 Plus, 
USA) in 1000 mL of acetate buffer pH = 4,0 
at 37ºC. The paddle rotation speed was 75 
rpm. Samples were withdrawn at certain time 
intervals, filtered and analyzed 
spectrophotometrically. 
 

RESULTS AND DISCUSSION 

Placebo films were soft, flexible and durable 
what is confirmed by the parameters 
presented in the table 1. The films were 
characterized by reproducible thickness and 
mass, and short disintegration time. 
Tab. 1: Characteristics of 3D printed placebo films  

Parameter Value ± SD 
Thickness [μm] 174,88 ± 4,23 

Mass [mg] 93,87 ± 2,75 
Disintegration time [s] 27,50 ± 4,23 

Young’s modulus [MPa] 247,09 ± 24,31 
Tensile strength [MPa] 12,83 ± 2,28 

Elongation [%] 46,67 ± 11,02 
Water content [%] 2,52 ± 0,45 

Several aspects such as film mass and API 
content uniformity as well as the impact of 
API presence in the polymer matrix on 
disintegration time and mechanical properties 
should be considered during manufacturing of 
ODFs by 3D printing technique. 
Both placebo and the drug loaded films 
appeared to be homogenous upon visual 

inspection. Incorporation of the API has 
modified the film properties, causing 
disintegration time elongation up to 43 ± 1 s, 
however these values meet the requirements 
for ODFs.  The aripiprazole loaded ODFs 
weighed 91,12 ± 4,39 mg and the amount of 
drug in the films was found to be 0,55 ± 
0,08 mg/cm2. The ODFs exhibited a much 
faster dissolution rate of aripiprazole in 
comparison to the same drug.  As shown in 
the fig. 1 after 15 min over 95% of the API 
was released and after 1 h it was entirely 
dissolved.  
X-ray diffraction and polarized light 
microscopy will be performed to investigate 
the morphology state of the drug loaded 
ODFs.  

 
Fig. 1: Dissolution profiles of aripiprazole. 
 

 

CONCLUSIONS 

This study showed that fused deposition 
modelling is suitable 3D printing technique 
and could be used as alternative method for 
ODFs preparation, and is a promising strategy 
in the development of dosage forms. 
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INTRODUCTION 

Medicinal gases and gas mixtures are very 
specific products intended for the application 
in diagnostic procedures, therapeutic and 
prevention purposes. Their physical state and 
other characteristics are completely different 
comparing to the other medical products and 
medical devices available on the worldwide 
market. Therefore, they have either a status of 
medicines or medical devices in European 
countries regulated by the appropriate 
guidelines (WHO, EMA, EIGA, GMP or 
Directive 93/42/EEC). Medicinal gases, 
mostly classified as medicines in the Republic 
of Serbia, have the same status as the other 
medicines placed on our market. Regarding 
their physical state, specific production, 
unique packaging and specific way of use it is 
not possible to fulfil all the relevant 
requirements postulated by the current 
regulations. Hence, the current regulation is 
not fully applicable for this type of products. 
 
 

 

RESULTS AND DISCUSSION 

Contemporary regulatory guidance is not 
separating medicinal gasses and gas mixtures 
as a special group of products although the 
dissimilarities with other medical products 
and medical devices are obvious. 
Consequently, in order to avoid unnecessary 
procedures and provide right on time therapy 
to all patients, we face the different 
regulations concerning medicinal gases even 
among European countries. In the Republic of 
Serbia medicinal gases have the same, very 
complicated, regulatory status. It is worth 
noting that in European countries various 
models could be found in their national 
regulation. e.g. practical solutions or 
exceptions that make gases more accessible to 
patients.  
Therefore, due to a very unique nature of 
these products, it is absolutely essential to 
separate them as a specific group with its own 
particularities and adequate regulatory status. 
This would facilitate their availability on the 
market and enable application for many 
additional therapeutic indications. 
 
CONCLUSIONS 

Medicinal gases are product with many 
particularities that can be classified either as 
medicines or medical device depending on 
the national regulations in European 
countries. The situation is not consolidated 
even within the European Union. The 
situation is even more complicated with 
different regulation models as exceptions and 
practical solutions adopted for medicinal 
gases in different countries.  
If some of available models could be 
implemented in our national regulation, this 
group of products would be more available 
for doctors and patients. This also means that 
new medicinal gases and gas mixtures could 
be available on the market for new indications 
as alternative for the other therapeutic 
procedures or absolutely new procedures in 
the medical field. 
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INTRODUCTION 
Particle engineering of pharmaceutical 
substances is essential to tackle present 
challenges in formulation of solid dosage 
forms connected to their micromeritic and 
mechanical properties. These properties 
govern the performance of powders during a 
compression process and are key to attaining 
the tablets with desired properties. 
Granulation and spray drying are most 
commonly employed techniques in order to 
achieve particles with appropriate flowability 
and compression properties. Spherical 
crystallization is a suitable alternative to these 
techniques as during the crystallization 
process an agglomeration of primary particles 
takes place that leads to the formation of 
spherical agglomerates with adequate 
properties for direct compression (1). 
Occurrence of segregation in a tableting blend 
presents an issue in compression process as it 
can have an influence on content uniformity 
of API in a tablet and stability of the process 
itself.  
The aim of this study was to develop 
spherical agglomerates of α-lactose 
monohydrate, evaluate their physicochemical, 
mechanical properties and ability to prevent 
segregation of API in binary mixtures. 

Spherical agglomerates (SA) were compared 
to the most frequently used commercially 
accessible types of lactose for direct 
compression.   
 
MATERIALS AND METHODS 

Spherical crystallization of lactose 
50 g of α-lactose monohydrate (200 mesh) 
was dissolved in distilled water (220 ml) and 
the solution was added via peristaltic pump 
(4,7 mL/min) to 96 % ethanol (500 mL) 
which was maintained at 10 °C. Constant 
stirring was applied during whole 
crystallization (350 rpm) process. It continued 
for 30 minutes after the addition of lactose 
solution. Obtained SA were dried. SA were 
compared to spray dried (SD) α-lactose 
(Lactopress® SD 250, SuperTab® 11SD, 
SuperTab® 14SD, Flowlac®100), granulated 
α-lactose (Tablettose®70, Tablettose®80) 
and anhydrous lactose (Duralac® H; 
composed of 80% β- and 20% α-lactose). 
 
Particle characterization 
Particle morphology was observed with SEM. 
Particle size distribution was determined with 
laser diffraction (Mastersizer S, Malvern, 
Great Britain). Specific surface area was 
determined by physical adsorption of gas on 
the solids (TriStar 3000). Flowability of 
powders was evaluated by measuring flow 
time of tableting blends. Compressibility of 
tableting blend (99 % lactose; 0,5 % 
magnesium stearate and copovidone) on a 
bulk level was assessed by modified out-die 
Walker analysis (2), compactibility was 
determined with compactibility profile. 
Segregation propensity of API (carvedilol, 
sieved through 63 µm sieve) in binary 
mixtures with lactose was evaluated by 
simulating the transport of powder (e.g. from 
blender to hopper) by vertical flow through 
the funnel. Afterwards, relative standard 
deviation (RSD) of API content was 
determined in binary mixtures. 
 
RESULTS AND DISCUSSION 

Crystallization conditions (e.g. concentration 
of lactose in solution, agitation rate, 
temperature of crystallization system) were of 
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utmost importance in obtaining SA. With an 
addition of lactose solution to ethanol a 
highly porous SA were obtained, comprising 
prism like primary particles, which are 
radially connected outwards (Fig. 1).   

 
 
Fig. 1: SEM image of spherical agglomerates of lactose. 

 
Spherical agglomerates had the highest 
particle size, followed by agglomerated 
(Table 1) and spray dried types of lactose. 
Particle size of SA can be altered during 
crystallization by changing process 
parameters. Flow times of tableting blends 
made of spray dried and agglomerated types 
of lactose were shorter due to smoother 
surface, contrary to coarser morphology of 
SA, however flow properties are still 
satisfactory for direct compression. The 
longest flow time exhibited anhydrous 
lactose. Coarser morphology also results in 
higher specific surface of SA, which is 
desirable in compression process. 
According to the Walker coefficients, the 
most compressible were SA of lactose, 
followed by substantially less compressible 
spray dried types. Poorest compressibility 
displayed anhydrous type and both granulated 
types of lactose. Spherical agglomerates 
formed tablets with the highest tensile 
strength across whole compression range, 
thus were the most compactible (Fig. 2). A 
positive correlation between compressibility 
and compactibility was established. Enhanced 
compaction properties of SA of lactose are 
attributed to their larger specific surface area, 
higher intraparticle porosity and higher 
propensity to deformation (fragmentation) 
due to characteristic structure. Evaluation of 
API uniformity in binary mixtures showed 
that SA formed more homogeneous mixtures 

(RSD 2,6 %) compared to Tablettose® 70 (6,8 
%) and Flowlac®100 (6,4 %) indicating 
ability to prevent segregation due to 
mechanical interlocking of API into highly 
porous structure.   
Table 1: Comparison of SA of lactose to three commercially 
available types of lactose for direct compression. 

 SA Tablettos
e® 70 

SuperTab
® 14SD 

Duralac
® H 

Particle size 
(d

50
) µm 246  211  120  111 

Flow time/100g 
[s] 

8,8  4,4  3,2  15,5 

Specific surface 

[m
2

/g] 
1,66 1,17  0,57 0,61 

Walker 
coeff.[%]  

30,6 18,1 25,2 19,7 

Compactibility 
index (Cp) 

15,0 5,0 9,40 13,0 

 

 
Fig. 2: Compactibility profiles of evaluated types of lactose. 

 

CONCLUSIONS 

We successfully obtained highly porous SA 
of lactose in a spherical crystallization 
process. SA have higher specific surface area 
and porosity, furthermore exhibit higher 
compressibility and compactibility in 
comparison to commercially accessible types 
of lactose for direct compression. They 
prevent segregation in tableting blend due to 
their highly porous structure. 
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INTRODUCTION 
The aim of our work was to set up 
electrospraying as a novel microparticle 
engineering technology for preparation of 1-5 
μm particles. To achieve an efficacious and 
stable medicine, a careful selection of 
physical properties of drug substances and 
excipients is required for each type of dosage 
form. The size, distribution and shape of the 
particles can affect bulk properties, product 
performance, process-ability, stability and 
appearance of the end product. It is now 
generally recognized that poorly water 
soluble drugs represent a rate-limiting step in 
the dissolution and subsequent absorption 
process. Drug particle size also influences 
content uniformity in solid dosage forms 
particularly for low-dose formulations. Other 
dosage forms are also affected by particle 
size, including suspensions, inhalations and 
topical formulations.  
Among a number of techniques available for 
the formulation of defined micro- or 
nanosized particles is electrospraying which 
is rapidly emerging as a promising 
technology for electrohydrodynamic 
atomization of polymeric liquids with 
bioactive molecules (1). Solvent evaporation 
from droplets with narrow size distribution 
leads to particle formation with defined size 
distribution. 
The goal of the present study was to design, 
develop and optimize an electrospraying 

process for preparation of microparticles in 
the range of 1–5 μm with low size distribution 
where microparticles were comprised of pure 
clarithromycine (CLA) or its’ mixture with 
polyvinylpyrolidon (PVP). First a preliminary 
screening of suitable solvents and 
concentrations was achieved. The effect on 
morphology of microparticles was assessed. 
Then a solute-solvent system was chosen that 
was used in the following design of 
experiments where the importance of 
electrohydrodynamic process parameters on 
particle properties were investigated and 
process optimized with regard to desired 
particle properties. 
 

 

MATERIALS AND METHODS 
 

Materials 
Polyvinylpyrrolidone K25 (MW ≈ 24000 
g/mol) was donated by Lek d.d. (part of 
Sandoz-Novartis) while clarithromycine 
(CLA), acetone, dimethylformamide, 
ethylacetate, chloroform and tetrahydrofuran 
were purchased from Sigma Aldrich Chemie 
GmbH, Germany. All materials were of 
analytical grade or higher. 

Preparation of microparticles  
Microparticles of pure CLA in concentrations 
1.0 or 4.0 (wt/vol)% were prepared by 
dissolving the substance in one of the 
solvents. For loaded microparticles, CLA and 
PVP were dissolved in acetone. Different 
loaded microparticles with varied total 
concentration of both substances (0.5-4.0 
(wt/vol)%) and ratio of CLA to PVP (0, 25, 
33, 50, 67, 75 and 100% CLA) were 
prepared. Electrohydrodynamic process 
instrument FLUIDNATEK LE-100 
(Bioinicia, Spain) with air conditioning 
module was used to prepare microparticles. 
Electrospraying conditions were optimized 
for each solution separately to obtain suitable 
Taylor cone. The applied voltages were in the 
range of 8-20 kV range. Needles with internal 
diameters of 0.3 and 0,7 mm were used for 
delivering the solution at flow rates in the 
0.25 – 2.0 mL/h range. The inter-electrode 
distance was in the 10-20 cm range. Air 
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INTRODUCTION 

The uncertainty concept is considered to be a 
scientific basis for metrology. At the present 
time the concept of uncertainty is at the stage 
of introduction to the quality control of 
medicines. It should be noted, there are 
specific rules of standardization in pharmacy 
which are adopted at the international level. 
Therefore, the concept of uncertainty can be 
implemented only on the basis of those 
pharmaceutical rules of standardization. 
However, an analysis of which 
pharmaceutical rules are important for the 
implementation of the concept of uncertainty 
had not been conducted.  
In view of the aforesaid, the purpose of our 
work was to search for generally recognized 
standardization rules for pharmacy which 
have an impact on the implementation of the 
concept of uncertainty and to evaluate 
implications of introduction this concept to 
the decision on compliance of medicines. 
In this publication approaches to the 
establishment of the target expanded 
uncertainty for asymmetrical content limits of 
assay are not discussed. 
 

RESULTS AND DISCUSSION 

The result of our research showed that one of 
the specific approaches in pharmacy is the 
globally recognized principle: specification 
limits for an assay include an analytical 
variation. Such an approach is used by the 
European Pharmacopoeia (PhEur) and all 
national Pharmacopoeias which are members 
of PhEur (in particular, the Pharmacopoeia of 
Ukraine – PhUkr), the U.S. Pharmacopoeia 
(USP) and the WHO International 
Pharmacopoeia. 
In terms of the concept of uncertainty, this 
principle means that the target expanded 
uncertainty (UTarget) of an assay test result is 
included in specification limits, what should 
be taken into account by specialists while 
using the concept of uncertainty in making a 
decision on compliance of medicines.  
The use of the concept of uncertainty assumes 
control of the actual uncertainty of a 
measurement result (expanded uncertainty 
UFact). At that, UFact must be below a specified 
value UTarget. Besides, UTarget must be so small 
in comparison with the limit(s) that the risk of 
making a wrong decision on compliance is 
acceptable (1). Therefore, we carried out 
research on available approaches for 
establishing the value of UTarget in pharmacy. 
It was found that one of the approaches in 
substantiation of UTarget is to use the variation 
of results (UFact) which is in the 
manufacturer's laboratory. In particular, this 
way is described as recommended approach 
for finished products in the guideline by the 
OMCL Network (2). Nevertheless, this 
approach is subjective because, in the absence 
of impartial criteria, the variability in the 
manufacturer's laboratory may be both 
excessively small and unacceptably large, 
which makes it quite difficult to apply this 
approach to generic drugs, specifications for 
which are included in the Pharmacopoeia and 
those which were produced by different 
manufacturers. In this instance, UFact in the 
manufacturer's laboratory cannot be used as a 
reference value since it can vary considerably 
between laboratories. So the decision on 
compliance for the same generic drug can 
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depend on which manufacturer’s UTarget is 
used. 
A solution to this problem first was offered 
by PhEur which proposed the approach that is 
applicable to the assay of some substances 
(Tab. 1): UTarget = Upper – 100% (3). Then 
USP suggested the approach to the assay of 
some substances:  UTarget = 100 % – Lower 
(4), which is the same as the PhEur approach 
for symmetrical content limits. 
 
Tab. 1: Recommendations to the target expanded uncertainty for 
some pharmaceutical tests  
 
Test Recommendations  Status 
Assay (two-sided 
limits): 
Some substances 

UTarget = 100 % – Lower USP  

UTarget = Upper – 100 % РhEur, 

Finished drug 
products 

UTarget=0.32×(Upper-Lower)/2* PhUkr, 
USP  

Uniformity of 
dosage units, 
Dissolution 

 
UTarget = 3% 

 
PhUkr 

Related 
substances: 
Limit tests 
Quantitative tests 

 
 
UTarget = 16% 
UTarget = 5% 

 
 
PhUkr 

*Notes: Upper – the upper content limit, Lower – the lower content 
limit 

 
In their turn, PhUkr for the first time 
suggested the approach to UTarget for the assay 
of some finished drug products:  
UTarget=0.32×(Upper-Lower)/2 (5).  
Later a similar approach for the assay of some 
finished drug products was independently 
suggested by USP (4).  
Moreover, USP offered an approach to the 
calculation of UTarget for impurity tests based 
on the equation of Horwitz: the lower the 
concentration, the greater the uncertainty. But 
there is good reason to believe that the 
practical application of this approach causes 
difficulties because, depending on the matrix 
composition, nature of an analyte and method 
which was used for the measurement, UFact 
for a given concentration of an analyte can 
differ by an order of magnitude greater or 
more. So it can result in the possibility of 
baseless standardization of UTarget.  
Instead, PhUkr offered the requirement for 
UTarget for impurity tests, based on the level of 
confidence of 95% for making the correct 
decision: UTarget should equal 16% for limit 
tests and 5% – for quantitative tests (Tab. 1).  

Furthermore, based on the principle of 
confidence of 95%, PhUkr offered to set a 
requirement for UTarget for the Dissolution test 
for solid dosage forms as well as for the 
Uniformity of dosage units test: UTarget should 
equal 3%. 
PhUkr is the only Pharmacopoeia which has 
introduced requirements for UTarget directly 
into the Pharmacopoeial general chapter (5). 
 
CONCLUSIONS 

Thus, the specific pharmacopoeial approach, 
which was discussed above, appreciably 
influences on the application of the 
uncertainty concept to pharmacy. 
Consequently, it is important to establish the 
widely recognized UTarget so that all 
laboratories can rely on it.  
To demonstrate the correctness of the 
decision about the quality of medicines, 
manufacturers and official laboratories should 
use the recommendation for UTarget instead of 
UFact.  
The crucial issue for making a reliable 
decision on compliance of medicines is 
development and harmonization of UTarget 
values for tests, used in pharmacy. 
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INTRODUCTION 
Alkyl polyglucoside emulsifiers (APGs) 
attract considerable interest with respect to 
their favourable environmental profile and 
excellent dermatological properties (1). When 
working with APGs one has to be aware of 
the fact that the preparation process is crucial 
for the proper formation of lamellar phases, 
the structures that dominantly stabilize APG-
based emulsion systems (2). 
In order to investigate the influence of various 
factors on emulsions’ characteristics, a 
classical approach based on empirical “trial 
and error” concept is mainly used, but in this 
manner only the effect of one factor may be 
estimated. Correct use of experimental design 
enables different factors’ effects and their 
interactions to be investigated simultaneously, 
with minimal number of experiments (3). 
Thus, the aim of our work was to investigate 
the influence of different emulsifier types and 
preparation procedures and their interactions 
on emulsions physicochemical and sensory 
characteristics with the aid of full factorial 
design. 
 

MATERIALS AND METHODS  
Materials 
Four emulsions were prepared, according to 
the compositions given in Table 1. 
 

Methods 
DesignExpert® softver was applied for full 
factorial design in order to investigate the 
influence of two categorical factors (A-
emulsifier type and B-manufacturing 
procedure) on emulsions’ characteristic: 
electrical conductivity, pH value, rheological 
parameters (maximum viscosity and 
hysteresis area) and sensory attributes; 
integrity of shape, penetration force, 
compression force, difficulty of spreading.  
 
Tab. 1. Composition of samples 
Ingredient (INCI) name M202 ML 
ArachidylAlcohol&BehenylAlcohol& 
ArachidylGlucoside 

4,0 / 

C14-22 Alcohols&C12-20 Alkyl Glucoside / 4,0 

Cetearyl Alcohol&Cetearyl Glucoside 2,0 2,0 

Avocado Oil 3,0 3,0 

Octyldodecanol 3,0 3,0 

Cetyl palmitate 2,0 2,0 

Caprylic / Capric Triglyceride 6,0 6,0 

Purified water                                        to 100,0 100,0 

 

Investigated factors were varied at two levels: 
two emulsifiers (M202 - Arachidyl Alcohol & 
Behenyl Alcohol & Arachidyl Glucoside, and 
ML - C14-22 Alcohols & C12-20 Alkyl 
Glucoside) and two manufacturing 
procedures (Procedure 1 where rotor-stator 
homogenizer (E1) – marked with m in 
samples and Procedure 2 where mechanical 
propeller stirrer was used (E2) – marked with 
h in samples).  
 

RESULTS AND DISCUSSION  
Results of sensory evaluation (Figure 1) 
indicate that the emulsifier type, as well as the 
manufacturing procedure, has certain 
influence on sensory attributes.  

Fig. 1: Sensory study results 
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Both investigated factors (A-emulsifier type 
(M202 and ML) and B-manufacturing 
procedure – E1 and E2) were influencing 
integrity of shape and difficulty of spreading, 
whereas for penetration and compression 
force only choice of emulsifier had 
statistically significant influence. Equation 1 
showed that the integrity of shape increased 
with the use of mechanical stirrer (E1) as 
opposed to rotor-stator homogenizer (E2).  
Integrity of shape=+5,92-1,57A+0,68B  
(equation 1) 
Furthermore, the integrity of shape decreased 
with the use of emulsifier ML instead of 
emulsifier M202.  
Considering the emulsifier type, the same 
influence is observed for penetration and 
compression force (equations 2 and 3): 
Penetration force=+5,05-1,75A        (eq. 2) 
Compression force=+4,40-1,25A      (eq. 3) 
For difficulty of spreading interaction 
between both factors was observed (Figure 2).  

 

 
Fig. 2: Interactions between type of emulsifier and mixing 
procedure and their overall influence on difficulty of spreading  

 
Rheological parameters, maximal viscosity 
and hysteresis area were influenced by the 
choice of emulsifier in the same manner as 

sensory attributes; they decreased when 
emulsifier ML was used instead of M202. 
For maximal viscosity interactions between 
factors were confirmed. When emulsifier ML 
is used instead of M202 maximal viscosity 
decreases for samples prepared with 
procedure 1 and 2, but decrease is more 
pronounced when rotor-stator homogenizer is 
used. 
For electrical conductivity type of emulsifier 
and procedure have synergistic effect; 
precisely, when emulsifier M202 is used 
instead of ML and when rotor-stator 
homogenizer is used instead of mechanical 
stirrer, conductivity is increased. 
Emulsifier type influences pH values of 
samples, when emulsifier ML is used those 
values are higher compared to the pH values 
of samples based on emulsifier M202. 
 
CONCLUSIONS 

The general factorial design confirmed that 
the varied factors, emulsifier type and mixing 
procedure, influence some sensory attributes, 
rheological and physicochemical parameters. 
Influence of emulsifier is more dominant, and 
for certain rheological and sensory parameters 
(maximal viscosity and difficulty of 
spreading) interaction of both factors was 
shown. 
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INTRODUCTION 

In order to reach the market, cosmetic 
products should meet the requirements for 
long-term physical stability, safety and 
efficacy, as well as consumers’ preferences – 
mainly based on the sensorial characteristics 
(1, 2). On the other hand, it is not uncommon 
that some products, already present on the 
market, should be modified. Reasons for 
reformulating are numerous: product 
innovation and assortment expansion 
(addition of a new, attractive actives and raw 
materials), remediating existing problems 
(enhancing stability, improving the sensorial 
properties) or compliance with legislation 
(restriction of certain substances, claims 
support). However, reformulation, especially 
reformulation of the emulsion systems, is 
process associated with different problems: a 
single component of the composition can 
influence the complexity of the reformulation 

approach - every change in the formulation, 
even a slightest one, can affect the systems’ 
stability, colloidal structure and thus 
consumers’ perception of the product. So, 
manufacturers require objective, time and 
money-saving approach to preserve or to 
enhance the product performance during 
reformulation without having the consumer 
notice the difference, while also staying 
within prescribed legislation. 
The aim of our study was to screen the impact 
of several reformulation factors on the 
textural characteristics of creams, (some of 
them are linked with certain sensorial 
attributes), using the experimental design. 
 

MATERIALS AND METHODS 
 

Materials 
A natural emulsifier, hydroxystearyl alcohol 
and hydroxystearyl glucoside (Simulgreen™ 
18-2, Seppic, France) was used for samples’ 
preparation. Components of the cream 
samples’ oil phase were: caprylic/capric 
triglyceride (Levate, Italy), prunus amygdalus 
dulcis (Sweet Almond) seed oil, isopropyl 
myristate (A&AFratelli Parodi, Italy) and 
mineral oil (RA.M. Oil S.p.A., Italy). Creams 
also contained tocopheryl acetate (BASF, 
Germany), glycerin (BASF, Germany) and 
xanthan gum (Gum Technology, Arizona). 
All samples were suitably preserved. 
 
Methods 
To study the impact of reformulation factors: 
the type of used stirrer - A (propeller, Ultra 
Turrax) cosmetic actives addition (0,4% Alp 
rose stem cells in liposomes - B (ARSC-
liposomes, PhytoCellTec™ Alp Rose, 
Mibelle AG Biochemistry, Switzerland) and 
1% or 6% of olive oil squalene - C, Olifeel® 
SQ, Amedeo Brasca & C. SRL, Italy), and 
their interactions on textural characteristics of 
creams (consistency, index of viscosity, 
firmness and cohesiveness) a general factorial 
experimental design with replicates was 
applied. 
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RESULTS AND DISCUSSION 

The generated factorial models for all 
monitored responses were found to be 
significant, indicating that not only factors 
alone, but also their interactions had 
significant effect on cream textural 
characteristics. Addition of ARSC-liposomes 
and squalene significantly affected all 
monitored responses, until the type of used 
stirrer significantly affected only firmness of 
samples (Fig 1, Tab. 1). Taking into account 
the existence of correlation between certain 
sensory attributes and textural parameters (1), 
results suggesting that addition of cosmetic 
actives (ARSC-liposomes and squalene) will 
have an impact on texture (sensory attribute 
during pick up phase) and slipperiness (rub in 
phase), until the type of used stirrer will affect 
only texture.  
 
 

 

 
 
 
Fig. 1: Interaction plots showing the effects of A and B on the 
firmness without squalene (a), at the low level of squalene (b), at 
the high level of squalene (c); the effects of A and C without 
STEM-liposomes (d), with STEM-liposomes (e); the effects of B 
and C with propeller as preparation method (f), with Ultra 
Turrax as preparation method (g). 

 

Additionally, their interactions will have a 
significant effect on all monitored textural 
characteristics of creams, thus on the 
mentioned sensorial attributes as well. 
 
Tab. 1: Analysis of variance test of the factorial models for the 
firmness 

 
Response Source SS DF MS F 

Value 
p Value 

Firmness Model 
A-
Preparation 
B-STEM-
Lipos 
C-Squalene 
AB 
AC 
BC 
Residual 
Corrected 
total 

864.90 
5.62 
35.05 
235.27 
244.45 
18.35 
289.27 
10.33 
875.24 

11 
1 
1 
2 
1 
2 
2 
12 
23 

78.63 
5.62 
35.05 
117.63 
244.45 
9.17 
144.64 
0.86 

91.30 
6.53 
40.70 
136.59 
283.84 
10.65 
167.94 

<0.0001* 
0.0252 
<0.0001* 
<0.0001* 
<0.0001* 
0.0022* 
<0.0001* 
 

SS, sum of squares; DF, degrees of freedom; MS, mean sum of 
squares;*Significant at p < 0.05. 

 
CONCLUSIONS 

General experimental design can give us 
valuable information regarding not only 
multiple factors alone, but also their 
interactions during reformulation process and 
as such it could be a first step towards 
optimization of the cosmetic products 
according to the requirements/expectations of 
consumers. 
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INTRODUCTION 

Dry emulsions are defined as a dispersion of 
an immiscible oil phase within a solid-phase 
matrix. The active ingredient, dissolved in an 
oily phase, is thus protected from oxidative 
degradation and light and the enhancement in 
the bioavailability of lipophilic drugs with 
poor absorption can also be achieved (1,2). 
Some of the instability problems, such as 
creaming, flocculation, coalescence, and 
phase separation, can also be avoided by 
preparing the emulsions in a form of 
kinetically frozen dry emulsions.  
Dry emulsions are usually obtained by 
removal of the aqueous phase of an original 
liquid emulsion by spray-drying, 
lyophilisation or solvent evaporation (1). 
The layering process based on fluid bed 
technology was employed in our study with 
an aim to prepare pellets with a neutral core 
and a layer of dry emulsion. The dry emulsion 
manufacturing, utilizing the fluid bed 
technology, offers several advantages over 
the usually selected spray drying method in 
terms of high process yields, process 
efficiency at intermediate scales, particles of 
defined size and shape with suitable flow 
properties and possibility of further film 
coating.   
The aim of presented work was to prepare 
pellets having high amount of lipid phase 
with a dissolved model drug Ibuprofen and to 

examine the properties of the reconstituted 
emulsion after exposing the coated pellets to 
purified water. 
 
MATERIALS AND METHODS 

Emulsion preparation 
Oil phase was prepared by dissolving the 
Ibuprofen in Miglyol 812 (Salol, Germany) in 
a concentration of 180 mg/ml during 15 
minutes stirring and heating at 37 C.  
Separately, the water phase was prepared by 
adding mannitol and Tween 20 to purified 
water during constant mixing at room 
temperature. After the complete dissolution of 
all the substances the oily phase was added 
and homogenized utilizing high shear 
homogenizer (Ultra-turrax T25, IKA-
Labortechnic, Germany) at 8000 RPM (5 
min) and additionally at 10000 RPM (3 min). 
To ensure a narrow droplet size distribution in 
the micron range the emulsion was 
additionally homogenized by employing high 
pressure homogenisation (APV-2000, USA) 
at the homogenising pressure of 20 MPa for 
the first stage and 2 MPa for the second stage. 
Emulsions with mannitol to oil phase to 
Tween 20 mass ratio of 2.5:1:0.06 were 
prepared. 

Pellet coating 
Emulsion was sprayed with a binary nozzle 
onto 200 g of neutral cores - Cellets 200 
(Harke Pharma GmbH, Germany) by utilizing 
a bottom spray fluid bed coater (GPCG-1, 
Glatt, Germany) with the Wurster insert.  
To ensure a thick coating layer and avoid 
exceeding the operating capacity of the 
coater, due to the large increase of particle 
bed volume, the successive stage coating 
process was utilized. Particles were coated in 
three stages. In each coating stage the 1800 g 
of prepared emulsion was sprayed onto 200 g 
of the starting cores. After each coating stage 
with the prepared emulsion, the additional 
layer of HPMC was applied to prevent the 
sticking of pellets during storage. The HPMC 
polymer dispersion consisted of 9.0% of 
hydroxypropyl methylcellulose (Pharmacoat 
606, Shin-Etsu Chemical Co. Ltd., Japan) and 
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INTRODUCTION 

Iontophoresis, a technique that involves an 
application of mild electric current, offers 
efficient means to overcome the formidable 
barrier properties of the skin and facilitate the 
transdermal delivery of ionized or polar drug 
molecules (1). Encapsulating the drug prior 
iontophoretic administration into nano-sized 
carriers could add additional control into drug 
transport and lead to reduced inter- and 
intrasubject variability. The objective of this 
study was to test a drug delivery system that 
combines drug-loaded liposomes and 
iontophoresis for the controlled transdermal 
delivery of hydrophilic model drug – 
diclofenac sodium (DS). 

MATERIALS AND METHODS 

Four different types of liposomes 
(conventional, pegylated, transfersomes and 
ethosomes) loaded with DS were prepared 
and characterized by encapsulation efficiency, 
phospholipid content, size, PDI and ζ-
potential. The electrochemical stability of 
nanoparticles was as evaluated as a change in 
hydrodynamic diameter and PDI after 8 h of 
iontophoretic treatment. Drug release was 
determined across regenerated cellulose 
membrane (MWCO=6-8 kD). In vitro 
permeation studies were performed in Franz 
diffusion cells at 37°C across full-thickness 
porcine skin. DS was iontophoresed from the 
cathode with either 100% constant current 
(DC) or 75%on/25% off pulsed current (PC; 
current density was 0.5 mA/cm2, frequency 
500 Hz).  
 
RESULTS AND DISCUSSION 

Prepared DS-loaded liposomes (Tab. 1) 
showed no changes in colloidal stability after 
8 h of iontophoretic treatment, either with 
constant or pulsed current. From all vesicular 
formulations, DS was released with similar 
rate, resulting in ≈50% of encapsulated drug 
released in 24 h. Transdermal in vitro fluxes 
across porcine skin from DS-loaded 
liposomes remained lower compared to 
respective DS solution. The use of 
transfersomes resulted in the highest passive 
flux, and ethosomes in combination with DC 
treatment the highest iontophoretic flux of DS 
among all liposomal formulations. The higher 
negative surface charge of the vesicular 
nanocarrier led to more efficient drug 
transport under cathodic iontophoresis. PC 
had no clear advantage over DC in 
combination with any liposome formulation 
and remained especially ineffective with 
liposomes with lower surface charge.  
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Tab. 1: Composition of prepared vesicles. 
 

Formulation Composition 

Conventional liposomes 
90 mM PC 
30 mM Chol 

Pegylated liposomes 
90 mM PC 
30 mM Chol 
2.5% (mol/mol%) DSPE-PEG2000 

Transfersomes 
 
120 mM PC 
15% (w/w%) Tween-80 

Ethosomes 
90 mM PC 
30 mM Chol 
20% (v/v%) ETOH 

PC – soya phosphatidylcholine (Emulmetik 930); Chol – cholesterol; 
DSPE-PEG2000 – 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-
N-methoxy-polyethylene glycol-2000 ammonium salt; DS – 
diclofenac sodium. 

 
CONCLUSIONS 

Drug-loaded liposomes can be successfully 
used in combination with iontophoresis for 
the controlled transdermal delivery of 
therapeutics. Iontophoretic drug transport 
from liposomes is significantly affected by 
the composition and charge of lipid bilayer. 
DC iontophoresis should be applied instead of 
PC iontophoresis in combination with drug-
loaded vesicular nanocarriers. 
 
REFERENCES 
1. Kalia YN, Naik A, Garrison J, Guy RH. Iontophoretic drug 

delivery. Adv. Drug. Deliv. Rev. 2004; 56(5): 619-58. 
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INTRODUCTION 
The fast inverted oil-in-water (o/w) 
emulsions, called SWOP (Switch-Oil-Phase) 
emulsions are prepared like o/w emulsions, 
but they invert into water-in-oil (w/o) 
emulsions during application, forming a 
lipophilic, water-resistance layer on the skin 
(1). Flavonoids are extensively used in 
cosmetics because of their many possible 
beneficial properties. The flavonoid 
dihydroquercetin (DHQ) has a similar 
chemical structure to quercetin and acts as an 
antioxidant similarly to α-tocopherol (2). 
Additionally, it is known that DHQ shows 
absorption activity over a wide range of 
ultraviolet spectrum (3), and its incorporation 
into SWOP emulsion could result in a new 
waterproof sun protection product. The aim of 
this study was to incorporate DHQ into 
SWOP emulsion and to investigate the 
influence of DHQ on a structure of SWOP 
emulsion and its flow behaviour.  
 

MATERIALS AND METHODS 

Compositions of the prepared samples are 
listed in Table 1. The samples were prepared 
using hot/hot emulsification procedure at 70 
°C (4). The stirring was performed by 
mechanical stirrer (Heidolph RZR 2020, 

Germany) at 500 – 2000 rpm until cooling to 
approximately 25 °C. In the sample SDHQ, 
alcoholic solution of DHQ was added in 
emulsion under 30 °C. 
The emulsions structure was investigated 
employing microscopic observation 
(Olympus System Microscope model BX50, 
Japan) and differential scanning calorimetry 
(DSC) (Mettler DSC 1, Mettler Toledo, 
Switzerland), while their flow behaviour was 
tested by using rheological (Rheometer 
Rheolab MC 120, Paar Physica, Germany) 
measurements. 
 
Table 1: Composition of the prepared emulsions 
Sample labels S/SPG SDHQ STPGc 

C
om

p
os

it
io

n
 (

IN
C

I)
 

P
h

as
e 

I 

Polyglyceryl-2-
Dipolyhydroxystearate 

4.0 4.0 4.0 

Cetearyl Alcohol 2.0 2.0 2.0 
Paraffinum liquidum 8.0 8.0 8.0 
Capriylic/Capric 
Triglyceride 

8.0 8.0 8.0 

Helianthus Annuus Seed 
Oil 

8.0 8.0 8.0 

P
h

as
e 

II
 

Glycerin 3.0 3.0 3.0 
Sodium Lauryl Glucoside 
Carboxylate, Lauryl 
Glucoside 

1.5 1.5 1.5 

Preservative* 0.5 0.5 0.5 
Sodium Polyacrylate 0.8 0.8 0.8 
Alcohol (96% v/v) - 10.0 - 
Propylene Glycol -/10.0 - 10.0 
Dihydroquercetin - 0.5 c§ 

Water (distilled) 
up to 
100.0 

up to 
100.0 

up to 
100.0 

*Phenoxyethanol, Methylparaben, Propylparaben, Ethylparaben, 
Butylparaben, Isobutylparaben 
§c – concentration of DHQ  (0.5% w/w or 1% w/w) 
 
RESULTS AND DISCUSSION 

The samples of SWOP emulsion with DHQ 
were observed microscopically after 24 h and 
30 days of storage at room temperature (Fig. 1).  
 
 
 
 
 
 
 
 
 
 

Fig. 1: Photomicrograph (400x) of SDHK0,5; a) 24 h and b) 30 days 
after storage; c) photomicrograph (800x) of STPG0,5 24 h after 
storage; d) photomicrograph (400x) of STPG0,5 30 days after 
storage. 

a) b) 

c) d)
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In the samples labelled as SDHQ, containing 
alcohol (96% v/v) as a solvent for DHQ, and 
STPG1 with propylene glycol and 1% w/w of 
DHQ, crystals of DHQ were observed after 
30 days, while in the sample STPG0.5, where 
propylene glycol was used as a solvent for 
DHQ, there were no observed crystals after 
30 days of storage. 
Obviously, selection of solvent and the 
concentration of DHQ have an influence on 
its crystallization in emulsion base/vehicle. 
Comparing DSC curves of the investigated 
samples with DSC curve of the SWOP 
emulsion S (Fig. 2), it could be noticed that 
the peak of STPG1 was broader and shifted 
toward lower temperatures, which could be 
explained by the presence of DHQ in higher 
concentration.  
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: DSC curves and enthalpies of investigated samples. 

 
In fact, DHQ is a flavonoid and consists of 5 
–OH groups which bind water molecules by 
weak hydrogen bonds. Consequently, the 
bound water fraction is not gelled by sodium 
polyacrylate and more easily evaporates at 
lower temperatures. The peaks of STPG0.5 were 
slightly shifted toward higher temperatures, 
and probably indicated good solubilisation of 
DHQ in propylene glycol. The DSC curve of 
SDHQ was broadened to the lower 
temperatures due to alcohol evaporation.  
DHQ had an influence on the flow behaviour 
of emulsion reducing the viscosity and 
leading to almost complete loss of thixotropy 
after 1-year storage at room temperature (Fig. 
3). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Fig. 3: Rheograms of a) SPG and STPG0.5 and b) SPG and STPG01, 
after 24 h, 30 days and 1-year storage at room temperature. 

 
These changes could be explained by 
decreasing of DHQ content due to its 
oxidation. 
 

CONCLUSIONS 

DHQ has a good potential to become 
common cosmetic ingredient due to its 
antioxidant and photoprotective properties.  
However, its influence on a structure and 
flow behaviour of inverted oil-in-water 
(SWOP) emulsions, alongside with its 
tendency toward oxidation and crystallization, 
are challenges for further 
investigations. 
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INTRODUCTION 
Percutaneous delivery of non-steroidal anti-
inflammatory drugs (NSAID) is a suitable 
alternative for overcoming the serious adverse 
effects associated with oral administration for 
the systemic treatment of musculoskeletal 
pain related conditions (1). Ibuprofen is an 
attractive NSAID candidate for percutaneous 
delivery due to low relative molecular mass 
(Mr 206.29 gmol-1), suitable partition 
coefficient (log P 3.68), and short elimination 
half-life (t1/2 2 - 4 h). It is usually applied 
topically in a therapeutical concentration of 
5% in a hydrogel base, however, 
percutaneous permeation from such 
conventional vehicles is limited by the 
protective function of skin (2). Alternatively, 
nanoencapsulation of NSAIDs in 
microemulsion hydrogels (MHs) is a novel 
strategy with potential to enhance permeation 
of ibuprofen (3, 4). The development of MHs 
requires to consider compatibility of a 
polymer with the drug substance and 
ingredients of a microemulsion. The aim of 

the present investigation was to formulate 
MHs based on chitosan, a biocompatible and 
bioadhesive polymer, and to characterize 
them as carriers for controlled percutaneous 
delivery of ibuprofen. 
 

MATERIALS AND METHODS 

Materials and preparation methods 
The microemulsion composed of 18.81% 
(w/w) Labrasol®, 28.22% (w/w) Solubilisant 
gamma®,    5.22% (w/w) and water, purifed, 
up to 100% (w/w) was prepared. Chitosan gel 
was prepared at 3% (w/w) concentration in 
dilute lactic acid solution 1% (w/w). The 
apropropriate amounts of ibuprofen, 
microemulsion and chitosan gel were mixed 
at 400 rpm with the overhead stirrer IKA RW 
20 digital (IKA®-Werke GmbH & Co. KG, 
Staufen, Germany), until the samples were 
homogenized. Ibuprofen was incorporated 
into the formulations at 5% (w/w) 
concentration. Concentration of chitosan in 
final samples ranged from 0.5% (w/w) to 
1.28% (w/w). 
 

Methods 
Characterization of MHs included: pH 
measurement (pH-meter HI 9321, Hanna 
Instruments Inc., USA), conductivity 
determination (conductometer CDM 230, 
Radiometer, Danmark) (at 94 Hz frequency 
and 20±0.5 °C), and determination of 
minimal and maximal apparent viscosity (ηmin 
and ηmax, respectively) by using rotational 
rheometer Rheolab MC120 (Paar Physica, 
Germany) equipped with a cup and plate 
measuring device MK22/MK24, at 20±0.1 
°C. Average droplet size was determined in 
diluted samples (1:10) using partical size 
analyzer ZetasizerNano ZS90 (Malvern 
Instruments, UK). Spreadability was 
determined by method recently described by 
Djekic et al. (2016) (3). Evaluation of in vitro 
ibuprofen release from investigated samples 
was performed at 32±1 °C in the rotating 
paddle apparatus (Erweka DT 70, Erweka, 
Germany) using Teflon enhancer cell with 4 
cm2 diffusion area (VanKel Technology 
Group, USA) covered with a cellulose 
membrane and dipped in 750 ml of the 
phosphate buffer pH 7.2, USP. The 
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concentration of the drug in the acceptor 
medium samples was determined UV 
spectrophotometrically (Carry 50, Varian, 
Germany) at 220 nm.  
 

RESULTS AND DISCUSSION 

The MHs were prepared at different chitosan 
concentrations. The pH values of samples 
with the lowest and the highest investigated 
polymer content (MHC1 and MHC2, 
respectively) were acceptable for topical 
application (Table 1). Their high conductivity 
(Table 1) indicated that water phase was 
continuous. Conductivity of the sample 
MHC2 was lower due to higher concentration 
of chitosan, namely due to higher viscosity of 
continuous phase, which limitted the 
diffusion of charge carriers. Average droplet 
size of the diluted MHs was 16.09 nm (PdI 
0.246) and 19.27 nm (PdI 0.291), 
respectively. This confirmed the preserved 
structure of an oil-in-water nanodispersions 
upon dilution of the investigated MHs. 
Maximal apparent viscosity of the MHs was 
4.26 Pa·s and 277 Pa·s, respectively, which 
suggested that polymer had formed a gel 
network within continuous phase which 
strength depended on polymer concentration.  
 
Tab. 1: Parameters of physicochemical characterisation of the 
investigated systems MHC1 and MHC2: pH, conductivity (σ), 
average droplet size (Z-ave ± SD, n=3), minimal (ηmin) and 
maximal apparent viscosity (ηmax) 

Sample pH σ 
(μS/cm) 

Z-ave  
± SD 
(nm) 

ηmin 

(Pa·s) 
ηmax 

(Pa·s) 

MHC1 5.25 51.53 16.09 
±0.07 

1.12 4.26 

MHC2 5.82 17.95 19.27 
±0.09 

4.14 277.0 

 

The spread diameter (Φ) of MHC2 was lower 
than for MHC1 (Fig. 1) and this was in 
accordance with the observed difference  
 

 
Fig. 1: Spread diameter (Φ±SD, n=3) of samples MHC1 (4.8±0.1 
cm) (left) and MHC2 (1.5±0.0 cm) (right) (red bars point the 
spreading area borders). 

in ηmax values. Ibuprofen release followed the 
zero order kinetics (R2>0.99) (Fig. 2) and was 
sustained for 12 hours with the diffusion rates 
of 224.75 μgh-1cm-2 (MHC1) and 187 μgh-

1cm-2 (MHC2). The results pointed that the 
concentration of polymer hadn’t significantly 
affected in vitro ibuprofen release kinetic. 
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Fig. 2: In vitro release profiles of ibuprofen from samples MHC1 
and MHC2. 
 

CONCLUSIONS 

The obtained results suggested that 
formulated chitosan-based MHs are 
perspective carriers for controlled 
percutaneous ibuprofen delivery which will 
be subject to further evaluation. Organoleptic 
and applicative characteristics of MHC1 
(comprising 0.5% of chitosan) were 
preferable for topical administration. 
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INTRODUCTION 
Valsartan (VAL) is drug with low solubility in 
lower pH region of GIT. Presence of absorption 
window for VAL in this region of GIT results 
in its poor oral bioavailability (~23%) (1). 
Therefore, the aim of this study was to improve 
dissolution rate of VAL in acidic conditions by 
formulating solid dispersions (SDs) with 
hydrophilic polymers. 
 

MATERIALS AND METHODS 

Materials 
VAL (Hemofarm AD, Vršac, Serbia) and the 
following polymeric excipients: Eudragit® E100 
(E100, Evonik, Darmstadt, Germany), 
Soluplus® (SOL) and polyvinylpyrrolidone K25 
(PVP K25, BASF, Ludwigshafen, Germany) 
were used for SDs preparation. Acetone and 
absolute ethanol (reagent grade) were used as 
solvent in SDs preparation. 
 

SDs preparation 
SDs were prepared with VAL and one of the 
polymeric excipients in VAL:polymer mass 
ratios 1:1, 1:2, 1:4 and 1:6. VAL and polymer 
were firstly dissolved in acetone (SDs with 
E100 and SOL), or absolute ethanol (SDs with 

PVP K25), following solvent removal in rotary 
evaporator. After further vacuum drying, mass 
was pulverized and sieved through sieve 355 
µm. 
 

SDs physicochemical and biopharmaceutical 
characterization  
SD samples were undergone to 
physicochemical characterization using FT-IR 
spectroscopy (Nicolet iS10, Thermo Scientific, 
Waltham, MA, USA) and powder X-ray 
diffraction-PXRD (Philips PW1050, Philips, 
Almelo, The Netherlands). Additionally, in 
vitro dissolution testing was performed using 
rotating paddle apparatus in order to evaluate 
the influence of polymeric excipients on VAL 
dissolution rate in 0.1 M HCl, where VAL 
alone exhibits very low dissolution rate. 
PAMPA assay was used to determine VAL 
permeability from 0.1 M HCl or pH=4.5 donor 
solution through artificial membrane (1% egg 
lecithin in n-dodecane on 96-well hydrophobic 
PVDF plate) into pH=7.4 acceptor solution, as 
an indicator of drug permeability through 
enterocyte membrane by passive diffusion.  
 

RESULTS AND DISCUSSION 
Shifting of VAL C=O amide peak from 1599 to 
1640 cm-1 was the only change observed on FT-
IR spectra of VAL:E100 SDs (Fig. 1a). Peak of 
the same group was also shifted to 1634-1659 
cm-1 on the spectra of VAL:SOL SDs 
(VAL:SOL ratios 1:4 and 1:6) and VAL:PVP 
K25 SDs (VAL:PVP K25 ratios 1:1 and 1:2) 
(Fig. 1b). These results indicate that amide C=O 
group of VAL may take part in VAL:polymer 
interactions, or dimerization between VAL 
molecules alone. Shifts of other VAL or 
polymer peaks have been neglected, since the 
same changes have been observed on the FT-IR 
spectra of physical mixtures (spectra not 
shown). PXRD patterns (Fig. 2) proved 
amorphous nature of VAL and polymeric 
excipients in both samples of raw materials and 
SDs. Obtained dissolution profiles show slow 
and incomplete VAL dissolution in 0.1 M HCl 
due to its acidic nature (pKa1=3.9, pKa2=4.73) 
(2) and low solubility at low pH. From the 
samples of powdered commercial tablets 
(Diovan® 80 mg), VAL also exhibits 
incomplete dissolution, with less than 50% of 
dissolved VAL after 3 h. Only SDs prepared 
with E100 (except VAL:E100=1:1 SD) result in 
fast and complete VAL dissolution. The slowest 
VAL dissolution was observed from SDs with 
SOL, with VAL dissolution rate similar to 
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Fig. 1: FT-IR spectra of raw materials and SD samples 

 

 
Fig. 2: PXRD patterns of raw materials and SD samples 
 

pure drug. Higher VAL permeability was observed 
from 0.1 M HCl donor solution, compared to 
pH=4.5 solution, due to presence of higher 
proportion of unionized VAL which exhibits 
better permeability through lipophilic 
membrane. All SDs with E100 improved VAL 
permeability from 0.1 M HCl solution. VAL 
permeability from pH=4.5 donor solution 
significantly decrease from SD samples, 
probably due to interactions between ionized 
carboxylic group of VAL and dimethylamino 
group of E100, which hinder VAL permeability 
through artificial membrane.    

 

 
Fig. 3: Dissolution profiles of pure VAL and VAL from SD 
samples and powdered commercial tablets 
 

Tab. 1: Apparent permeability coefficient of VAL (Papp x 10-6 

[cm/s]) from samples of pure VAL, VAL SDs and powdered 
commercial tablets from 0.1 M HCl and pH=4.5 donor solutions 

 Donor solution 
Sample 0.1 M HCl pH=4.5 
VAL 15.03±0.33 2.00±0.23 
VAL:E100=1:1 38.35±3.33 0.78±0.19 
VAL:E100=1:2 27.03±2.75 0.48±0.11 
VAL:E100=1:4 16.39±0.57 0.10±0.01 
VAL:E100=1:6 20.84±3.95 0.06±0.01 
Diovan® 80 mg 17.49±3.02 1.22±0.34 

 

 

CONCLUSIONS 
Significant improvement of VAL dissolution 
rate has been achieved by formulation SDs with 
E100. Furthermore SDs with E100 positively 
influences on VAL permeability through 
artificial membrane under low pH conditions. 
Both effects should contribute to improve oral 
bioavailability of VAL. 
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INTRODUCTION 
Complexation with cyclodextrins is one of the 
most successful approaches for improving 
solubility of poorly soluble drugs (1). Low 
complexation efficiency (i.e. large amount of 
cyclodextrin necessary to achieve desired 
improvement of drug solubility and dissolution 
rate) often hinders wider commercial 
application of cyclodextrins. Since in we have 
previosly proved that addition of Soluplus® and 
hydroxypropyl methylcellulose (HPMC) 
improved complexation efficiency of 
hydroxypropyl-β-cyclodextrin (HPBCD) for 
carbamazepine (CBZ) ~1.5 times (2), the aim of 
this study was to evaluate the potential of 
molecular modeling techniques for getting 
insight into interactions in CBZ-HPBCD-
HPMC system.  
 

MATERIALS AND METHODS 

Molecular docking simulations 
Molecular docking simulations were performed 
using AutoDock Vina software (3). HPBCD 
isomer with seven (2-hydroxy) propyl 
substituents, (four on the most reactive O6 
oxygens, and three on the next most reactive 
site, the O2 oxygen (4)) was used in the 
simulation. Initial geometries of all structures 

were optimized prior to simulation using 
AMMP force field module within VegaZZ 
software. Non-polar hydrogen atoms were 
merged, Kollman united-atom type charges, 
and solvation parameters were added with the 
aid of the AutoDock tools program. Binding 
constant (Kb) and interaction energy (divided 
into non-bonded and electrostatic components) 
and molecular lipophilicity potential interaction 
score (MLPIs) were used to evaluate CBZ-
HPBCD complex stability. 
 

Molecular dynamics simulation  
The five CBZ-HPBCD complexes, identified as 
the most stable in docking simulation were 
placed into an 80 Å simulation box (Packmol 
software), together with an HPMC oligomer, 
composed of 20 monomers. After heating to 
300 K and equilibration, simulation was 
performed during 2 ns using NAMD software. 
CHARMm intermolecular potential parameters 
in combination with Gasteiger atomic charges 
were used for calculations (5), while Particle-
Mesh Ewald (PME) method was used to 
calculate electrostatic interactions. Obtained 
trajectories were analyzed using VMD 
software.  
    

RESULTS AND DISCUSSION  
The most stable complexes, identified by 
docking simulation with the lowest Kb (Tab. 
1.), are presented in Fig. 1. It can be observed 
that in most of these complexes, hydrogen 
bonds formation occurs between CONH2 group 
of CBZ and OH group of hydroxypropyl side 
chain of HPBCD, with additional inclusion of 
lipophilic dibenzo-azepine ring into HPBCD 
cavity. Interaction energies, calculated by 
molecular dynamics simulation using 
CHARMm interaction potential parameters and 
Gasteiger point charges (Tab. 1.) gave 
somewhat different complex stability rank 
order. The lowest energy values indicate the 
highest stability of complex A, (as in docking 
simulation), which is followed by complexes C 
and F in the stability rank order. Positive values 
of MLPIs indicate prevalence of repulsive 
forces between CBZ and HPBCD. Orientation 
of carbonyl group of CBZ toward hydrophobic 
cavity of HPBCD can be explained by 
weakening of CBZ-water interactions which 
favors complex formation. 
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INTRODUCTION 

Designing a robust formulation and process 
can be challenging with high-dose poorly 
compactable drug substance such as 
Metformin hydrochloride. It has been 
reported that by using solvent granulation 
many processing challenges regarding 
granule flow or tablet compression problems 
can be avoided (1). This study further 
investigates the influence of different 
screening mills used for granulate processing 
on the resulting granulate and tablet 
properties. Systematic approach was applied 
in the form of experimental design which is 
proved to be very useful (2, 3). The goal was 
to increase the knowledge regarding 
formulation and process robustness and to 
help deciding on suitable equipment for 
processing of wet and dry granulate.  
 
MATERIALS AND METHODS 

Materials 
For the production of tablets Metformin 
hydrochloride, Hydroxypropylcellulose 
(HPC), Magnesium stearate, Ethanol and 
Isopropanol were used.  
 

Process description 
Manufacturing process for Metformin tablets 
produced in this study is presented in Fig. 1. 
For wet and dry granulate milling, two 
different types of screening mills were used 
according to 22 experimental design including 
two additional replicate experiments (Tab. 1). 
Tablet compression was performed using 
three different compression forces (15kN, 
25kN and 35kN). 

Characterisation of obtained granulates 
and tablets 
Following responses were analysed: granules 
size and density, Hausner ratio, loss on 
drying, tablet hardness, friability, 
disintegration, tablet weight variation, 
thickness.  
 

 
Fig. 1: Process flowchart 
 
 
Tab. 1: Experimental design 
 Screening mill for wet 

granulate 
Screening mill for dry 
granulate 

Exp 
No 

Code Real Code  Real 

1 -1 Rotating impeller 
(screen 6.4 mm) 

-1 Rotating impeller 
(screen 1.4 mm) 

2 +1 Oscillating bar 
(screen 2.0 mm) 

-1 Rotating impeller 
(screen 1.4 mm) 

3 -1 Rotating impeller 
(screen 6.4 mm) 

+1 Oscillating bar 
(screen 0.71 mm) 

4 +1 Oscillating bar 
(screen 2.0 mm) 

+1 Oscillating bar 
(screen 0.71 mm) 

5 +1 Oscillating bar 
(screen 2.0 mm) 

+1 Oscillating bar 
(screen 0.71 mm) 

6 +1 Oscillating bar 
(screen 2.0 mm) 

+1 Oscillating bar 
(screen 0.71 mm) 
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Data analysis 
Statistical analysis was based on linear 
regression models which were calculated with 
MODDE version 11 (Umetrics, Sweden).  
Comparison of tablet properties obtained with 
different compression forces was done by 
constructing graphs for disintegration, 
thickness, and hardness versus compression 
force. Tabletability profiles were constructed 
by presentation of tensile strength versus 
compaction pressure (4).  
 

RESULTS AND DISCUSSION 

Particle size of granules was dependent on 
type of screening mill used for milling of dry 
granulate, and not on the type of screening 
mill used for milling of wet granulate. Based 
on significance of obtained models for each 
fraction of granulate (sieving analysis for 
PSD), overall it could be concluded that with 
screening mill with oscillating bar granulate 
with larger particles could be expected (Fig. 
2).  

 
Fig. 2: Coefficients - model for granulate PSD>0.25 mm 
 

This might be due to difference in mechanical 
stress to which the granules are exposed 
during the milling process, which seems to be 
greater for the screening mill with rotating bar 
(5). All the results obtained for Hausner ratio 
(0.93-1.08) indicated that flowability of all 
obtained granulates could be characterized as 
excellent. This was also confirmed by low 
mass variation during tableting (RSD<1%) in 
all experiments. Based on consideration of 
significance of models for tablet hardness, 
additional analysis of hardness vs. 
compression force and tensile strength vs. 

compaction pressure graphs, it could be 
concluded that there was no significant 
difference in increase of hardness with the 
increase of compression force (Fig. 3). 
Observed differences were not relevant since 
the disintegration and friability were very 
similar for all the experiments (about 15 min 
and 0-0.11%, respectively). Appropriateness 
of selected process parameters was also 
confirmed by analysis of obtained results for 
tensile strength of tablets, as they were in 
range 1.1-2.2 MPa which should suffice in 
ensuring that a tablet is mechanically strong 
enough to withstand commercial manufacture 
(4).  
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Fig. 3: Tabletability profiles 
 
CONCLUSIONS  
This study proved to be useful as it provided 
additional knowledge regarding formulation 
and process development. Based on presented 
results, it could be concluded that both types 
of tested screening mills are suitable and 
could be considered for scale-up. Results also 
suggest that the formulation is quite robust. 
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INTRODUCTION 

Modeling of the drug behavior is an ongoing 
process that progresses from studies in small 
and homogenous groups in individuals to 
studies in wider patient populations until the 
pharmacokinetics of the drug can be 
characterized for the general population. An 
accurate estimation of the pharmacokinetic 
(PK) parameters requires frequent data 
sampling and concentration measurement in 
individual patients, however the introduction 
of nonlinear mixed effects models and 
estimation techniques has allowed sparse data 
to be analyzed. 
Therapeutic drug monitoring data from 
perspective of model development are often 
poorly informative about the model 
parameters because these type of data are 
provided routinely and usually are collected 
around one or two sampling time points. 
Therefore, when modeling data from routine 
monitoring with a complex pharmacokinetic 
model there may not be enough information 
to estimate all PK parameters. In this situation 
there are different approaches to aid data 
modeling and to stabilize the estimation. The 
approaches include simplification of the 
model or inclusion of external data from 
previous studies. The second approach is 
more interesting from the modeling viewpoint 
as more complex models with better 

predictive performance can be built. External 
information can be incorporated into the 
analysis by fixing parameters that are not 
likely to be estimated with accuracy to values 
obtained from earlier studies, by combining 
the earlier clinical data from intensive 
sampling with the current data set, and by 
incorporating prior information into the 
analysis by using either a non-Bayesian or a 
fully Bayesian technique (1, 2). Our objective 
was to use the Bayesian population modeling 
approach with informative priors for the 
analysis of therapeutic drug monitoring data 
for lamotrigine (LTG) and its main 
metabolite.  
 
METHODS 

LTG therapeutic drug monitoring data were 
collected from 100 patients with confirmed 
epilepsy at the Department of Neurology, 
University Medical Centre Ljubljana, 
Slovenia.  

Calculation of priors 
Pharmacokinetic studies of LTG were 
identified through Medline. Relevant PK 
parameter values were extracted from eleven 
studies and used for calculation of priors. The 
method used for determination of the 
informative priors was meta-analysis of the 
parameters by using a random effects model 
approach, taking into consideration 
heterogeneity of the studies (3). Normal-
inverse Wishart distribution for the fixed 
effects and interindividual variability was 
used. Additionally we evaluated the 
sensitivity of the model parameters to 
specification of the priors by variation of the 
prior mean and variance by -50% and +50% 
as well as the sensitivity to informativeness of 
the prior using more and less informative 
prior by changing standard errors to -50% and 
+50%.  

Model development 
Population pharmacokinetic analysis was 
performed by a nonlinear mixed effects 
modelling approach using NONMEM 
software (ver. 7.3, Icon Development 
Solutions, Ellicott City, MD, U.S.A.). Model 
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building steps and graphical presentations 
were managed using Perl-speaks-NONMEM 
(PsN)® and Xpose®. Pharmacokinetic 
analysis was performed in two steps. Initially, 
the structural model for the LTG 
concentrations data was defined. The model 
used was a one-compartment model with first 
order absorption and elimination 
(ADVAN2/TRANS2 PREDPP subroutine). 
The first-order conditional method with 
interaction (FOCE-I) was used for parameter 
estimation. Prior information from meta-
analysis was incorporated into the model 
using NONMEM prior functionality (3). 
Stepwise covariate modeling procedure was 
used to build the final model. The available 
continuous and categorical covariates were 
tested. In the second step the additional 
compartment was introduced for the data of 
the main LTG metabolite. The model 
adequacy was checked by standard diagnostic 
plots and evaluated by a bootstrap method. 
 
RESULTS AND DISCUSION  

The final population pharmacokinetic model 
consisted of a one-compartment model with 
first order absorption and elimination for 
LTG and additional compartment for the 
inactive metabolite. Since our 
pharmacokinetic study was based on sparse 
concentration measurements, the 
pharmacokinetic data did not allowed 
estimation of all model parameters. 
Therefore, we used prior information to 
stabilize the model using NONMEM prior 
functionality. With this approach the 
objective function based on the current data 
was augmented by a penalty term which is a 
representation of prior knowledge with 
regards to model parameters. The data for 
calculation of the informative priors for the 
one-compartment pharmacokinetic model 
parameters of LTG were extracted from 
eleven relevant studies. Compared to priors, 
the estimates of the typical values of Ka, V 
and CL obtained with the base model were 
1.96 vs. 1.54 h-1, 77.6 vs. 89.8 L and 2.32 vs. 
2.55 L/h, respectively. This indicated that our 
data were informative on the typical values of 

pharmacokinetic parameters. On the other 
hand, our estimates of the inter individual 
variability (IIV) of Ka and V were very 
similar to the priors used for the analysis, 
72.8% vs. 77.5% for Ka and 30.2% vs. 31.7% 
for V, while our estimate of the IIV on CL 
was considerably larger, 41.4% vs. 31.8%. 
This suggests either that the priors on IIV of 
Ka and V accurately described our data, or 
that our data contained very little information 
on IIV of these two parameters. Relative 
standard errors were less than 10% for all the 
estimated parameters, except for IIVKa 
(32.4%). Sensitivity analysis of the final 
model revealed minor effect of the prior 
uncertainty on parameter estimates. 
Additionally, usage of less or more 
informative priors on all structural and 
variability parameters of the model did not 
importantly influenced the covariate 
relationships (4). 
 
CONCLUSIONS 

Generally, compared to priors, our data were 
informative on CL, which was important from 
the modelling perspective as we were 
primarily interested in covariate relationships 
with CL. We showed that by using 
informative priors the PK parameters can be 
estimated for a relatively complex model.  
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INTRODUCTION 

The emulsion systems are in nature 
thermodynamically unstable, so it is 
necessary - at the initial design stage of the 
cream composition – to perform  evaluation 
of its long-term sustainability. There are  
numerous methods to assess varying degrees 
of stability in the formulation being studied. 
Most of them use a sophisticated and often 
very expensive equipment. Therefore, the use 
of centrifugal method may be an inexpensive 
and relatively simple alternative. The main 
problem of testing methods applied for 
emulsion assessment is their extreme 
diversity. There are no uniform procedures. 
The parameters thereof are generally selected 
empirically and mayvary widely, depending 
on the designer of the method [1-3]. A 
common laboratory centrifuge equipment is 
in most of laboratories easily accessible, and 
it is used in many laboratory procedures, e.g. 
for separation of blood cell components 
during counting, or in other tests that require 
component separation, using a centrifugal 
force which is reflected in its wide application 

[4]. The aim of the study was to determine the 
suitability of centrifugal method for 
assessment of emulsion systems – 
pharmaceutical creams. The proposed 
centrifugal method may enable quick, 
inexpensive and easy evaluation of the 
analysed formulations, and may confirm 
desired stability of the systems. It may be 
possible to quickly pre-judge the stability of a 
large number of potential configurations of 
emulsion systems. The choice of the 
emulsifier and its quantity is difficult to 
estimate at the design stage and, in practice 
only possible to do empirically. For this 
reason it is necessary to evaluate a method for 
rapid estimation of stability of the mentioned 
pharmaceutical systems. Analytical 
centrifuge, due to its simplicity and 
availability of equipment, seems to be 
extremely attractive for pharmaceutical 
technologist. In this research, the applicability 
of the centrifugal method, in combination 
with thermal method, and with real time 
observations using a light microscope as a 
tool for visual assessment,  were investigated. 
 
MATERIALS AND METHODSS 
 

Materials 
For the preparation of the investigated 
formulations following reagents were used: 
macrogol cetostearyl ether, cetyl alcohol, 
stearyl alcohol, liquid paraffin, white 
petrolatum, sorbitan stearate. 
 

Methods 
In the stability studies of model formulations 
the following methods were applied: (1) 
analysis of stability of the emulsion system in 
real time using light microscopy and software 
LCmicro, (2) examining the stability of the 
emulsion system in the course of exposure to 
elevated temperature - a method of 
temperature cycles, (3) the test of stability of 
the emulsion system in the course of exposure 
to low temperature - method temperature 
cycling, and (4) the centrifugal analysis using 
a centrifuge MPW 260R,  MPW Med. 
Instruments. 
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RESULTS AND DISCUSSION 

All three methods, used to evaluate the 
stability based on the measurement of the 
particle diameters of the inner phase, are 
compatible with each other and give similar 
results, and are well suited to assess the 
stability of a cream-type pharmaceutical 
emulsion systems. Nevertheless, they have a 
significant drawback in the form of a 
substantial effort needed to perform the 
analysis. Also the time, required for a single 
analysis of the preparation, is very high. In 
the case of observing a real-time evaluation of 
stability, the procedure lasted 49 days, with 
the use of 5-days temperature cycles for each 
test. Each measurement cycle of accelerated 
aging took about 4-5h for all the tested 
preparations, what with a large number of 
assessed formulation is extremely 
unfavorable. Also the time required to 
develop the results is significant and long in 
the case of the above methods. Analysis of 
the data obtained is extremely labor intensive. 
Not without significance is also the 
possibility of errors during measurement. In 
the case of studies carried out in the course of 
this work, diameter measurements were 
performed manually. Selection of particles for 
the measurement depends in this case on the 
quality of the product, as well as on the 
limitations of the measuring equipment. 
Otherwise, in the case of centrifugal 
evaluations, the maximum duration of the 
study was then no more than 2 hours. This is 
a considerable saving of time. The duration of 
time, needed to analyze the results obtained in 
the  centrifugal analysis, is very small, and 
the result are visible almost immediately. 
 

 

 

 

 

 

 

 

CONCLUSIONS 

Methods for testing the stability of systems 
using temperature cycles enable getting of 
reliable data on the stability of the system. 
Centrifugal method allows to significantly 
reduce working time, necessary to assess the 
stability. It is a quick, easily performed 
method, and gives reliable results. It may 
allow rejection of the least useful 
compositions in  designed formulations. 
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INTRODUCTION 

Dental caries is still one of the most prevalent 
diseases in human. Bacteria in dental plaque 
metabolize fermentable carbohydrates 
producing acids that dissolve the teeth leading 
to tooth decay. Although several self-
protective factors exist in saliva that can 
neutralize this effect, the protecting balance is 
shifted towards pathological enamel 
demineralization when the pH become as low 
as 5.5 (1). The development of caries can be 
arrested and potentially reversed if early 
intervention is undertaken (2). In order to 
prevent caries progression, immediate 
presence of caries-protective substances (e.g. 
fluoride or antibacterial substances) at the 
enamel surface would therefore be highly 
beneficial. Given this background, we 
propose the use of pH-sensitive liposomes as 
a new approach to improve the delivery of 
caries-inhibiting drugs. The release of such 
agents can be controlled by exploiting the pH 
change in the local environment to induce 
drug release at the enamel surface. The aim of 
this study was to find an optimal liposomal 
formulation in terms of pH-sensitivity and in 
vitro stability appropriate for use in caries 
prophylaxis. Carboxyfluorescein (CF) was 
used as a model substance to be entrapped 

inside the liposomes. Particle size, 
zetapotential and percent released CF were 
parameters used to characterize the 
liposomes.  
 
MATERIALS AND METHODS 
 

Materials 
DOPE and DPPP (Avanti Polar Lipids, USA) 
were used as main lipids stabilized by 30% or 
40% CHEMS (Sigma, St. Louis, USA). CF 
was used as the fluorescent marker and Triton 
X-100 was used to solubilize the liposomes 
(both from Sigma, St. Louis, USA).  
 

Methods 
CF-encapsulated liposomes were prepared via 
thin-film method, extruded through 200 nm, 
and gelfiltrated using PBS as elution medium. 
The pH-sensitivity of the formulations was 
evaluated by adding liposomes to buffers of 
pH 4.3, 5.2, 5.8, 6.7, 7.3 and to Triton X-100. 
The fluorescence of the samples was 
measured using a plate reader. At each pH 
value, CF calibration curves were prepared 
and the percentage of released CF was 
calculated using the formula: % Release = 
Cb/Ct * 100, where Cb is the CF concentration 
released at a particular pH value and Ct is the 
CF concentration after adding Triton X-100, 
i.e. maximum CF release. The in vitro 
stability of the CF-encapsulated liposomes at 
pH 7.3 was investigated for six weeks stored 
in the refrigerator. At certain time intervals, 
the samples were characterized by particle 
size using dynamic light scattering, 
zetapotential using microelectrophoresis, and 
percent leakage of entrapped CF by 
fluorescence measurements.  
 

RESULTS AND DISCUSSION 

No changes were observed for all four 
formulations at pH 6.7 and 7.3. At pH 5.2 - 
5.8, all liposomes destabilized and released 
entrapped CF. Representative results from 
two of the formulations are shown in Fig.1A 
and C. This was probably due to protonation 
of CHEMS (pKa 5.8) at low pH leading to 
membrane defects. Acid-induced drug 
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release, in particular at pH 5.5 where enamel 
demineralization occurs, was a desired 
property of the formulation in order to 
develop an improved delivery system for 
caries prophylaxis. After adding Triton X-
100, the samples were also incubated for 10 
min at 35°C to mimic oral conditions. The 
results showed that the release of CF was 
both time- and temperature independent at pH 
6.7 and 7.3 indicating good stability of 
liposomes in the “normal” conditions of the 
oral cavity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Amount of released CF and particle size of DOPE/40% 
CHEMS (A and B, respectively) and DPPE/40% CHEMS (C and 
D, respectively) liposomes as a function of pH. 

 
The CF release profile was different 
depending on the type of main lipid used in 
the formulation. DPPE formulations 
(saturated, gel phase lipid) exhibited a gradual 
release of CF, whereas the DOPE 
formulations (unsaturated, fluid phase lipid) 
exhibited a burst release at low pH. This 
observation may be explained by the 
difference in lipid chain saturation and 
membrane rigidity between the two main 
lipids that affect the membrane destabilization 
process. With regard to caries prevention, 
both of these properties may be desired 
depending on the type of drug that is 
entrapped; an immediate effect may be 
required for antibacterial agents, whereas a 
small, but sustained elevation of fluoride 
concentration have shown to be favorable to 
prevent caries development (3).  

At pH 5.2-5.8, a considerable increase in 
particle size was also observed for all 
formulations. Representative results from two 
of the formulations are shown in Fig.1B and 
D. Membrane destabilization and structural 
reorganization seem to induce the formation 
of new lipid particles. Fusion or aggregation 
of these structures (due to less repulsion) may 
explain the large size increase as observed.  
The in vitro stability study revealed that 
DOPE/40%CHEMS was the most stable pH-
sensitive formulation based on size and 
zetapotential measurements, and leakage 
profile. The DPPE formulations seemed to be 
slightly less stable than the DOPE 
formulations as larger structures (but in a very 
small percentage) started to appear on the size 
distribution data with time (0.4% in week 6 to 
1.1% in week 9), although no significant 
changes were observed in the other 
parameters. Longer storage time is probably 
needed to investigate the importance of this 
observation. 
 
CONCLUSION 

Depending on the caries-protective substance 
to be entrapped, both DPPE and DOPE 
stabilized with at least 30% CHEMS are 
appropriate as pH-sensitive liposomes for 
potential use in caries prophylaxis.  
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INTRODUCTION 

Adequate characterisation of drug 
polymorphism and crystallinity is an 
important step in early drug development. 
Second-order nonlinear optics is a relatively 
novel characterisation method that can be 
used to detect trace levels of crystallinity and 
differentiate between different polymorphs. 
Second harmonic generation (SHG) and sum 
frequency generation (SFG) are second-order 
nonlinear techniques in which the interaction 
of multiple photons with matter results in 
generation of light twice the incident 

frequency or sum of frequencies, respectively 
(1). These phenomena occur only in non-
centrosymmetric systems (in the absence of 
inversion symmetry) i.e. in most organic 
crystals, while amorphous materials do not 
generate the signal due to opposite phase 
cancellation, offering high selectivity to 
differentiating crystallinity from 
amorphousness (2). In coherent anti-Stokes 
Raman scattering (CARS), pump and Stokes 
photons interact and the pump laser is tuned 
so that the difference in energy of these two 
photons matches the frequency of a particular 
Raman active bond. The aim of this study was 
to investigate the potential of various SHG, 
SFG and CARS signals in differentiating and 
imaging amorphous and crystalline drug 
material, as well as different polymorphs, 
using indomethacin as a model drug.  
 

MATERIALS AND METHODS 

Gamma indomethacin (Orion, Finland) was 
used as received. The alpha polymorph was 
prepared from supersaturated solution of 
gamma indomethacin in ethanol at 80⁰C by 
addition of water as anti-solvent. The 
amorphous material was prepared by quench 
cooling the melt. A Leica TCS SP8 CARS 
microscope with a multiphoton laser light 
source was used for obtaining spectra and 
imaging. A 1064 nm laser was used in 
combination with the 880 nm tunable laser to 
allow generation of an SFG signal at 481 nm 
and SHG signals at 532 nm and 440 nm. The 
laser powers and detector gain settings 
differed among samples. Subsequently, 
CARS spectra were measured for the same 
samples.  
 
RESULTS AND DISCUSSION 

Preliminary data with indomethacin 
confirmed the high sensitivity of SHG/SFG to 
crystallinity/amorphousness. Both gamma 
and alpha indomethacin generated strong 
SHG/SFG signals whereas the freshly 
prepared amorphous material showed slight 
fluorescence with no sign of SHG/SFG 
signal. However the SHG/SFG signal cannot 
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differentiate between gamma and alpha 
polymorphic forms. CARS spectra can be 
used to differentiate between amorphous, 
gamma and alpha indomethacin.  

 
 

 
 
Fig. 1: a) SHG and SFG spectra; b) CARS spectra of gamma, 
alpha and amorphous indomethacin 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 

Second-order nonlinear optical imaging, in 
particular SHG and SFG, as non-destructive, 
rapid, sensitive and highly selective 
techniques are expected to be of a great value 
in detecting early stage crystal formation and 
different polymorphs in selected drug 
systems. Signal intensity and background 
interference still need to be carefully 
investigated and feasibility of the technique is 
both drug and solid state dependent. 
Combining SHG/SFG with CARS could 
provide both solid state and chemical 
selectivity. 
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INTRODUCTION 

Tablets are dosage forms most commonly 
made by compression of the same volumes of 
tableting mixtures. Pellets may be used to 
increase the content uniformity of tablets. 
That is important especially when preparing 
tablets containing low doses of highly active 
pharmaceutical substances. This study deals 
with the properties and the tablet preparation 
of two microcrystalline cellulose pellet types 
and compares them with the compressibility 
and properties of tablets made of two types of 
powder microcrystalline cellulose. 
 

MATERIALS AND METHODS  

Materials 
Two types of microcrystalline cellulose 
pellets (Cellets 100 and Cellets 200 by Harke 
Pharma, Germany) and two types of powder 
microcrystalline cellulose (Comprecel 102, 
MCC 102, Mingtai Chemical, Taiwan; Avicel 
PH-200, MCC 200, FMC Biopolymer, USA) 
with similar particle size were used. 

Methods 
The particle size of used materials was 
determined using Malwern Mastersizer. An 
electron scanning microscope TESCAN Lyra 
3 GMH was used for the observation of the 
particle shape and surface properties. To 
determinate the mass flow rate (m )  the flow 
tester Erweka GT with 100ml hopper and 
10mm nozzle was used. The bulk density (do) 
was determined using the Scott's Volumeter. 
Tapped density meter Erweka SVM was used 
for determination of Hausner ratio (HR). 
Tablets with the mass of 500 mg and 13 mm 
in diameter were prepared using the material 
testing machine Zwick/Roell T1 FRO 50. 
Tablets were produced with the compaction 
force of 10 kN for the evaluation of 
compaction process using the force-
displacement record and 40 kN for the 
compaction equation. Force-displacement 
method was used as described by Ragnarsson 
(1). The parameter Ep is proportional to 
energy used during precompression. The 
parameter Ei is energy used for bond creation 
and the parameter Ee describes the elastic 
energy of material. The used three 
exponential compaction equation (2) divides 
the compaction process into three 
simultaneously running phases. The first one 
describes the particle rearrangement, 
interparticulate friction and the friction 
between compressed material and die walls. 
The second phase characterizes the material 
elastic deformations and the third one 
describes plastic deformation of evaluated 
material. The equation has following form: 
 

Where V is the material volume (mm3) at the 
compaction pressure p (MPa), V0 is the 
volume (mm3) at zero pressure. The 
parameters ai describe the theoretical 
maximal volume reduction (d.u.) and the 
parameters 1/ti are related to speed of volume 
change (MPa-1) in particular phase of the 
compaction process. Finally, the parameter yo 
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defines the maximal theoretical volume 
reduction (d.u.) at the infinite compaction 
pressure. The parameters of compaction 
equation can also be used for calculation of 
the energy used in the particular phase of the 
compaction process Ei (J) according to the 
following equation where all symbols have 
the same meaning as those mentioned above. 
The tablet friability (f ) was evaluated using 

the Sotax FT-2 instrument. Hardness of 
tablets made using the compaction force of 
10 kN was determined using the same 
instrument used for their preparation and was 
expressed as radial strength () according to 
Fell and Newton (3). 

RESULTS AND DISCUSSION 

Due to the higher bulk density, the smoother 
surface and the narrower particle size 
distribution the better flow properties were 
found in pellets than in powder MCCs (Tab. 
1). 
Tab. 1: Bulk density, mass flow rate and Hausner ratio 

Material d0 (g/ml) m (g/s) HR (d.u.) 
MCC 102 0.32 (0.00) 1.9 (1.1) 1.53 (0.02) 
MCC 200 0.35 (0.00) 5.8 (0.2) 1.23 (0.01) 
Cellets 100 0.74 (0.01) 21.0 (0.2) 1.16 (0.02) 
Cellets 200 0.81 (0.01) 25.2 (0.2) 1.13 (0.02) 

 

 
The better flow properties of pellets also 
correlated with lower values of the force- 
displacement parameter Ep and compaction 
equation parameters a1 and E1 (Tab. 2). 
 
Tab. 2: Precompression characterizing parameters 

Material Ep (J) a1 (d.u.) E1 (J) 
MCC 102 21.8 (0.9) 0.28 (0.01) 0.18 (0.01) 
MCC 200 24.2 (0.5) 0.11 (0.00) 0.10 (0.01) 
Cellets 100 3.1 (0.2) 0.04 (0.01) 0.01 (0.00) 
Cellets 200 2.1 (0.2) 0.06 (0.01) 0.03 (0.01) 

 

 
The compressibility of material during 
compaction may be characterized using the 
E3 parameter derived from the compaction 
equation. This parameter describes the 
amount of energy consumed in the phase of 
plastic deformations. Significantly higher 
energy consumption was found in both types 
of pellets (Tab. 3). 
 

Tab. 3: Plastic deformation parameters and tensile strength 

Material E3 (J)  (MPa) f (%) 
MCC 102 58.3 (2.3) 3.03 (0.07) 0.21 
MCC 200 58.6 (1.1) 4.77 (0.15) 0.18 
Cellets 100 280.2 (37.6) 0.29 (0.01) 1.09 
Cellets 200 275.7 (71.4) 0.08 (0.03) 21.08 

 

 
On the other hand, many times lower radial 
strength was found for the tablets made of 
pellets than for the tablets made of powder 
MCCs (Tab. 3). The friability of tablets made 
of both pellet types was also insufficient. The 
limit value set by Pharmacopoeia was 
exceeded and some tablets also were broken 
during testing. This low radial strength and 
high friability may be caused by pellet 
fragmentation (4) that will be investigated in 
further studies. 

 
CONCLUSIONS 

Results of this work proved that both types of 
pellets have much better flow properties than 
powder MCCs. These better flow properties 
also affected precompression characterizing 
parameters of force displacement record and 
compaction equation. Lower energy 
consumption and volume reduction was found 
in pellets. In the phase of plastic deformations 
both types of pellets consumed more energy 
than powder MCCs. Due to many times lower 
radial strength and higher friability of tablets 
made of pellets significant fragmentation of 
the pellets during the compaction may be 
expected. None of the used pellet type is 
suitable as alone filler for the preparation of 
tablets due to significantly low tablet 
hardness and very high friability. Further 
studies will be done with the mixtures of 
pellets with powder MCCs. 
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INTRODUCTION 

According to the definition, prodrugs are bio-
reversible derivatives of drug molecules that 
undergo an enzymatic and/or chemical 
transformation to release the active parent 
drug that exerts the desired pharmacological 
effect. From among β-lactam antibiotics the 
following prodrugs were used in the 
treatment: ampicillin pivaloyloxymethyl 
hydrochloride (analog penam),  cefetamet 
pivoxil hydrochloride (analog of cephem), 
tebipenem pivoxyl (analog of penem). Ester 
derivatives of β-lactam antibiotics are more 
lipophilic and have higher bioavailability in 
contrast to acidic derivatives which have 

hydrophilic character (1). However, the 
chemical-physical properties (such as 
apparent solubility and permeability though 
biological membranes), significant from the 
point of view of β-lactam antibiotics’ 
pharmacological effectivity, can differ in the 
presence of excipients. Therefore, the aim of 
the study was to investigate the influence of 
various excipients on apparent solubility and 
permeability through artificial membranes for 
selected prodrugs of β-lactam antibiotics such 
as: ampicillin  pivaloyloxymethyl 
hydrochloride (AP), cefetamet pivoxil 
hydrochloride (CP) and tebipenem pivoxyl 
(TP). 
 
MATERIALS AND METHODS 

Materials 
Tebipenem pivoxyl (purity > 98%) was 
supplied by Pharmachem International Co., 
(China) while ampicillin  pivaloyloxymethyl 
hydrochloride, cefetamet pivoxil 
hydrochloride were synthesised in Institute of 
Biotechnology and Antibiotics in Warsaw 
(Poland). 
As excipients for the preparation of the binary 
systems of selected β-lactam antibiotics 
prodrug were used the following excipients: 
cyclodextrins, hydroxypropylmethylcellulose, 
Pluronic®, mannitol, magnesium stearate, 
lactose monohydrate,  polyvinylpyrrolidone.  
 

Dissolution studies 
Dissolution studies of AP, CP and TP in the 
systems with selected excipients were 
performed according to the European 
Pharmacopoeia by using an paddle Agilent 
708-DS Dissolution Apparatus (2). As the 
dissolution media the artificial gastric juice 
(pH 2.0) or phosphate buffer (pH 5.0, 6.2 and 
7.4) stimulating gastro-intestinal 
environmental in fasted and fed state were 
used The AP, CP and TP concentrations were 
measured by using UPLC/HPLC-DAD 
methods. The plots of c = f(t) in acceptor 
solutions for free AP, CP and TP and for AP, 
CP and TP in systems with selected 
excipients were determined. 
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INTRODUCTION 

Tebipenem pivoxyl is the first oral 
carbapenem recommended for the treatment 
of otolaryngologic and respiratory infections 
of pediatric patients (1). After an oral 
administration, tebipenem pivoxyl is absorbed 
by intestinal cells by the action of influx 
transporters such as PEPT, OATP1A2 and 
OATP2B1 (2). Tebipenem pivoxyl shows a 
broad spectrum of antibacterial activity, 
however its chemical instability, which can be 
inducted by presence of excipients, 
significantly limits its pharmacological 
application. A microbiological activity and 
chemical stability of tebipenem pivoxyl have 
not been reported in regards to its binary 
system with excipients. Therefore the aim of 
this work was to investigate the 
microbiological activity of tebipenem pivoxyl 

in binary systems with selected excipients and 
an influence of these excipients on chemical 
stability of tebipenem pivoxyl.  
 

MATERIALS AND METHODS 
 

Materials 
Tebipenem pivoxyl (purity > 98%) was 
supplied by Pharmachem International Co.  
(China). The following substances: mannitol, 
hydroxypropylmethylcellulose (HPMC), 
magnesium strearate, lactose monohydrate, 
polyvinylpyrrolidone (PVP) were used as 
excipients. 
The binary systems of tebipenem pivoxyl and 
selected excipient were prepared by kneading 
at the molar ratio 1 : 1.  
 

Microbiological activity  
The antibacterial activity of tebipenem 
pivoxyl in systems with selected excipients 
was studied against the following bacterial 
strains: K. pneumonia, E. aerogenes, S. 
aureus, S. typhimurium, E. faecalis, P. 
aeruginosa, E. hormaechei, P. mirabilis, L. 
monocytogenes, A. faecalis. The minimal 
concentration of drugs that inhibited strain 
growth was defined as MIC. The bacterial 
strains analyzed with MIC analysis assay 
included ATCC reference strains and clinical 
ones isolated by the Institute of Laboratory 
Medicine at Poznan, Poland.  
 
Compatibility studies  
The chemical stability of tebipenem pivoxyl 
was studied in the solid state in systems with 
selected excipients at increased relative air 
humidity in the range 60.5%–90% at 333 K. 
The same systems of tebipenem pivoxyl were 
studied in dry air (RH = 0%) in the range of 
temperature 90–120oC.  
Changes of tebipenem pivoxyl concentrations 
were determined by using the validated 
UHPLC-DAD method (3).  
 

RESULTS AND DISCUSSION 

The findings of microbiological studies, 
which were aimed at comparing the 
antibacterial activity of the tebipenem pivoxyl 
to its systems with excipients demonstrated 
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that all used excipients had a favorable effect 
on effectiveness against the majority of 
bacteria strains what was confirmed by MIC 
values (Fig. 1). The systems of tebipenem 
pivoxyl and used excipients exhibited 
significantly greater bactericidal potency 
towards K. pneumonia, E. aerogenes, S. 
typhimurium, E. faecalis, P. aeruginosa, E. 
hormaechei, P. mirabilis, L. monocytogenes 
than tebipenem pivoxyl. 
 

 
 
Fig, 1. MICs of bactericidal activity of tebipenem pivoxyl and its 
systems with excipients.  
 
The influence of temperature on stability of 
tebipenem pivoxyl in systems with excipients 
was studied in the solid state. The excipients 
did not influence on the mechanism of 
tebipenem pivoxyl degradation. The most 
stabilizing effect of excipients on tebipenem 
pivoxyl was observed at RH = 0% where 
polyvinylpyrrolidone and 
hydroxypropylmethylcellulose inhibited its 
degradation (Fig. 2.). 
 

  
 
Fig, 2. Chemical stability of tebipenem pivoxyl and its systems 
with excipients.  
 
While magnesium stearate and 
polyvinylpyrrolidone delayed the degradation 
of tebipenem pivoxyl the most strongly at 
increased relative humidity (RH >50%). 
 

CONCLUSIONS 

It was found that the formation of a 
tebipenem pivoxyl systems with excipients 
has a profoundly positive effect on the 
bactericidal activity and chemical stability of 
tebipenem pivoxyl. A particular advantage in 
the profile of antibacterial activity of the 
tebipenem pivoxyl is observed against K. 
pneumoniae and E. aerogenes. Higher 
differences of MIC values were noted when 
tebipenem pivoxyl was connected with 
mannitol, polyvinylpyrrolidone and lactose 
monohydrate. The enhanced chemical 
stability of that carbapenem analog is an 
important discovery for the development of 
novel pharmaceutical drug forms containing 
tebipenem pivoxyl. The protective influence 
of excipients also extends to the storage of 
tebipenem pivoxyl in the solid phase, 
especially at an increased relative air 
humidity for its systems with magnesium 
stearate and polyvinylpyrrolidone. While in 
dry air, protective effect for tebipenem 
pivoxyl was observed for its systems with 
polyvinylpyrrolidone  
and hydroxypropylmethylcellulose.  
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INTRODUCTION 

The Quality by Design (QbD) approach is a 
risk and knowledge based holistic and 
systematic way of the pharmaceutical 
developments (1). 
Risk assessment (RA) is the key of the QbD 
methodology and it results in ranked and 
prioritised quality influencing factors (2). 
This QbD and RA based theoretical 
prediction of critical elements can led to 
remarkable advantages (focused experimental 
design, optimised resources) furthermore can 
help in product and process improvement. 
The QbD methodology is highly 
recommended by the authorities in industrial 
production but it is also well applicable in the 
early development phase of pharmaceutical 
formulations (3).  
There are several IT solutions for performing 
QbD based RAs.  
After collecting all the relevant data from the 
scientific literature review and previous 
experiments, a software based RA and the 
theoretical prediction can help in the 
improvement of the experimental design in a 
simple and efficient manner. 

The aim of this presentation is to introduce 
how the QbD methodology and software 
supported RAs can be applied in the early 
pharmaceutical developments. This approach 
and the IT solutions could help especially by 
such special developments, like specially 
sensitive- or complex drug formulations. 
 
MATERIALS AND METHODS 
 

Materials 
A BCSII drug, with low solubility and high 
permeability was selected as model active 
pharmaceutical ingredient (API), in this 
theoretical study. 
 
Methods 
The LeanQbD® software (QbDWorks LLC, 
Fremont, CA, USA) was used as the proper 
technical tool to perform the RA. The steps of 
the QbD guided, RA based development are 
the follows: 
- Definition of the target product with desired 
quality characteristics, namely determination 
of the Quality Target Product Profile 
(QTPPs). 
- Identification of the critical quality 
attributes (CQAs) of the product and the 
critical process parameters (CPPs) of the 
selected production method, where CQAs 
have critical influence on final product 
quality and CPPs influence the CQAs and 
QTPPs critically. 
- Performing the interdependence rating 
among the QTPPs and CQAs, just as among 
the CQAs and CPPs on a three-level scale, as 
the interaction could be described as “high” 
(H), “medium” (M) or “low” (L). This 
dynamic interaction is presented on figures 
generated by the software. 
- Executing the probability rating step, where 
CPPs are estimated on a 0-10 level scale. 
Pareto charts generated as result present the 
numeric data and gives the possibility of 
ranking the CQAs and CPPs. 
 
 
 

PP82 



 

242 

RESULTS AND DISCUSSION 
The interdependence rating among the 
QTPPs, CQAs and CPPs made with the Lean 
QbD software are resulted in diagrams like 
Fig.1 presented below.  
The dynamism of such interactions can be 
well presented by this model. In this model 
study the CQAs and the CPPs are only 
potential elements of a theoretically planned 
BCSII drug containing pharmaceutical 
formula. 

Fig. 1: Model result table of an interdependence rating among 
selected CQAs and CPPs. 
 

Pareto charts generated by the software in the 
next step show the calculated numeric data 
and ranking of the influencing critical factors. 
Examples of this software made charts are 
presented in Fig. 2 and Fig. 3. 

 
Fig. 2: Model Pareto chart of CQAs with calculated numeric 
impact scores 

 
Fig. 3: Model Pareto chart of CPPs with calculated numeric 
impact scores 

The ranking of the CQAs and CPPs of a 
desired product according to the calculated 
impact scores helps in further design of the 
experiments (DoE). The most highly 
influencing quality attributes and process 
parameters have to be tested and monitored 
during the experimental development phase.  
 
CONCLUSIONS 

According to the QbD approach, the profound 
design is placed into the focus, and the 
pharmaceutical developments are performed 
by a systemic and holistic manner. QbD can 
be used from the early pharmaceutical 
development phase to the whole industrial 
process (Fig. 4). There is no limit by dosage 
form, or administration route and can be used 
even by sensitive- or complex drug 
formulations. 

 
Fig. 4: The steps of the QbD process and the elements of the 
early development phase 
 

The results of the RA helps in DoE and 
design space determination as well as in the 
setting up of the control strategy. This lead to 
a risk based, well focused, robust, time-, and 
cost-optimized development and production 
process in practice. 
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INTRODUCTION 

In spite of the considerable success achieved 
in drug delivery into and across the skin in the 
last few decades, characterization of topical 
drugs still remains a challenge (1). Although 
vertical diffusion cells (Franz cells) are 
commonly considered to be the most suitable 
for in vitro drug release and permeation 
studies (depending on the selected membrane) 
(2), immersion cells coupled with the 
conventional USP apparatus 2 are back in 
focus of pharmacopoeias and regulatory 
agencies. An added value of the method is the 
fact that it does not entail ethical and safety 
issues associated with biological membranes 
(3). 
This study aims to evaluate the ability of 
immersion cells method to register the impact 
of certain formulation changes on drug 
release profiles. A comparative assessment of 
liberation profiles and saturation 
concentrations of three model nonsteroidal 
anti-inflammatory drugs (NSAIDs) was 
performed from creams stabilized with alkyl 
polyglucoside (APG) emulsifier vs. 
traditionally used non-ionic one (Polysorbate 
60). 

MATERIALS AND METHODS 

Materials 
APG creams were stabilized with 8% w/w of 
Cetearyl Glucoside & Cetearyl Alcohol 
mixed emulsifier (Seppic, France), and 
alternatively loaded with isopropyl alcohol 
10% w/w (sample APGipa), 20% w/w 
propylene glycol (APGpg) or 20% w/w 
glycerol (APGgly). Due to its inherent 
content of glycerol (10% w/w), Nonionic 
hydrophilic cream (NHC; DAB2006) was 
only modified with the addition of 10% w/w 
isopropyl alcohol (NHCipa), and served as 
reference. Ketoprofen (2.5% w/w), 
diclofenac-diethylamine (D; 1.16% w/w) and 
diclofenac-sodium (DNa; 1% w/w) were 
selected as model drugs of different 
solubility, and suspended in the previously 
prepared bases. 
 

Methods 
In vitro release study was conducted using 
VanKel immersion cells placed in a mini 
version of the conventional USP Apparatus 2 
Paddle Method (Erweka DT 600, Germany). 
Drug release was monitored for 6 h in 300 ml 
of receptor medium (phosphate buffer (PBS) 
pH 7.4; USP). Donor and acceptor phases 
were separated by previously rehydrated 
cellulose acetate membrane. Constant 
temperature (32 ± 0.5°C) and paddle rotation 
(50 rpm) were maintained throughout the 
experiment. 
Obtained results were analyzed with one way 
ANOVA followed by Tukey test for multiple 
comparison between the sample groups at 5% 
significance level (p<0.05). Results were 
assessed simultaneously with those of 
saturation concentration and thermodynamic 
activity data provided by polarization 
microscopy. 
 
RESULTS AND DISCUSSION 

The performed release study with immersion 
cells managed to discern some differences 
among APG-based samples altered post hoc 
by adding one of the varied co-
solvents/potential penetration enhancers, 
while samples stabilized with traditional non-
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ionic emulsifiers showed nearly 
superimposed liberation profiles, irrespective 
of the model drug used. 
As the model drug with the poorest water 
solubility (0.051 mg/ml), ketoprofen showed 
only a trend of enhanced release in APG 
sample loaded with isopropyl alcohol, being 
the only co-solvent that managed to 
significantly alter its concentration of 
saturation (enhancement ratio of 3.04), and 
thus its thermodynamic activity (Fig. 1). 

 
Fig. 1: Comparative assessment of ketoprofen-loaded samples’ 
liberation profiles. 

 
The method appears to be more successful in 
differentiating samples with NSAIDs of better 
water solubility: D (50 mg/ml) and DNa (< 1 
mg/ml). Significant increase in D release was 
recorded for APG samples loaded with 
isopropyl alcohol (APGipa-D) and propylene 
glycol (APGpg-D), when compared to the 
reference sample, even if it was also enriched 
with 10% isopropyl alcohol (Fig. 2). 

 
Fig. 2: Liberation profiles of diclofenac-diethylamine-loaded 
samples. 

The most prominent difference was seen in 
case of DNa as the model drug, where a clear 
synergistic effect of distinct APG-mediated 
structures and the addition of isopropyl 
alcohol promoted drug release from sample 
APGipa-DNa (Fig. 3). Additionally, the drug 
solubility in PBS (6 mg/ml) probably acts as a 
potent sink, driving the drug away from its 
base, irrespective of its affinity to it. 

 
Fig. 3: Comparative representation of the selected DNa 
liberation profiles. 

 
CONCLUSIONS 

The immersion cell, recently officially 
recommended for drug release testing of 
semisolids is a valuable addition to their 
critical quality and performance attributes 
assessment. However, the obtained results 
need to be discussed simultaneously with 
those of drug’s thermodynamic activity and 
overall affinity to the applied delivery system. 
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INTRODUCTION 
The aim of our work was to develop novel 
foam formulation intended for psoriasis 
treatment. Psoriasis is a chronic, 
inflammatory, skin disease characterised by 
scaly, erythematous patches that are often 
itchy. Its severity can vary from small and 
localised form to full body coverage (1). 
Topical treatment is still one of the main 
ways of curing the psoriatic skin, usually 
containing anti-inflammatory, keratolytic and 
emollient active agents but their dermal 
bioavailability can be limited. One way to 
overcome this problem is with usage of 
penetration enhancers, such as surfactants that 
are also the main component of medicated 
foams. In general, foams are formulations, 
consisting of a large amount of gas dispersed 
in a liquid phase; in our case hydrophilic 
(O/W) emulsion foams were made. Besides 
increased penetration, foams have good 
spreadability and consequently, they are easy 
to apply to large, sensitive and inflamed skin 
surfaces, with no need for extensive rubbing 
(2). Due to the presence of large amount of 
surfactants they can contain water and oil 

phase simultaneously, which enables a 
formulator to incorporate hydrophilic and 
lipophilic active agents into one dosage form. 
In our case, sodium salicylate (hydrophilic), 
calcipotriene and tocopheryl acetate 
(hydrophobic) were incorporated. Salicylic 
acid is widely used in the treatment of 
psoriasis as a keratolytic agent (3). 
Calcipotriene is a vitamin D3 analog used 
because it inhibits cellular proliferation and 
stimulates cellular differentiation in 
keratinocytes (3). Tocopheryl transfers to the 
tocopherol, which acts as a lipophilic radical- 
scavenging antioxidant (4).  
Our aim was to develop foam formulation 
with incorporated salicylate, tocopheryl 
acetate and calcipotriene, still providing 
sufficient foaming properties and 
spreadability, which was proven with 
thorough rheology studies on produced 
foams. 
 

MATERIALS AND METHODS  

Foam formulation 
Components tested: water, miglyol, ceteareth 
20, cetyl alcohol, PEG-7glyceryl cocoate, 
cocamidopropyl betaine, glycerol, 
hydroxypropylmethyl cellulose (HPMC), 
sodium lauryl sulphate (SLS), sodium 
methylparaben, disodium laureth sulfo- 
succinate (DLS), dimethicone, allantoin, olive 
oil, ethanol, polyethylene glycol 400. 
 
Tab. 1: Active ingredients incorporated into foam formulations 
in different concentrations 

Active agents % w/w 

Sodium salicylate / 0.5-2 

salicylic acid  

Calcipotriene 0.005 

Tocoferyl acetate 0.5 
 

 

Methods 
Foams were made from emulsion using 
Airspray® foam pump line. They were 
characterized by macroscopic evaluation: 
foamability, viscous/runny, pore size. 
Relative foam density, foam liquid stability, 
foam volume stability, foam expansion and 
foam gas fraction were also measured and 
calculated as described in the literature (5). 
Rheology on foams was performed on a 
rheometer (Paar Physica MCR 301) using the 
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parallel plate geometry in oscillatory mode at 
room temperature. 
 

RESULTS AND DISCUSSION  

Formulation studies 
Various excipients were tested in 33 different 
foam compositions before the ending foam 
formulation was chosen. For example, ionic 
and non-ionic surfactants were used in 
varying proportions to find the optimum 
between good foaming properties and the 
acceptable quantity, due to their potential to 
irritate. Moreover, hydrophilic polymer, 
HPMC, was tested in various concentrations 
to increase the viscosity and provide stable 
bubbles. The active ingredients were 
incorporated into the optimal foam 
formulation. The combination of salicylic 
acid and sodium salicylate was adjusted to 
provide the pH of the product around 5.5. 
Their highest concentration that still provided 
foamable formulation was 2%. Both vitamins 
were easily dissolved in the oil phase and 
then dispersed in water phase with end 
concentrations usually used in products for 
topical psoriasis treatment. 

Foam characterization 
First point of differentiation was already the 
foaming itself, some formulations didn't foam 
at all. For those which did, the relative foam 
density was measured and was usually around 
0.1 regardless of the formulation. In average, 
foam volume expanded 8.5 times compared to 
the foaming emulsion and the average foam 
gas fraction was 88 (+/-2) %. The foam 
chosen for drug incorporation was foamable, 
viscous and with small and uniform bubble 
size. 

Rheology of foams 
Rheological measurements showed some 
differences between foamable formulations. 
The rheology of foams is debatable subject, 
due to the deformational breakage of foam 
during the measurement. To avoid that 
phenomenon the oscillatory mode was 
employed. The results of foam formulations 
with different SLS concentration are 
presented in Fig.1. The elastic modulus (G') 
was higher than the viscous one (G") for all 
three tested formulations until the flow point 
(crossover of the two lines). This means that 

all our formulations have elastic behaviour 
until the flow point, after which they have 
viscous properties that enable the application 
of the product. 
 

 
Fig. 1: Elastic (G) and viscous (G") moduli as a function of 
amplitude (y) measured at a constant frequency (1Hz) in foams 
with increasing SLS concentration. All other components of the 
formulation were in the same ratio. 
 

The increasing concentrations of SLS led to 
the higher values of both G' and G". This was 
macroscopically shown as smaller and more 
uniform foam bubbles, which also have 
greater stability. 
 

CONCLUSIONS 

Foams with incorporated salicylate, 
calcipotriene and tocopheryl acetate were 
prepared, and present a novel way of 
incorporating lipophilic and hydrophilic drugs 
for psoriasis treatment in just one 
formulation. The thorough rheology 
measurements were performed to investigate 
viscoelastic properties of foams and to select 
appropriate ingredients in adequate amount to 
obtain stable foams. 
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INTRODUCTION 

Development of effective in vitro model for 
prediction of blood brain barrier (BBB) 
penetration of drugs is nowadays widely 
investigated. BBB is selective barrier that 
eclipsed the brain and isolates it from the 
circulating blood. It represents a major barrier 
for drug permeation, especially those 
molecules that are highly hydrophilic, 
ionisable, contain more than 10 hydrophilic 
moieties, have low logP value and have 
molecular mass bigger than 400 Da. 
Distribution of drug in system octanol/water 
is in correlation with its lipophilicity and it 
optimal value ranges between 2.5 and 5 (1). 
Most of newly developed drugs have poor 
permeability. Thus novel pharmaceutical 
formulations are developed containing drug 
permeators. Drug transfer across BBB could 
be facilitated using permeator enhancers (e.g. 
bile acids). Value logP in system 
octanol/water is dependent on drug solvent 
interaction (i.e. hydrogen bonding), and 
because of this is poor predictor for BBB 

penetration, since this barrier is highly 
hydrophobic. Better system is 
cyclohexane/water since cyclohexane has no 
possibility for hydrogen bonding (2). If 
permeator that is most suitable could be 
predicted in vitro in preformulation 
investigations, it could decrease costs of 
formulation development. 
Thus, the aim of this study was to investigate 
gliclazde distribution in systems n-
octanol/water and cyclohexane/ water as in 
vitro prediction models for in vivo BBB 
penetration. Also the aim was to determine 
whether mentioned in vitro models could 
predict the influence of permeators such as 
dexycholic acid (DCA) on gliclazide transfer 
across BBB. 
 

MATERIALS AND METHODS 

Distribution coefficient (logD) was 
determined using a "flask shake" method. In 
glass tubes 1 ml of organic solvent 
(cyclohexane or octanol) was mixed with 5 
ml of aqueous phase. Partition profile was 
determined over physiological pH range (pH 
1.2 HCl solution, pH 4.5 acetate buffer, pH 
6.8 and 7.4 phosphate buffer and pH 7 
distilled water) for 5 combinations of n-
octanol or cyclohexane with aqueous 
gliclazide solution (10 µg/ml) of different pH, 
and with or without the addition of DCA (0.5 
mM) into n-octanol or cyclohexane phase. 
The analyses were done in triplicate for each 
pair of organic solvent/water. Concentrations 
of gliclazide were determined using modified 
high performance liquid chromatography 
method (3). Values of logD at pH 7.4 were 
compared with literature data of gliclazide 
BBB penetration and influence of DCA on its 
penetration (4). 
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RESULTS AND DISCUSSION 

Gliclazide is a small lipophilic molecule, but 
it has poor BBB penetration, and since it 
shows antioxidant properties on brain cells its 
penetration into central nervous system is of 
interest (5). In this investigation higher 
partition into organic layer was found in 
system n-octanol/water than cyclohexane/ 
water. Profiles of distribution after 1 and 24h 
are different which leads to a conclusion that 
24h is needed time for a partition to be 
finished in cyclohexane/ water system. There 
were no observed differences in logD values 
after 1 or after 24h between systems with and 
without DCA in n-octanol (pH 6.8, 7 and 
7.4), but minor differences were noticed on 
lower pH values (pH 1.2 and pH 4.5). DCA 
significantly increased partition of gliclazide 
in system cyclohexane/water, but not in 
system n-octanol/water. Value of logD at pH 
7.4 without DCA in organic layer in system 
n-octanol/water was 0.34±0.05 and in system 
cyclohexane/ water was -0.74±0.11. 
According to log D value in 
cyclohexane/water, gliclazide has poor BBB 
permeation, which is in correlation with in 
vivo data (logBBB 0.23±0.02 healthy 
animals, and 0.85±0.03 diabetic animals) (4). 
Value of logD at pH 7.4 with DCA in organic 
layer in system n-octanol/water was 
0.54±0.07 and in system cyclohexane/water 
was 0.18±0.01. Both systems showed 
increased transfer of gliclazide when in 
organic layer is present DCA. This is also in 
correlation with in vivo investigation where 
animals were pretreated with DCA (logBBB 
0.96±0.03 healthy animals, and 1.35±0.14 
diabetic animals) (4). Thus partition of 
gliclazide in system cyclohexane/water better 
correlate with in vivo data, where penetration 
of gliclazide was increased with DCA 
pretreatment, but in diabetic animals, 
penetration was increased in group with and 
without DCA pretreatment and investigated in 
vitro systems could not predict this. 
 
 
 
 

 

 
 
Fig. 1. Log D values at pH values with and without DCA in 
organic layer (a) system cyclohexanol/water (b) system n-
octanol/water (ClogD values are predicted logD values of 
gliclazide via ACDlabs program). 
 
CONCLUSIONS 
Our results indicate the existence of 
physicochemical interactions of DCA and 
gliclazide. Investigated system 
cyclohexane/water predicted poor gliclazide 
BBB penetration and the influence of DCA 
on gliclazide penetration. However, 
investigated systems could not predict 
differences in penetration between diabetic 
and healthy animals and further research is 
required. 
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INTRODUCTION 
Cefotaxime sodium (CEF) is a water-soluble 
semi-synthetic cephalosporin, which exhibits 
a potent activity against various bacteria. CEF 
is not appreciably absorbed from the 
gastrointestinal tract and is therefore only 
available in an injection form, as the sodium 
salt. Bioavailability of CEF after oral 
administration is less than 5%. CEF is class 
III based upon the biopharmaceutical 
classification system. The low oral 
bioavailability is mostly due to its instability 
in the harsh environment of the stomach and 
intestine. Studies have shown that CEF 
solution exhibits maximum stability in the pH 
range of 4.3-6.5. Degradation appears to be 
rapid at pH 1.5. It was reported that the β-
lactam moiety undergoes hydrolysis at lower 
pH while at higher pH~8, the side chain 
undergoes hydrolysis (1). 

Bile salt derivatives have shown significant 
ability to enhance the bioavailability of 
various drug compounds. The semisynthetic 
sodium 3α,7α-dihydroxy-12-keto-5β-
cholanate (MKC) has been shown to improve 
the absorption and blood brain barrier 
penetration of morphine and quinidine. 
Attempts have been made to increase CEF 
absorption in combination with sodium 
cholate/deoxy-cholate and in liposome 
encapsulation (2). 
The aim of this study was to investigate the 
pharmacokinetics of CEF after oral 
application in the new formulation of 3α,7α-
dihydroxy-12-keto-5β-cholanate (MKC) 
microvesicles (MV) in rats. 
 

MATERIALS AND METHODS 

CEF loaded-microvesicles, with or without 
MKC, were prepared by the rotary film 
evaporation method, as previously described 
(3). The particle size of micro-vesicles was 
measured by laser diffraction technique using 
a Mastersizer X, and the result were vesicles 
size 0.385 ± 0.071μm with MKC and 0.396 ± 
0.058μm without MKC. In order to determine 
entrapment efficiency of CEF-loaded 
microvesicles, samples were centrifuged at 
30,000 rpm for 5 min using an ultra-filter. 
The filtrate containing free CEF was analyzed 
by HPLC. The entrapment efficacy was for 
CEF loaded-MV with MKC 54.29 ± 11.69% 
and for CEF loaded-MV without MKC 47.61 
± 12.72%. 
Wistar rats were divided into 6 groups and 
CEF (15 mg/kg) was administered orally: 1. 
alone in saline; 2. in saline with MKC (2 
mg/kg) (CEF+MKC), 3. in saline with 
microvesicles (CEF+MV), 4. encapsulated in 
microvesicles (CEFinMV) with saline 
solution, 5. in saline with MKC microvesicles 
(CEF+MKCMV), 6. encapsulated in MKC 
microvesicles (CEFinMKCMV) with saline 
solution. Blood samples were taken before the 
gavage and 10, 20, 30, 40, 60, 90, 120, 150, 
180 and 240 minutes after the gavage. Plasma 
samples were analyzed for CEF by HPLC 
method (4). 
Results were analyzed by SPSS 17.0 software 
and data were further analyzed by 
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WinNonLin 4.1 software, using a non-
compartmental model. 
 

RESULTS AND DISCUSSION 

After the oral administration of CEF solution 
with MKC, Cmax and AUC were 
significantly higher than after the 
administration of CEF solution alone (2-fold). 
After the administration of CEF encapsulated 
in MV without MKC, Cmax and AUC were 
significantly higher than after administration 
CEF solution alone (1.5 and 2-fold, 
respectively). After the administration of CEF 
encapsulated in microvesicles with MKC, 
Cmax and AUC were significantly higher 
than after administration of CEF solution 
alone (12 and 9-fold, respectively) which 
shows that administered as this formulation 
CEF has significantly higher bioavailability, 
reaching inhibitory concentration for most 
bacteria. Besides, Cmax and AUC after the 
administration of CEF encapsulated in 
microvesicles with MKC were significantly 
higher than after the administration of CEF in 
MV without MKC (5-fold). There were no 
significant differences in other 
pharmacokinetic parameters. 
MKC, like other bile salts, may incorporate 
CEF into micelles which can increase its 
permeability through the mucosal membrane. 
MKC may also enhance penetration of CEF 
via the paracellular route by exerting a 
mucolytic effect and binding calcium ions 
causing tigh junctions to open. Bile salts can 
improve the bioavailability of drugs by 
enhancing the affinity for transporters like 
H+/peptide symporter (PEPT1) and increase 
beta-lactam antibiotic transepithelial flux and 
availability. 
The mechanism of the 9-fold increase in CEF 
bioavailability resulting from the 
administration of the microvesicles 
formulated with MKC in our study may 
involve multiple factors such as: 1. The direct 
MKC absorption enhancement properties; 2. 
The formulation in microvesicles and 
increased intestinal uptake by endocytosis via 
both Payer’s patches and intestinal 
enterocytes; 3. The increased stability in the 

intestinal tract and consequently availability 
for the absorption when microvesicles are 
formulated with MKC. 
 

 
Fig. 1. Cefotaxime concentrations in rat plasma after oral 
administration of CEF alone; together with MKC (CEF+MKC), 
mixed with microvesicles (CEF+MV), encapsulated in 
microvesicles (CEFinMV), mixed with MKC microvesicles 
(CEF+MKCMV), encapsulated in MKC microvesicles 
(CEFinMKCMV). 

 
CONCLUSIONS 

Encapsulation in MKC microvesicles 
increased CEF oral bioavailability and it is 
superior in comparison to CEF solution and 
CEF encapsulated in microvesicles without 
MKC. This suggests that the encapsulation of 
CEF in microvesicles with MKC can extend 
CEF application from parenteral only to oral 
as well. 
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INTRODUCTION 

The selection of excipients is crucial in the 
design of a quality drug product. Excipients 
should facilitate administration and release of 
the active pharmaceutical ingredient (API), as 
well as to protect it from the environment. 
Excipients and their concentration in a dosage 
form are selected based not only on their 
functionality, but also on the compatibility 
between the drug and excipients (1). 
Excipients are considered to be 
pharmaceutically inert, but physical and 
chemical interactions with an active 
component may occur. Unintended physico-
chemical interactions of excipients with a 
drug substance in a dosage form can result in 
the drug binding, resulting in slow and/or 
incomplete drug release in a dissolution 
medium. It is important to assess the risk 
whether such interactions would reduce the 
liberation of a drug from its formulation (2). 
Paracetamol is one of the most widely used 
over-the-counter medications used in the 
symptomatic management of moderate pain 
and fever. Paracetamol is usually formulated 
in tablets containing 300 to 500 mg of drug. 

Three metastable forms are known, but it is 
commercially available as monoclinic 
paracetamol, thermo-dynamically the most 
stable modification. According to the present 
regulations, paracetamol is a BCS class III 
API, having high solubility and low 
permeability. Several studies have shown 
differences in the rate of absorption between 
paracetamol brands and formulations (3, 4). 
The aim of this work was to determine and 
compare dissolution profiles of four 
commercial paracetamol immediate release 
tablet formulations and to evaluate the 
influence of excipients on kinetics of 
paracetamol dissolution. 
 
MATERIALS AND METHODS 

Dissolution profiles of studied paracetamol 
tablet formulations were analyzed according 
to the officinal procedure for conventional-
release dosage forms in European 
Pharmacopoeia 8.0. Dissolution tests for two 
uncoated and two film-coated tablet 
formulations were performed using the paddle 
apparatus and phosphate buffer pH 6.8 as a 
medium. Release of paracetamol was 
followed during 60 minutes at 6 time points. 
Concentration of paracetamol was measured 
using UV/Vis spectrophotometric method. 
Dissolution profiles were compared using 
model-independent method, statistic method 
and model-dependent methods to determine 
the release kinetics of paracetamol. Model-
independent method included calculation of 
difference factor f1 and similarity factor f2. 
Statistic method involved ANOVA and 
Student's t-test for paired samples with 
p˂0.05. In model-dependent approaches, 
release data were fitted to seven kinetic 
models including the zero-order, first order, 
Higuchi square root, Hixson-Crowell cube 
root, Korsmeyer-Peppas, Weibull distribution 
and logistic release equations to find the 
equation with the best fit using DDSolver in 
Microsoft Excel. Statistical criteria for 
evaluating the goodness of fit of a model 
included the adjusted coefficient of 
determination (R2adj), mean square error 
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(MSE), Akaike information criterion (AIC) 
and the model selection criterion (MSC). 
 
RESULTS AND DISCUSSION 

Dissolution profiles of four paracetamol-
containing tablets are shown in Figure 1. All 
formulations liberated more than 85% of the 
labeled content in the first 45 minutes which 
is accordance with officinal requirements for 
immediate release tablets. Formulation D 
which was compounded with calcium 
carbonate and alginic acid as super-
disintegrator released 90% of the content in 
first 5 minutes. Release of paracetamol from 
formulation C was much lower in comparison 
to other three formulations in first 5 minutes, 
probably due to the content of two glidants, 
talc and stearic acid, which may lead to 
changes on the tablet surface, poor wetting 
and delayed tablet disintegration and 
dissolution. 

 
Fig. 1. Dissolution profiles of four paracetamol immediate 
release tablet formulations 

 
Results of the model-independent method 
showed that difference factors f1 between any 
two of studied formulations were much less 
than 15 indicating no significant differences 
in their dissolution profiles. On the other 
hand, ANOVA-based method showed that 
formulation B has the parallel dissolution 
profile, statistically differing in all 6 time 
points when compared to formulations A, C 
and D. Increased amount of magnesium 
stearate as a lubricant in formulation B is 
probably the reason of those differences. 

Using the model-dependent method, it was 
determined that the release of paracetamol 
from formulations differed among studied 
formulations, suggesting the notable role of 
excipients and manufacturing process in 
paracetamol liberation from dosage forms. 
The release from A and D formulations was 
best described by the first order kinetic 
model, and the release from formulations B 
and C by logistic model. This means that 
paracetamol liberation from formulations A 
and D occurs mostly by diffusion process, 
depending on the drug amount remaining in 
the formulation, while B and D formulations 
are characterized by S-shaped diffusion 
curve, indicating a complex release 
mechanism. 
 
CONCLUSIONS 

This study showed that excipients such as 
diluents and disintegrants have significant 
influence on the release kinetics of 
paracetamol. Besides, formulations A and B, 
having similar composition but differing in 
glidants, had significantly different 
dissolution profiles, suggesting the role of 
glidants in modification of paracetamol 
liberation from tablet formulations. 
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INTRODUCTION 

Praziquantel (PZQ) is an antihelmintic drug 
largely used for the treatment of 
Schistosomiasis in developing countries.1 It is 
included in the WHO Model List of Essential 
Drugs2 because of its safety and efficacy, but 
it is also classified a BCS class II drug and 
characterized by an extensive first-pass 
metabolism3. The recommended dosage for 
the treatment of Schistosomiasis is 20 mg/kg 
three times a day and it has to be continued 
for 4 to 6 weeks; for at-risk populations a 40 
mg/kg single dose is used as preventive 
therapy. Since school-aged children are the 
main populations involved, research is needed 
to enhance the solubility and the 
bioavailability of PZQ, to reduce the high 
therapeutic doses used and therefore the 

dimension of tablets and capsules, difficult to 
swallow in pediatric patients1. In literature 
one can find various studies with the aim of 
enhancing PZQ properties such as the 
preparation of solid dispersions, inclusion 
complexes, fast dispersible granules and melt 
granulation and ultrasonic spray congealing4.  
In this study, an alternative way to improve 
solubility and hence possible reduce the 
therapeutic dose is proposed: to switch to a 
crystalline polymorph of PZQ racemic 
compound.  
In literature several authors has testified the 
existence of crystal modifications of this 
drug: in particular hemihydrates and co-
crystals have been reported, mainly obtained 
in presence of solvents.5 

Besides, this research reports the preparation 
of a crystalline polymorph of PZQ by means 
of a neat grinding process. The new phase 
will be fully characterized, also performing 
preliminary in vitro and in vivo antihelmintic 
assays.   
 
MATERIALS AND METHODS 
 

Materials 
Praziquantel Ph. Eur. grade  was kindly 
donated by Fatro S.p.A.-Italy). HiPersolv 
Chromanorm Methanol (Ph. Eur. for HPLC 
Gradient Grade) was from VWR Chemicals 
BHD PROLABO®. 
 

Methods 

Sample Preparation 
PZQ was milled on its own, by neat grinding, 
at vibrational frequency of 20 Hz in a mill-
Retsch MM400 (Retsch GmbH) which was 
equipped by 2 screw-type zirconium oxide 
jars, each with a capacity of 35 ml and three 
15 mm spheres.  

Sample characterizations 
The ground samples were analyzed in 
comparison to starting racemic PZQ 
compound, as a powder.  
A Reverse phase HPLC method was used for 
testing drug purity. Polarimetry analyses were 
conducted to quantify the enantiomeric 
excess. 
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Differential Scanning calorimetry (DSC), 
Powder-X-Ray Diffraction (PXRD), 
Scanning Electron Microscopy (SEM), SS-
NMR and ATR-IR analyses were performed 
to study the solid state of the samples. 
Solubility and intrinsic dissolution studies 
were performed in water at 25°C and 37°C, 
respectively. 
In vitro and in vivo (in mice, 400 mg/kg) 
activity against Adult Schistosomes were 
finally assayed.  
 
RESULTS AND DISCUSSION 

A new polymorph, named “Tina”, was 
obtained through a grinding process in 
absence of solvent. In the solid product no 
enantiomeric excess was found and the 
amount of impurities formed was less than 
1%. In comparison to starting PZQ, “Tina” is 
a crystalline solid with different habit (fig. 1) 
and melting point (110 °C with a melting 
enthalpy of 70.28 J/g). Its PXRD pattern was 
also clearly distinguishable from that of PZQ. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
 
Fig. 1: SEM micrographs of starting PZQ (left) and “Tina” 

 
In the ATR-IR spectra several differences are 
evident, in particular in the 1700-1600cm -1 
range.  The 13C CPMAS spectra of Tina is 
completely different from PZQ indicating as 
well the formation of a new phase Indeed, the 
spectrum is characterized by very sharp peaks 
(FWHM 100Hz) demonstrating a highly 
crystalline compound, all shifted of about 0.2-
3 ppm with respect to PZQ. Signals in 15N 
CPMAS spectra where sharper and slightly 
shifted with respect to PZQ. 
This new phase, as reported in Table 1, had 
doubled water solubility (equilibration time= 
48h) and intrinsic dissolution rate. 
 
 
 

Tab. 1: Solubility (Cs) and intrinsic dissolution rate in water  
 

Sample Cs at 25°C  
mg/L 

IDR at 37°C 
µg* cm-2 min-1 

PZQ 140.309.26 31.2 ±0.6 
“Tina” 281.31 62.2 ±1.3 

 

“Tina” was highly active against S. mansoni 
both in vitro (IC50 = 0.135 µg/ml compared to 
0.165 µg/ml of starting PZQ) and in vivo 
(100% cure of mice at 400 mg/kg compared 
to about 98% of starting PZQ). 
Solid state analyses repeated over a period of 
more than 1 year attested the physical 
stability of the new phase.  
 
CONCLUSIONS 

The polymorph “Tina”, obtained by neat 
grinding in vibrational mill, is a very 
promising product for the treatment of 
Schistosomiasis for its biopharmaceutical 
properties, bioactivity against S. mansoni and 
stability. 
 
REFERENCES 
1. WHO Expert Committee. Prevention and control of 

schistosomiasis and soil-transmitted helminthiasis. Technical 
report series. Geneva:World Health Organisation, 2002. 

2. WHO model list of essential medicines 19 ed. (April 2015 –
Amended November 2015). Available at 
http://www.who.int/medicines/publications/essentialmedicines/
en/ via the internet. 

3. Trastullo R., Dolci L.S., Passerini N., Albertini  B. 
Development of flexible and dispersible oral formulations 
containing praziquantel for potential schistosomiasis treatment 
of pre-school age children.  Int. J. Pharm. 2015; 495, 1: 536-
550. 

4. Maragos S. Archontaki H., Macheras P., Valsami G.,  Effect of 
Cyclodextrin Complexation on the Aqueous Solubilityand 
Solubility/Dose Ratio of Praziquantel. AAPS PharmSciTech, 
Vol. 10, No. 4, 2009. 

5. Espinosa-Lara J.C. Guzman-Villanueva D, Arenas-García J.I., 
Herrera-Ruiz D., Rivera-Islas J., Roman-Bravo P., Morales-
Rojas H., Hopfl H., Cocrystals of Active Pharmaceutical 
Ingredients Praziquantel in Combination with Oxalic, Malonic, 
Succinic, Maleic, Fumaric, Glutaric, Adipic, And Pimelic 
Acids. Cryst. Growth Des. 2013, 13, 169−185 

 

 
 
 
 
 



 

255 

POROSITY AS 
CRITICAL 
MATERIAL 
ATTRIBUTE (CMA) 
IN MODIFIED 
RELEASE MATRIX 
SYSTEMS 
 
V. Petrovska Jovanovska1,*,                                      
M. Chachorovska1, M. Stojanovska1,                     
Gj. Petruševski1, S. Ugarkovic1,                             
M. Glavas Dodov2 
 
1 Research & Development, Alkaloid AD-Skopje, 
Blv. Aleksandar Makedonski 12, 1000 Skopje, 
Macedonia 
2 Institute of Pharmaceutical Technology, Center 
for Pharmaceutical Nanotechnology, Faculty of 
Pharmacy, University “Ss. Cyril and Methodius”, 
Majka Tereza 47, 1000 Skopje, Macedonia  
 
 

INTRODUCTION 

The two most important segments of polymer 
swelling in controlled release matrix systems 
are the length of the diffusion pathways and 
the mobility of the macromolecules (1). 
Water penetration into the device (via pores 
and/or through continuous polymeric 
networks) is an important phenomenon for 
water soluble active agents (API`s). The aim 
of this study was to correlate the granulation 
technique with the critical material attribute 
(CMA) - porosity and the swelling of the 
polymer matrix which will affect the critical 
quality attribute (CQA) – the in vitro release 
profile of the API.  
 

MATERIALS AND METHODS 

Materials 
The excipients used were: Methocel K100M 
(Colorcon, EU), Avicel PH 112 (FMC 
Biopolymer, USA), Aerosil 200 (Evonik, 
Germany) and Magnesium stearate (Mg 
stearate) (Carsco GE, Italy). Water-soluble 

compound (API) was used as a model drug 
(solubility 10.2 mg/ml, pK 10.26 and 9.12, 
Mw 473.49 g/mol, BCS Class III). All the 
other chemicals used were of analytical grade. 

Methods 

Dry granulation technique 
The API and other excipients were weighed 
and mixed in laboratory mixer granulator 
(Diosna, Germany). The granules were 
lubricated and compressed into round shaped 
(7.0 mm) tablets using 4-station rotary 
compression machine (Korsch XL 100, 
Germany), Sample 1. 
 

Wet granulation technique 
The API and other excipients were weighed 
and mixed in laboratory mixer granulator 
(Diosna, Germany). The wet mass was passed 
through #6 mesh and granules were oven 
dried. Dried granules were further passed 
through #230 mesh,  lubricated and 
compressed into round 7.0 mm tablets using 
4-station rotary compression machine 
(Korsch XL 100, Germany),  Sample 2. 
Composition of the prepared samples is 
presented in Table 1. 
Tab. 1: Composition of the prepared samples. 

Porosity of the final blends 
The true density of the final blends was 
measured using a helium gas displacement 
pycnometer (Type AccuPyc 1330, 
Micromeritics®, Bedfordshire, UK). 

Dynamic swelling 
For swelling kinetics, a gravimetric 
measurement was used. At the determined 
time intervals, tablets were taken out and 
swabbed from excess water using filter paper, 
and then weighted. The experiment was 
carried out in 900 ml phosphate buffer pH 
6.8, 37 °C at 50 rpm. The swelling ratio (SR) 
was calculated using the following equation: 
SR (%) = Wt/Wo*100;  where Wt and Wo are 
the weight of the swollen gel at time t, and the 
weight of the dry tablet, respectively. 

Sample 
code 

API  
(%) 

Methocel  
K100M 

(%) 

Avicel 112 
(%) 

Mg 
stearate 

(%) 
Sample 1 11.35 21.78 65.34  1.5  
Sample 2 11.35 21.78 65.34  1.5  
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INTRODUCTION 

The number of poorly water-soluble drug 
candidates is increasing rapidly. Their 
absorption and bioavailability is often limited 
by solubility and dissolution rate in water (1). 
In order to improve the bioavailability of such 
drugs and thus enable the development of 
controlled release drug delivery systems, 
many approaches have already been used. 
The formulation of nanofibers is very 
interesting among them. Electrospun polymer 
nanofibers represent, due to their very small 
diameters, a high surface-to-volume ratio and 
a very high porosity, a promising delivery 
system for poorly water-soluble drugs (2,3). 
Furthermore, crystallization of the drugs can 
be limited or avoided due to fast solvent 
evaporation and fiber solidification during 
electrospinning, resulting in amorphous drug 
dispersions (4).  
The aim of our research was to investigate, 
how electrospinning affects the drug 
crystallinity. Thus, electrospun PCL 
nanofibers loaded with various poorly water-
soluble drugs were prepared and the drug 
crystallinity in nanofibers was evaluated. 
  
 

MATERIALS AND METHODS 

Materials 
The polycaprolactone (PCL) Mw 70,000- 
90,000 g/mol was purchased from Sigma-
Aldrich, Germany. The sodium iodide 
(≥99.5%), chloroform and acetone (≥99.5%) 
were all obtained from Merck, Germany. The 
ibuprofen, carvedilol, budesonide, naproxen 
and celecoxib were from Sigma–Aldrich, 
Germany. The water was purified by reverse 
osmosis. 
 

Preparations of polymer solutions 
PCL solutions (10%, w/w) were prepared by 
dissolving PCL in a mixture of chloroform 
and acetone in weight ratio 75:25. NaI 
(0.03%, w/w) was then added and solutions 
were stirred on a magnetic stirrer for 3-4 h at 
room temperature. After complete polymer 
dissolution, 43 % (w/w; based on the dry 
weight of the polymer) of investigated drugs 
were added and the solutions were stirred for 
additional 1-2 h prior electrospinning. 
 

Fabrication of nanofibers 
Drug loaded PCL nanofibers were prepared 
from polymer solutions by electrospinning. 
The solution was placed in a plastic syringe 
fitted with a metal needle (inner diameter 0.8 
mm) and a high voltage of 17.5 kV was 
applied by a high voltage generator (model 
HVG-P60-R-EU, Linari Engineering s.r.l., 
Italy) to initiate the jet. The polymer solution 
feeding rate (1.63 ml/h) was controlled by a 
syringe pump (model R-99E, Razel Scientific, 
USA). A grounded aluminium foil covered 
screen was used as a collector and was placed 
15 cm from the needle tip.  
 

Characterization of nanofibers   
The morphology of the electrospun PCL 
nanofibers was analysed by scanning electron 
microscopy (Supra35 VP, Carl Zeiss, 
Oberkochen, Germany), using an accelerating 
voltage of 1 kV and a secondary detector.  
 

The crystallinity of drugs in nanofibers was 
evaluated by differential scanning calorimetry 
(Mettler Toledo, STARe System) and Raman 
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INTRODUCTION 

The main advantage of FDDFs is appreciated 
by a significant segment of population, 
particularly children and elderly, who have 
difficulty in swallowing conventional tablets 
or capsules. 
Nowadays, there is an increasing interest in 
sugar substitutes (mono- and disaccharide 
alcohols, also called polyols) in 
pharmaceutical formulations. 
The reason for this interest is the recognition 
of their natural tasting sweetness, low calorie 
content and non-cariogenic characteristics. 
In addition, the polyols have shown very 
good industrial and technical properties in 
pharmaceutical manufacturing, above all in 
the area of direct tabletting as well. Among 
all polyols, isomalt is the only sugar alcohol 
derived from sucrose (1). 
It was discovered that isomalt exhibits plastic 
deformation and elastic recovery mostly 
under pressure. One study determined that 
isomalt is also an option as diluent for orally 
disintegrating tablets (2, 3). 

MATERIALS AND METHODS 

Materials 
Agglomerated isomalt (GaleniQ 721 Ph. Eur, 
Beneo GmbH.) (D50: 0.125mm) (Fig.1.), and 
spray dryed mannitol (Pearlitol SD 200, 
Roquette GmbH.) (Fig.2.) were used as 
fillers. The super disintegrant agent was 
sodium starch glycolate (Vivastar P, JRS 
Pharma GmbH.) in 0, 2, 4 and 6%. 
Magnesium-stearate (Mg-st) was used as 
lubricant in 1%. 

 
Fig.1. The structure of isomalt 

 
Fig. 2. The structure of mannitol 
 

Methods 
Korsch EK0 excentric tablet machine was 
used for tablet preparation and investigation 
of compactibility.  
 
Tab. 1. Composition of samples 
 

Sample 
name 

Vivastar 
P 

Mg-st 
Isomalt/ 
Mannitol 

Isom1/Man1 0% 1% 99% 

Isom2/Man2 2% 1% 97% 

Isom3/Man3 4% 1% 95% 

Isom4/Man4 6% 1% 93% 
 

The compression force was standard, 5±0.5 
kN. Stamm-Mathis plasticity (Pl.S-M), 
compactibility (Pr) and friction work (FW) 
were calculated. Disintegration time was 
measured by disintegration tester (Erweka ZT 
71, (Erweka GmbH.) Ph. Eur.) and a special 
method in dissolution tester with time 
measurement. The tablets’ mechanical 
properties were investigated with tablet 
hardness tester (Heberlein (Flisa)). The 
samples were analyzed by using near infrared 
spectroscopy (NIR) (Antaris II NIR Analyser, 
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Thermo Scientific) with absorbance 
measurement. 
 

RESULTS AND DISCUSSION 

In case of application of isomalt, the 
disintegration time was decreased with 
Vivastar P concentration with both 
measurement methods (Fig 3). The standard 
deviation was lower with special method in 
dissolution tester. 

 
 
Fig. 3: Comparison of disintegration time: method according to 
the Ph. Eur. and special method with dissolution tester  
 

In case of samples containing mannitol, the 
disintegration time was lower, and it was also 
decreased with concentration of Vivastar P. 
Tensile strength was calculated with the Fell-
Newton equation: 

F/Dt 

where, F is the applied force, D is the tablet 
diameter and t is the thickness of the tablet. 
The tensile strength was decreased with 
concentration of Vivastar P in both cases 
(Fig. 4.).  

 
 
Fig. 4. The tensile strength of tablets 
 

The compactibility (Pr) was calculated with 
the following equation: 

Pr=E2/m) 

where, E2 is the energy of compression and m 
is the tablet mass. 
 
Tab. 2. Compactibility results of tablets without Vivastar P and 
6% Vivastar P 
 

Sample Isom1 Isom4 Man1 Man4

E1(J) 1.35 1.83 1.12 1.00 

E2(J) 3.72 2.51 3.10 2.26 

E3(J) 1.36 1.04 0.58 0.57 

FW(J) 0.67 0.36 0.46 0.36 
Pl.S-M 

(%)
73.17 70.70 82.77 79.93 

Pr 
(Pa/Jkg-1)

50.65 35.00 48.59 24.93 

 

The Stamm-Mathis plasticity (Tab. 2.) was 
calculated with the following equation: 

Pl S-M=(E2/(E2+E3))*100 

where, E2 is deformability and the E3 is 
elasticity. There was no significant difference 
between the compactibility results of tablets 
containing isomalt and mannitol. In case of 
tablets containing Vivastar P the Pr, FW and 
the Pl.S-M were lower than without Vivastar P. 
In case of isomalt a linear correlation was 
found between the absorbance (NIR) and the 

tensile strength (R2:0.9885; :5393nm). 
 

CONCLUSIONS 
Isomalt is a well usable material for 
formulation of FDDS with direct compression 
method. 
The Ph. Eur. disintegration time measurement 
method resulted in a very high standard 
deviation but in case of special method in the 
dissolution tester the standard deviation was 
lower. 
The mechanical properties of tablets 
containing isomalt are significantly better 
than tablets containing mannitol. 
With the application of Vivastar P, 
disintegration time and the tensile strength 
were decreased. 
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INTRODUCTION 
In the era of nanomedicine and 
nanotechnology, owing to numerous 
appealing features, especially high 
solubilization capacity for lipophilic drugs, 
improved penetration through biological 
barriers, possibly enhanced bioavailability, 
controlled drug release, and organ targeting, 
considerable attention has been focused more 
recently on nanoemulsions (NEs) as 
promising carriers for parenteral delivery of 
poorly water-soluble centrally-acting drugs 
(1,2). Following this, the present work aimed 
to strengthen the already acquired knowledge 
about parenteral NEs as vehicles for enhanced 
brain delivery of risperidone (RSP), a well-
established antipsychotic drug, through 
understanding the relationship between the 

physicochemical properties of the drug, and 
carrier, and its pharmacokinetics and 
pharmacodynamics in rats. 
 
MATERIALS AND METHODS 

Materials 
For the preparation of NEs the following 
ingredients (%, w/w) were used: RSP (1 
mg/g) (Actavis, Serbia); medium-chain 
triglycerides (MCT, 16%) (Fagron GmbH & 
KG, Germany); soybean oil (4%), soybean 
lecithin (2%), sodium oleate (0.03%) (Lipoid 
GmbH, Germany); butylhydroxytoluene 
(0.05%), benzyl alcohol (2%), polysorbate 80 
(2%) (Sigma-Aldrich GmbH, Germany); 
glycerol (2.25%) (Merck KGaA, Germany), 
and ultra-pure water (to 100%). 

Nanoemulsion Preparation and 
Characterization 
RSP-loaded and corresponding placebo NEs 
were produced by hot high pressure 
homogenization (EmulsiFlex-C3; Avestin 
Inc., CA) – 500 bar, 50 °C, 10 cycles. Droplet 
size (Z-Ave), polydispersity index (PDI), and 
zeta potential (ZP) of NEs, after proper 
dilution, were determined using Zetasizer 
Nano ZS90 (Malvern Instruments Ltd., UK). 

Stability Study 
NE samples (aseptically filtered and 
autoclaved) were stored at 25 ± 2 °C and after 
one year their Z-Ave, PDI, ZP, viscosity, pH, 
and electrical conductivity were determined. 

Pharmacokinetic and Behavioral 
Experiments 
Developed RSP-NE and RSP solution (RSP-
Sol, 1 mg/g) were intraperitoneally (i.p.) 
administered to male Wistar rats (Military 
Farm, Serbia). For pharmacokinetic study, 
blood and brain samples were collected at 
defined time intervals, and concentrations of 
RSP and its major active metabolite 9-
hydroxyrisperidone (9-OH-RSP), after proper 
sample processing, were determined by 
UHPLC–MS/MS. 
In pharmacodynamic study, the antipsychotic 
efficacy of RSP delivered in NE, compared to 
solution, was evaluated, by analyzing the 
effect of drug treatment on amphetamine 
(AMPH)-induced hyperlocomotion in rats. 
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RESULTS AND DISCUSSION 

Based on preliminary experiments (2), the 
most promising lecithin-based NE containing 
mixture of MCT and soybean oil as oil phase, 
sodium oleate solution (pH 9) as aqueous 
phase, and polysorbate 80 as co-emulsifier, 
was selected as carrier for brain delivery of 
RSP and its comprehensive evaluation was 
performed. The physicochemical 
characterization revealed small droplet size 
(160 ± 1 nm) with PDI about 0.125 and 
ZP around –55 mV, without considerable 
changes in monitored parameters after 
one year of storage at 25 ± 2 °C (Fig. 1). 
 

 
 
Fig. 1: Z-Ave, PDI and ZP of selected RSP-loaded NE 1 day after 
preparation and after 1 year of storage at 25 ± 2 °C (mean ± SD, 
n = 3). 

 
Pharmacokinetic study indicated erratic brain 
profiles of RSP total active moiety (sum of 
RSP and 9-OH-RSP) following i.p. 
administration of RSP-NE and RSP-Sol to 
rats (Fig. 2). Higher total plasma and brain 
levels, higher mean residence time in plasma 
and lower plasma clearance of total active 
moiety were observed with RSP-NE 
compared to RSP-Sol, resulting in 1.2-fold 
increased relative bioavailability and 
improved brain uptake (R = 1.3). 
In behavioral study, RSP-NE showed 
pronounced reduction in basal as well as 
AMPH-induced locomotor activity, with 
comparable or even preferable profile than 
RSP-Sol, and with a tendency to maintain the 
antipsychotic effect after 1.5 h (Fig. 3). 
 

 
 
Fig. 2: Plasma and brain concentration–time profiles of RSP 
total active moiety after i.p. administration of RSP-NE and RSP-
Sol in rats (mean ± SE, n = 3). 

 

 
 
Fig. 3: Inhibition of AMPH-induced hyperlocomotion after i.p. 
injection of RSP-NE and RSP-Sol to rats (mean ± SE, n = 7–8); 
**p < 0.01, ***p < 0.001 vs. control saline (SAL or SAL/SAL) 
group; ##p < 0.01 vs. AMPH/SAL group. 

 
CONCLUSIONS 
Overall, the results suggest that NEs (with 
tailor-made properties) can improve RSP 
ability to penetrate the blood-brain barrier 
and, therefore, may represent an advance in 
antipsychotic therapy. 
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INTRODUCTION 

Microemulsions (ME) are transparent, 
thermodynamically stabile, isotropic, liquid 
mixtures of oil, water and surfactant, 
frequently with a cosurfactant (1). They have 
high solubilization potential for hydrophilic 
and lipophilic drugs and can improve 
penetration and permeation of drugs through 
the skin (2 - 4). Tacrolimus (TAC) is a potent 
immunosuppressive macrolide which has 
poor solubility in water. The aim of this study 
was to formulate and characterize 
biocompatible lecithin-based ME for topical 
application and increased penetration and 
permeation of TAC. 
 
MATERIALS AND METHODS 

Materials 
Tacrolimus (98% pure, TAC) was obtained 
from Ontario Chem., Inc (Canada). Soybean 
lecithin (SL, Lipoid S 75) was purchased 
from Lipoid GmbH (Germany). Propylene 
glycol monocaprylate (Capryol 90, CAP) was 
kindly donated from Gattefosse (France). 

Ethanol (96%, v/v, ETA) was purchased from 
ZorkaPharm (Serbia) and isopropanol (2-
propanol, IPA) from Fagron (Netherlands). 
 

Construction of pseudo-ternary phase 
diagrams and preparation of ME 
Pseudo-ternary phase diagrams were 
constructed by gradual addition of HPLC-
grade water (W) in to a mixture of SL, ETA 
or IPA (1:1) and CAP. For the preparation of 
selected microemulsions (Tab. 1) SL was 
firstly dissolved in cosurfactant, then CAP 
was added and mixed for 10 min on a 
magnetic stirrer. At the end, proper amount of 
W was added and mixed for another 5 min. 
TAC (0.1% w/w) was dissolved in previously 
prepared formulations. 
 
Tab. 1: Composition (%, w/w) of selected ME formulations 
 

 ECV 35 ICV 35 ICV 60 
SL 22.75 22.75 16 

ETA 22.75 - - 
IPA - 22.75 16 
CAP 19.5 19.5 8 

W 35 35 60 
 
Characterization of microemulsions 
pH, conductivity and viscosity of all ME were 
measured. Additional characterization of ME 
structure was achieved using differential 
scanning calorimetry (DSC) in cooling mode 
of measurement. Mean particle size (Z-ave) 
and polydispersity index (PDI) were assessed 
for oil in water ME. 
Stability of blank and TAC-loaded ME stored 
at 25 °C was followed during 1 year. 
 
In vitro release of tacrolimus  
In vitro drug release studies were carried out 
using Franz diffusion cell. Cellulose acetate 
membrane was used as a barrier between 
donor and receptor compartment, while the 
receptor compartment contained a mixture of 
water and methanol (60:40 v/v). The release 
of TAC from ME was compared with referent 
ointment (Protopic 0.1%). UPLC-MS/MS 
system was used for the quantification of 
TAC. 
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RESULTS AND DISCUSSION 

The larger ME region is noticed on pseudo -
ternary phase diagram with IPA as a primary 
cosurfactant compared with ETA. 
All ME (ECV 35, ICV 35 and ICV 60) were 
yellow, transparent, low-viscous (16-31 
mPa*s) liquids with acceptable pH values 
(5.82, 5.78, 5.58, respectively), which slightly 
decreased during storage (5.00, 4.95, 5.05). 
These pH values are suitable for acquiring 
stability of TAC. Conductivity of ME (158.93 
μS/cm, 156.57 μS/cm, 186.90 μS/cm) was not 
changed significantly during storage. 
The cooling DSC thermograms of ME show 
one exothermic peak (Fig. 1) which 
represents the freezing of water. It can be 
noticed that the peak of water freezing 
appears at lower temperatures (-44 °C and -
51.5 °C) for ECV 35 and ICV 35 compared to 
ICV 60 (-26.1 °C). This could indicate their 
different structure (bicontinous vs. oil-in-
water ME). These results are in correlation 
with the results obtained by electrical 
conductivity studies. 

 
Fig. 1: DSC thermograms of ME. 
 
A bimodal distribution of droplets is observed 
for formulation ICV 60, with peak 1 mean 
intensity of 29.15 nm (area of 92.2%) and 
peak 2 mean intensity of 3.82 nm (area of 
7.8%). Therefore, a PDI for ICV 60 is slightly 
increased (0.28). Smaller peak could indicate 
the presence of SL-aggregates. Z-ave and PDI 
were not measured for bicontinuous ME, due 
to their non-droplet structure. 
In vitro release of TAC from ME was 
continuously increasing up to 24 h with no 

burst effect or plateau formation (Fig. 2). On 
the other hand, the release of TAC from 
Protopic was significantly lower after 6 and 
24 h, and the formation of plateau could be 
expected after 24h. 
 

 
 
Fig. 2: In vitro release of TAC (* significant difference of ME 
compared to Protopic). 

 
Released amounts of TAC after 24h was 
10.85%, 11.14% and 13.21% for ECV 35, 
ICV 35 and ICV 60. Although the greater 
release was noticed for ICV 60, there is no 
significant difference compared to the other 
ME. Only 1.79 % of TAC was released from 
Protopic after 24h. 
 
CONCLUSIONS 

Two bicontinuous and one oil-in-water 
biocompatible lecithin-based ME were 
developed and characterized. Their stability 
and stability of TAC-loaded ME was 
confirmed after 1 year of storage. 
In vitro release of TAC was significantly 
higher from ME compared with referent 
ointment after 6h and 24h of application. 
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INTRODUCTION 

Nanostructured lipid carriers (NLCs) consist 
of a mixture of liquid and solid lipids 
dispersed in an aqueous phase and stabilized 
with adequate surfactants. Due to the higher 
imperfection in crystal structure, they have a 
higher drug loading capacity and lower 
expulsion of a drug during storage compared 
with solid lipid nanoparticles (1). Different 
parameters can influence physicochemical 
properties and stability of NLCs (2, 3). 
Therefore, the aim of this study was to 
evaluate effects of some formulation and 
process parameters. 
 

MATERIALS AND METHODS 

Materials 
Precirol ATO 5 (PCL, solid lipid) and 
Capryol 90 (CAP, liquid lipid) were kindly 
donated by Gattefosse (France). Soybean 
lecithin (SL, Lipoid S 75) was purchased 
from Lipoid GmbH (Germany). Butyl- 
hydroxytoluene (BHT) and polysorbate 80 
(PS-80) were obtained from Sigma–Aldrich 
Lab. GmbH (Germany). 98% pure 

Tacrolimus (TAC) was purchased from 
Ontario Chemicals, Inc (Canada). 
 

Preparation of formulations 
NLCs (Table 1) were prepared using hot high 
pressure homogenization. Lipid phase with 
SL and BHT (0.05%, w/w) was heated to 
80°C, while aqueous phase (HPLC-grade 
water with or without PS-80) was heated to 
85 °C. The aqueous phase was added to the 
oily phase and pre-homogenized during 1 min 
at 10.000 rpm with rotor-stator homogenizer 
(IKA Ultra Turrax T-25). The obtained 
mixture was homogenized using a previously 
heated high pressure homogenizer (Emulsi-
Flex C3) during 5 cycles at 800 bars. 
Formulations were immediately packed into 
glass vials, tightly closed with crimp seals, 
and stored at the room temperature. 
Additionally, one formulation F was loaded 
with tacrolimus (0.1%, F-TAC) and three 
formulations F were prepared using different 
process parameters: F-LP, lower 
homogenization pressure (500 bars); F-MC, 
10 cycles of homogenization; F-RC, rapid 
cooling (-20 oC) after homogenization. 
 
Tab. 1: Content (%, w/w) of liquid lipid, solid lipid and 
surfactants in formulations 
 

 CAP PCL SL PS-80 
F-S3

6 4 

2 2 
F-S2 0.5 0.5 
F-S1 1 0 

F 

1 1 
F-L1 3 2 
F-L2 5 5 
F-L3 4 6 

 
Physicochemical characterization and 
short-term stability  
Mean particle size (Z-ave), polydispersity 
index (PDI) and zeta potential (ZP) of the 
formulations were evaluated using Zetasizer 
Nano ZS90. pH and conductivity values were 
measured at 20 ± 2 °C using HI 9321 pH 
meter and CDM23 conductometer. 
Rheological properties of the samples were 
determined on DV-III ULTRA Programmable 
Rheometer and Rheocalc software v.4.3, 
coupled with a cone and plate measuring 
device. All experiments were performed at 20 
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°C with the shear rate in the range of 75-1875 
s-1, following up and down curves. Apparent 
viscosities at a shear rate of 375 s-1 were 
compared. Short-term stability was evaluated 
during 60 days by following Z-ave, PDI, ZP, 
pH and conductivity values. 
 
RESULTS AND DISCUSSION 
Z-ave of the formulations was highly 
influenced by the content of lipids (Fig. 1). 
With the increase of total lipid content (F-L1 
vs. F, Fig. 1) a significant increase in Z-ave 
can be observed. Furthermore, the ratio of 
solid and liquid lipids (S/L ratio) had 
significant influence on Z-ave (F vs. F-L2 vs. 
F-L3, Fig. 1), where Z-ave increased with the 
increase of S/L ratio. Content of surfactants 
had lower influence on Z-ave (Fig. 2). 
However, significantly higher Z-ave can be 
noticed for F-S2, due to the lowest amount of 
SL. All formulations had acceptable PDI 
(PDI≤0.25), except of F-L2, which has shown 
an increase in PDI (Fig. 1) during storage, 
and is therefore marked as unstable. 
 

 

Fig. 1: Effect of different lipid content on Z-ave and PDI. 

 
ZP ranged from -33.0 to -41.5 mV for all 
formulations which implies good stability. 
Formulation F-S2 had significantly lower ZP 
due to the lowest content of SL. Interestingly, 
formulation without PS-80 (F-S1) exhibited 
the highest ZP, although it does not have the 
highest amount of SL. Significant increase in 
ZP during storage was observed for F-S2 and 
F-S3. 
pH values of the formulations (5.25 - 5.87) 
were decreasing during storage (4.00 - 4.84), 
due to the hydrolysis of mono- and 
diglycerides. The conductivity values (31,63 - 

59,47 µS/cm) were not significantly changed 
during the storage. 
 

 
Fig. 2: Effect of different content of surfactants on Z-ave and 
PDI. 
 

All samples exhibited pseudoplastic flow 
properties. Higher content of SL, higher 
content of lipids and higher S/L ratio 
increased apparent viscosity. Formulation F-
RC was semi-solid after the production, while 
formulations F-L2 and F-L3 switched to 
semisolid during storage, and were not further 
evaluated. 
Incorporation of TAC and change in the 
pressure and number of homogenization 
cycles did not have significant influence on 
examined physicochemical properties and 
stability of NLCs. 
 
CONCLUSIONS  

Total content of lipid phase, S/L ratio and 
content of SL emerged as critical parameters 
in development of NLCs. 
Formulation without PS-80 showed good 
short-term stability, indicating efficacy of SL 
in stabilization of SLNs with CAP. 
Long-term stability and biopharmaceutical 
characterization of formulations loaded with 
TAC will be further evaluated. 
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INTRODUCTION 
Tuberculosis, an infectious disease usually 
caused by the bacteria Mycobacterium 
tuberculosis (TB), has been present in 
humans since ancient times. Once rare in 
developed countries, tuberculosis infections 
began increasing in 1985, partly because of 
the emergence of HIV. Many strains of 
tuberculosis resist to the drugs mostly used to 
treat the disease and as a result new drugs and 
regimens are urgently needed that can shorten 
the required duration of tuberculosis 
treatment. N-Adamantan-2-yl-N'-[(E)-3,7-
dimethyl-octa-2,6-dienyl]ethane-1,2-diamine 
(SQ109, Fig. 1), is a drug candidate that is 

active against both drug-susceptible and drug-
resistant TB strains and affects cell wall 
synthesis (1). Based on these findings, it was 
recently decided to extend our ongoing 
research on the chemistry and pharmacology 
of adamantane analogues (2) by synthesizing 
and evaluating two adamantano 
ethoxymorpholino analogous derivatives of 
SQ109, compounds 1 and 2 (Fig. 1), which 
showed a noteworthy tuberculocidal activity 
(Table 2). Albeit the fact that the lipophilicity 
of these two compounds is higher than that of 
SQ109, it is, however, within the allowed 
limits for oral administration, and bear in 
their skeleton structural features, which we 
have found in the past to enhance the so 
called drug-like character.  
Therefore, it was intriguing to probe their oral 
absorption profiles, because this information 
is of paramount importance for future in vivo 
studies. To this end, dissolution studies were 
conducted and the preliminary results are 
presented herein. 
 

 

 
SQ109: N-Adamantan-2-yl-
N'-[(E)-3,7-dimethyl-octa-

2,6-dienyl]ethane-1,2-
diamine 

Compound 1: 
 1,3-Bis[4-(2-

morpholinoethoxy) 
phenyl]adamantane 

Compound 2: 
 2,2-Bis[4-(2-

morpholinoethoxy) 
phenyl]adamantane 

 
Fig.. 1: Structures of SQ109, and compounds 1 and 2 
 

MATERIALS AND METHODS 
 

Materials 
Matrix tablets were comprised of compound 1 
or 2, and combinations of the following: 
sodium alginate, lactose monohydrate, 
polyvinylpyrrolidone (PVP) (Table 1). 
  
Tab. 1: Tablet formulations 

 F1 (mg) F2 (mg) 
Compound 1 or 2 5 5 
Sodium alginate 144 130 
Magnesium Stearate 2 2 
Lactose monohydrate 49 - 
PVP (M.W.: 55.000) - 63 
Total 200 200 

 
Methods 
The dissolution experiments involved flat 
tablets (10 mm diameter, 200 mg weight and 
6-9 kp hardness), the release of which, in 
gastric and intestinal simulated fluids, was 
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determined spectrophotometrically at 
λmax=223 nm for compound 1 and λmax=245 
nm for compound 2. The structures of the 
compounds were prepared using the LigPrep 
3.4 module and were minimized using the 
OPLS3 force field. Computer program 
QikProp was used to predict the physically 
significant descriptors and pharmaceutically 
relevant properties of the compounds. 
Comparison indices like the f1 and f2 were also 
used to compare the dissolution profiles. 
 

RESULTS AND DISCUSSION 
The predicted octanol/H2O partition 
coefficients suggest compound 2 is more 
lipophilic than its isomer 1 (Table 2). This is 
possibly due to the fact that the distance 
between the two phenyl rings in 1 is much 
shorter (turquoise coloured line) than the 
respective distance in 2, allowing the 
appearance of π-π type hydrophilic 
interactions in isomer 1 and not in 2.  

 
Tab. 2: Predicted characteristics (QikProp) and in vitro activity 

Compound 1 Compound 2
Predicted octanol/water partition 
coefficient (-2.0 -6.5) 

4.773 5.382 

Aqueous solubility (range-6.5-0.5) -2.809 -5.271 
MIC (µg/ml) M. tuberculosis 
strain MmpL3 mutant 

7.1 >100 

MIC (µg/ml) M. tuberculosis 
strain H37Rv 

24.1 >100 

 
The solid pharmacological formulations 
include various excipients, which both in 
acidic (0-3h, pH 1.2) and in neutral pH (3-8h, 
pH 6.8) environment facilitate the 
controlled/extended release of these two new 
bioactive substances. It becomes apparent 
from the release curves of compounds 1 and 
2, shown in  Figures 2 and 3, that the lactose 
formulant present in F1 tablets leads to a 
faster 100% release (180 min) than the PVP 
excipient in formulation F2 (240 min). The 
difference in the overall release profiles 
observed between the compounds 1 and 2 
(Figures 2 and 3) is possibly related to their 
respective degrees of lipophilicity. These 
differences are also corroborated by the 
values of the f1 and f2 factors (Table 3). 
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Fig. 2: Drug release of Compounds 1 and 2 in F1 
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Fig. 3: Drug release of Compounds 1 and 2 in F2 

 
Tab. 3: f1 and f2 indices for Formulation 1 and 2 

 F1 F2 
f1 81,49 68,42 
f2 12,40 17,32 

 
 

 
Fig. 4: Compound 1: 1,3-Bis[4-(2-morpholinoethoxy)phenyl]adamantane 

 

 
Fig. 5:Compound 2: 2,2-Bis[4-(2-morpholinoethoxy)phenyl]adamantane 
 
 

CONCLUSIONS 
Two new potent tuberculocidal compounds, 
albeit being more lipophilic than SQ109 (but 
within the acceptable limits for oral 
administration), showed a satisfactory 
controlled release profile, comparable to 
SQ109. Taking into account that the currently 
used medicines have limited efficacy against 
the rising threat of drug-resistant TB and 
significant side effects, new drug TB 
treatment with less frequent dosing and 
improved patient compliance, is very 
important. The information given herein on 
the comparison of these two new compounds' 
oral absorption profiles will be very useful in 
future in vivo studies. 
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INTRODUCTION 

For the bioavailability enhancement of low 
solubility drugs filamentary structures 
possessing large surface area, like nanofibers, 
are an excellent choice(1,2). Various methods 
are used to obtain nanofibres, among them 
electrospinning is one of the most popular(3). 
Fibers are formed from polymer dispersion 
which is forced with predetermined speed 
through a capillary tube placed under high 
voltage. The used polymers should be 
electrically charged or chargeable. The 
optimal surface tension is one of the critical 
parameters in fiber formation(4). Other 
important parameters for obtaining fibers of 
adequate diameter size are the optimum 
viscosity and surface tension of polymer 
dispersions.  
The aim of this experimental work was to 
prepare polymer dispersions from 
polyvinilpyrrolidone and polivinyl alcohol for 

further electrospinning process. 
Preformulation studies considering the 
physical and chemical properties of actives, 
the solubility of polymers and the preparation 
parameters were carried out to determine the 
optimum composition for fiber formation(5).  
 

MATERIALS AND METHODS 

Matherials 
Polyvinilpyrrolidone (PVP, Kollidon K90-F, 
BASF), polivinyl alcohol (PVA, Emprove 18-
88, Aldrich), Polysorbate 60 (Tween 60), 
citric acid monohydrate (Molar Chemicals, 
Hungary), ethanol (96% v/v%, Reanal, 
Hungary). 
A β1 receptor blocking agent, as a model 
drug, was selected from the 
biopharmaceutical classification system Class 
II. This model drug can be characterized with 
the following physicochemical properties: 
Mw < 500, pKa = 8.13, water solubility < 
0.5mg/ml, logP = 3.23. 

Preparation of drug stock hydro-alcoholic 
solution 
Diluted ethanol (1:1 volume ratio) was 
prepared by mixing 50 ml of ethanol with 50 
ml of distilled water. 50 mg model drug and 5 
ml diluted alcohol was measured into a 10.00 
ml volumetric flask. After the formation of 
latescent dispersion, 23 mg of citric acid 
monohydrate was added. The dispersion was 
carefully shaken until a clear solution was 
obtained, then the solution was diluted to 
10.00 ml with the solvent mixture. The model 
drug and citric acid were used in 1:1 
molecular ratio. 

Preparation of drug stock aqueous solution 
100 mg model drug, 800 mg Tween 60 and 
10 ml distilled water was measured into a 
20.00 ml volumetric flask. The mixture was 
shaken and heated to 30-40oC then diluted to 
20.00 ml with distilled water. 

Preparation of PVP/PVA dispersions 
PVP dispersions of 4, 8, 10, 15 % w/w 
concentrations from hydro-alcoholic solutions 
and PVA aqueous dispersions of 8, 9, 10, 15 
% w/w were prepared for fiber formation 
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process. Dispersions were prepared by the 
addition of the same amount of PVP/PVA and 
model drug stock solution and shaking by 
magnetic stirrer (Ikamag ret) for 10-15 
minutes at 300 rpm for the hydro-alcoholic 
solutions and for 1 h with at 300 rpm and 
heated to 80-90oC for the aqueous solutions, 
respectively. The viscosity was measured by a 
rotational viscometer Viscolead Adv R 
(Fungilab, Spain), conductivity with an 
electric conductivity meter Consort C835 
(Consort, Belgium) and the surface tension of 
the dispersion with a force tensiometer K100, 
(Krüss, Germany). 
Drug loaded nanofibers were prepared by 
electrospinning technique using a flow rate of 
0.3 mL/h (with an Alaris GH infusion pump). 
The syringe was connected to a 100 Sterican 
injection needle through a silicon tube. Fibers 
were collected after a 15 cm flight on a 
grounded square static sheet of 625 cm2 in 
area covered with an aluminium foil. Sheets 
with uniform diameter and thickness were 
obtained during 10 min continuous operation 
of the electrospinning apparatus. The applied 
voltage was 25 kV. 
Fiber formation was monitored with an 
optical microscope (Micro-Bresser LCD-
microscope, Germany).  
 

RESULTS AND DISCUSSION 
 

 
 
Fig. 1: Electrospinning apparatus and the obtained nanofibers of 
40x and 100x magnification 
 

It was impossible to obtain microfibers from 
PVP dispersion prepared with hydro-
alcoholic solution of the model drug. A 
droplet containing sample was collected on 

the surface of the foil after electrospinning 
which showed plastic behaviour. The optical 
microscopic photos also confirm the lack of 
fiber formation. 
The 15% aqueous PVA dispersion allowed 
micro/nanofiber formation which can be seen 
in the optical microscopic image of Fig. 1. 
 
Tab. 1: Physicochemical properties of PVP/PVA dispersions 
 

Polymer 
% 

w/w 

Viscosity 
(cP) ±SD 

Surface 
tension 

(mN·/m) 
±SD 

Conductivity 
(µS) ±SD 

PVP4 98.98 ±3.82 7.23 ±0.02 72.80 ±0.22 
PVP8 188.52 ±1.46 6.80 ±0.03 54.82 ±0.39 
PVP10 263.66 ±2.02 6.42 ±0.01 51.76 ±1.13 
PVP15 495.34 ±0.44 6.48 ±0.02 50.20 ± 0.25 
PVA8 72.64 ±1.55 9.8 ±0.01 98.8 ±0.2 
PVA9 166.78 ±1.705 9.41 ±0.02 96.30 ±0.13 

PVA10 469.26 ± 4.68 8.38 ±0.04 95.02 ±1.18 
PVA15 651.46 ± 1.63 7.89 ±0.02 86.6 ±0.15 

 
CONCLUSIONS 

PVA containing aqueous dispersions 
containing the selected model drug proved to 
be more adequate to form fibrous carriers 
than the PVA hydro-alcoholic dispersions. 
The results of the determined 
physicochemical characteristics indicate that 
fiber formation needs relatively high polymer 
concentration (15% PVA). This may be 
explained by the fact that nanofiber forms 
from the solid content of the dispersion, after 
solvent evaporation.  Critical parameters of 
fiber formation in case of electrospinning 
technique are the surface tension and 
conductibility. Critical parameter values 
decrease with the increase of polymer 
concentration to the starting point of fiber 
formation.  
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INTRODUCTION 

Matrix type formulations are one of the 
common types of delivery systems used for 
transdermal delivery. The current work (1) 
considers the original problem by Higuchi 
(2), the combination of drug delivery matrix 
and skin. The numerical model in this work is 
based on our previous study (3) (which was 
based on the work of Frenning (4)). 
Experimental evaluation and validation of the 
model was done with combination of silicone 
matrices and nude mouse skin or silicone 
membrane, due to availability the nude mouse 
skin was chosen for transdermal delivery and 
since the drug transport is relatively fast 
through all the layers of the skin.  
Modelling was used to find parameter values 
for the matrix systems, based on release 
studies, and for the membranes by an 
investigation of trans-membrane delivery 
from donor solutions. The parameter values 
for the individual parts of the system could 
then be compared to the parameter values of 
the combined systems.  
 

MATERIALS AND METHODS 

Silicone matrix-type systems were prepared 
by mixing the drug with the silicone before 
curing the silicone and donor solutions were 
mixed. Transdermal drug release and in vitro 
studies from donor solutions and silicone 
matrix systems were conducted with vertical 
Franz diffusion cells. 
A numerical model was constructed. The 
model was transient and did not require 
pseudo-steady state approximation. It was 
validated against experimental data for drug 
release from silicone matrices containing 
diclofenac sodium and ibuprofen sodium as 
embedded model drugs. 
The amount of drug release, Q, was 
calculated by the following equation (1): 
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where C(x,t) is the concentration of the 
dissolved drug [mg/cm3], S(x,t) is the 
concentration of the solid drug [mg/cm3], 
S0(x) is the initial solid drug concentration, D 
is the diffusion coefficient [cm2/h] and Q has 
the units [mg/cm2] and N denotes the total 
number of nodal subintervals.  
Alternatively it can be calculated as equation 
(2): 
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RESULTS AND DISCUSSION 

The mathematical model is the same as in our 
previous work (3) with the important addition 
of allowing different solubility values 
between layers. That results in discontinuous 
jumps in drug concentration (partition) across 
the interface between the layers. The model 
remains transient and can therefore be used to 
predict lag-times in addition to the drug flux 
for trans-dermal delivery. 
The donor solution drug release considers 
conditions where there are no diffusion 
limitations, contrary to the cases of drug 
incorporated silicone matrix systems. In Fig.1 
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(a-d) it is shown that the model can account 
for the increased lag time observed when the 
skin is added to the model. Good fit to 
experimental data is obtained except that the 
ibuprofen donor solution (see Fig.1 c)) 
deviates from the experimental data for the 
last two measured values, which can be 
explained by broken integrity of skin. 
 

 
 
Fig. 1 Amount of drug release for ibuprofen (a and c) and 
diclofenac (b and d) donor solution; comparison between 
numerical results (solid line) and experimental data (+) for two 
different layer configurations, for transport through rate 
controlling membrane (a-b) and skin (c-d). 

 
Fig.2 shows different cases chosen for 
comparison to experimental. Good fit is 
observed between numerical and 
experimental results for the two layered 
silicone matrices (Fig.2 a) and b)). Fig.2 c) 
shows a good agreement with the fitted model 
for drug matrix through skin and fig.2 d) 
shows that for the fitted model deviates for 
the last two measured experimental data, 
which again can be caused by broken 
integrity of skin.  
 

 
 
Fig. 2 Drug release and transdermal delivery from silicone 
matrices for ibuprofen (a and c) and diclofenac (b and d); 
Experimental data (+) fitted with the numerical model (solid 
line). 

CONCLUSIONS 

Here is presented a unified model that can 
predict the drug release of a drug loaded 
matrix systems, trans-membrane and 
transdermal delivery. The modelling approach 
is further illustrated by allowing the 
possibility of a donor solution. The results 
indicate that while the dissolution in the case 
of ibuprofen is close to being instantaneous, 
this is not so in the case of diclofenac. Thus it 
is not appropriate to apply the Higuchi model 
to diclofenac. The experiments and the 
numerical model outlined in this study could 
also be adjusted to more general formulations, 
which enhances the utility of the numerical 
model for development of drug-loaded 
matrices for trans-membrane and transdermal 
delivery. 
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INTRODUCTION 

Providing stable plasma level is a key 
question of the long term therapy of chronic 
diseases. Implantable drug delivery devices 
may provide controlled release for months 
which may be very advantageous in the 
treatment of psychiatric or neurodegenerative 
diseases or osteoporosis, especially if the API 
has poor bioavailability in the GI tract. 
Bisphosphonates are widely used drugs for 
osteoporosis treatment, but have poor oral 
bioavailability and severe side effects (1). It 
was confirmed that the use of controlled 
release microspheres may help to overcome 
their disadvantages (2). However, the difficult 
production process of microspheres may limit 
the industrial applicability.  
The aim of present study was the comparison 
of the mechanism and kinetic of the drug 
release from direct compressed, 
biodegradable and non-degradable 
implantable matrices.  
 

MATERIALS AND METHODS 

Materials 
Risedronate sodium was kindly gifted by the 
TEVA Pharmaceuticals Plc., Hungary. The 
non-degradable Halvic PVC powder and the 
lubricant calcium stearate were supplied by 
the Gedeon Richter Plc, Hungary. 
Biodegradable 1000 cP average viscosity and 
80% deacetyled chitosan was purchased from 
Heppe Medical Chitosan GmbH, Germany.  
 

Methods 
The experiments were performed according to 
a mixed 2 and 3 level factorial design, where 
the effect of the polymer, the compression 
force and the amount of the API was studied. 
 
Tab. 1: Tablet compositions 
 

Materials 
Biodegradable 

Non-
biodegradable 

CA-1 
(%) 

CA-2 
(%) 

CA-3 
(%) 

CA-4 
(%) 

Risedronate Na 10 40 10 40 
PVC - - 89 59 
Chitosan 89 59 - - 
Ca-stearate 1 1 1 1 

 
The powders were homogenized with a 
Turbula mixer (Willy A. Bachofen 
Maschienenfabrik, Switzerland), and 
compressed with a Specac hydraulic tablet 
press (Specac Inc, UK), applying 13 mm in 
diameter flat punches, manual filling and 
compression.  
50 ml pH 7.4 phosphate buffered saline 
solution was used as dissolution medium. The 
continuous flow of the medium was ensured 
with an Alithea-XV (Alithea, Sweden) 
peristaltic pump using 2 ml/min flow rate. 
The medium was periodically renewed to 
keep concentration gradient. 
The dissolution was evaluated according to 
the Korsmeyer Peppas eq.  
 

Mt/M0=ktn 
 
where M0 is the initial drug amount in the 
matrix, Mt is the drug amount at the given 
time k is the dissolution rate constant and n is 
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the shape parameter regarding the diffusion 
mechanism. 
The matrix-drug interactions were studied 
with an Antaris II NIR spectrometer 
(ThermoFisher Scientific, USA). 
 

RESULTS AND DISCUSSION 

The results revealed significant differences 
between the behaviors of the two polymers. 
Chitosan exhibited poor compressibility and 
the mechanical properties of the tablets were 
poor while the use of PVC resulted in robust 
tablet formulation (Fig. 1). Nevertheless both 
composition exhibited elastic properties 
which resulted in increasing porosity (Fig. 2) 
and accelerated drug release rate (Fig. 3) at 
high compression forces.  
 

 
 
Fig. 1: Breaking hardness of PVC (left) and chitosan (right) 
tablets 
 

 
 
Fig. 2: Porosity of PVC (left) and chitosan (right) tablets 

 
The PVC tablets remained intact during the 
one week dissolution process and the rate of 
dissolution is basically determined by the 
porosity of tablets. In contrast the chitosan 
matrices desintegrated  completely in a few 
hours, inducing a burst release of the drug in 
the initial stage of dissolution. However, the 
dissolution process was not completed after 
the disintegration, and a further dissolution 
was detected even after the complete renewal 
of the dissolution medium. This indicates that 

the API is entrapped in the chitosan flakes 
due to a strong interaction. 
Since there was no sign of interaction in the 
NIR spectra of the products in dry form, it 
can be assumed that a hydrogen bond is 
forming between the acidic API and the 
amino side chains of the polymer during the 
dissolution process. 
 

 
 
Fig. 3: Drug dissolution curves of different samples 

 
CONCLUSIONS 
The results confirmed that both matrix 
systems may be applicable for long term 
bisphosphonate delivery. Nevertheless, the 
drug dissolution rate is better controllable for 
PVC matrices, where the texture remained 
intact during the whole dissolution process. 
Although the chitosan matrices have the 
advantage of complete degradation and the 
entrapment of the API is remarkable way for 
the modification of the release rate, but the 
initial burst effect increases the risk of tissue 
ulceration. 
Nevertheless, with a detailed understanding 
of the binding mechanism and a further 
optimization of the production process of the 
chitosan matrix, the better utilization of the 
matrix-drug interaction would be a promising 
way to ensure long-term bisphosphonate 
therapy.  
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INTRODUCTION 

Topical therapy is often preferred to oral drug 
administration in the treatment of cutaneous 
superficial fungal infections. Most topically 
administered drugs do not have the ability to 
penetrate the stratum corneum. It is well 
known that terbinafine hydrochloride is 
poorly soluble in water what causes poor 
dissolution and eventually leads to poor 
penetration. The therapeutic efficacy of a 
topical formulation depends on both the 
nature of the vehicle and the physicochemical 
properties of the active substance (1). Taking 
this factor into consideration, microemulsions 
as the colloidal vehicle systems offer very 
good conditions for the fast and deep 
penetration of biologically active substances 
into the skin layer (2). 
The objective of this work was to study the 
effect of various types of chitosan gels and 
their mixtures with O/W microemulsion on 
the release of antifungal drug – terbinafine – 
through dialysis membrane in vitro. 
Microemulsion has been used as potential 
drug delivery vehicle to improve the 
solubility of terbinafine. 

MATERIALS AND METHODS 

Materials 
Terbinafine hydrochloride (TerHCl) was 
obtained from Zentiva s.r.o. Chitosan 
(medium molecular weight, MMW, 
Brookfield viscosity 200,000 cps) and oil 
phase were obtained from Sigma-Aldrich 
Chemie GmbH (Steinheim, Germany). 
Glycerol, Tween 80, isopropanol and 
glutaraldehyde were purchased from 
Centralchem s.r.o, (Bratislava, Slovakia). 
Dialysis membranes were purchased from 
Spectrum Laboratories, Inc. (Netherlands).  
 
Methods 
Preparation of gels 
Two different types of chitosan gels were 
prepared at 1-2.5% concentrations of chitosan 
in Acetate buffer solution with pH 4.  
Additionally, a type “A” contained 10% of 
glycerol and isopropyl alcohol in 0,1% and  
type “B” was made up of 10% of Tween 80 
and glutaraldehyde in 0,1%. TerHCl was 
incorporated into the formulations at 1% 
concentration.  
 
Preparation of microemulsion chitosan gel 
samples 
The microemulsion composed of rosemary 
oil, water, and Tween80 as surfactant was 
prepared. The appropriate amounts of 
terbinafine, microemulsion and chitosan gel 
were weighed in the ratio 0.5: 1: 4. 
Terbinafine was added in a concentration of 
1%.  
 
In vitro release of drug  
The release of terbinafine from different 
chitosan gels and their mixtures with 
microemulsion was determined by using 
Franz diffusion cells with cellulose dialysis 
membrane (M.W.C.O. 12000–14000). The 
artificial membrane was mounted between the 
receptor and donor compartments. The donor 
compartment was charged with 1.2 g of 
samples. The receptor compartment was filled 
with volume of Phosphate Buffered Saline 
(PBS, pH 7.4) which was maintained at 
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37±0.5 °C. The system was maintained 
throughout the experiment at 37°C. Samples 5 
ml were withdrawn at intervals of 15, 30, 45, 
60, 90, 120, 180, and 360 min, the volume of 
each sample was replaced by the same 
volume of fresh buffer to maintain constant 
volume, samples were analyzed for 
terbinafine content spectrophotometrically at 
λmax = 223 nm (UV spectrophotometer  
Philips, PV 9652 UV/VIS, Great Britain). 
 
RESULTS AND DISCUSSION  

The physical and chemical properties of 
formulated dosage form were modified in 
order to become stable and suitable for 
application. Prepared dispersions of drug in 
the topical formulations with O/W 
microemulsion were appropriate in terms of 
solubilization and rheological pro-perties. 
Figure 1 shows the comparison of released 
amounts of terbinafine from all types of gels 
of various concentrations and their mixtures 
with microemulsion after 6 hours. 
As evident from the figure, pure chitosan gels 
„A“ type  which contained glycerol and 
isopropyl alcohol had higher percentage of 
terbinafine released compared to samples 
(type “B”) with content of Tween 80 and 
glutaraldehyde. In the case of chitosan gels 
"A" type, an admixture of microemulsion had 
positive effect on release drug from samples 
with higher concentration of chitosan. 
However, in the case of chitosan gels "B" 
type, higher amount of drug was released 
from pure chitosan gels with lower 
concentration of chitosan. The highest 
amount of terbinafine was released from 2% 
chitosan gel „A“ type containing 
microemulsion. Because of the 
microemulsion acts as a reservior for poorly 
soluble drugs, generally this effect is 
attributed to the higher solubility of 
terbinafine in microemulsions, creating higher 
concentration gradient towards the 
membrane.  
 

 
 
Fig. 1: The released amounts of TerHCl from two types of 
chitosan gels and their mixtures with ME after 6 h. 

 
CONCLUSIONS 

It can be concluded that the pure chitosan gels 
„A“ type  which contained glycerol and 
isopropyl alcohol had higher percentage of 
terbinafine released compared to samples 
(type “B”) with content of Tween 80 and 
glutaraldehyde. The highest amount of 
terbinafine was released from 2% chitosan gel 
„A“ type containing microemulsion. 
Microemulsion had positive effect on the 
liberation of drug from chitosan gels 
containing glycerol and isopropyl alcohol 
(type “A”) with higher concentration of 
chitosan.  
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INTRODUCTION 

Orodispersible tablets (ODT) are innovative 
dosage forms. The most important parameters 
of ODT are disintegration time (DT) and 
tensile strength (TS) (1). These parameters 
have to be balanced well, so the ODT would 
disintegrate in mouth quickly and they would 
not need a specialized packing.  
In this research work, the focus was placed on 
disintegration time and its promotion. New 
excipient on the basis of micronized silica, 
Syloid 244 FP EU (2), was used as a glidant. 
ODT were prepared by direct compression of 
the granular powders made by fluid bed 
granulation process from different starches. 
 
MATERIALS AND METHODS 

Materials 
Potato starch (PS) (Škrobárny Pelhřimov, 
Czech Republic) and corn starch (CS) 
(Roquette, France) were used as fillers. 
Croscarmellose (CMC) or sodium starch 
glycolate (SSG) (Primellose®, Primojel® 

resp., generously gifted by DFE Pharma, 
Germany) respectively, were used as 

superdisintegrants. PVP (Kollidon® 25, 
BASF, Germany) served as a binder for 
formulation. Micronized silica (SY) (Syloid® 

244 FP EU, generously gifted by Grace, 
USA) was used as glidant.  

Methods 
Mixture of starch and superdisintegrant 
(10 %) was prepared. Granular powders were 
produced in UniGlatt fluid bed granulator 
(Glatt GmbH, Germany) in a batch size of 
approximately 550 g, with the use of Kollidon 
25 (10% aqueous solution). Four batches 
were prepared – CS CMC, PS CMC, CS SSG, 
PS SSG (Table 1): 

 
Table 1: Composition of formulations 

 
The granular powders (Figure 1) were mixed 
with a glidant (0.5 %) and pressed into tablets 
having the mass 0.1 g and the diameter 7 mm 
on material testing machine T1 FRO 50 
(Zwick/Roell, GmbH, Germany). Tablets 
were pressed with different compression 
force, to have the same innitial tensile 
strength of 1 MPa. (Table 2): 
 
Table 2: Compression force of different batches 
 

Batch 
Compression force 

(kN) 

CS CMC SY 3.00 
PS CMC SY 5.00 
CS SSG SY 3.00 
PS SSG SY 2.00 

 

Granular powders, as well as the mixtures of 
granular powders with Syloid 244 FP EU, 
were evaluated for the angle of repose 
(Granulate tester ERWEKA GTB, Erweka 
GmbH, Germany), Hausner Ratio and 
compressibility index (Tapped density tester 
ERWEKA SVM 102, Erweka GmbH, 
Germany), the particle size distribution 

# CS PS CMC SSG PVP

PS SSG - + - + + 
PS CMC - + + - + 
CS SSG + - - + + 
CS CMC + - + - + 
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(Vibratory sieve shaker RETSCH AS200 
basic, Retsch GmbH, Germany) and the water 
content by loss on drying (Moisture analyzer 
PRECISA XM 60, precision 0.001 g, Precisa, 
Switzerland). The mass (Analytical balance, 
precision 0.1 mg, HR 120, A&D, Japan), the 
diameter and the height of tablets were 
estimated as well as the strenght (Tablet tester 
SCHLEUNIGER 8M, Pharmatron AG, 
Switzerland) and the disintegration time 
(Tablet disintegration tester ERWEKA ZT 
301, Erweka GmbH). 
 

RESULTS AND DISCUSSION 

Tablets were measured for disintegration time 
and for tensile strength after 24 hours. As can 
be seen from data listed in Table 3, 
 

 
 
Figure 1: Microscopic picture of granules PS SSG produced by 
fluid bed granulation. 
 

Batch PS SSG SY showed the shortest DT. 
Tablets compressed with SY as a glidant can 
be produced with compression force from 2 to 
5 kN (as showed in Table 2), and they are 
possessing satisfactory tensile strength 24 
hours after compression. Namely batches PS 
CMC SY and PS SSG SY showed the best 
results with satisfactory TS and DT ratios 
(Figures 2.a and 2.b). 
 
Table 3: Tablet parameters 

Batch TS (MPa) DT (s) 

CS CMC SY 0.77 79.00 
PS CMC SY 1.07 81.83 
CS SSG SY 0.70 70.33 
PS SSG SY 0.62 34.83 

 
Figure 2.a: Tensile strength (TS) of produced tablets 

 

 
Figure 2.b: Disintegration time (DT) of produced tablets 

 
CONCLUSIONS 

Experimental data confirmed, that tablets 
with micronized synthetic amorphous silica 
gel (Syloid 244 FP EU), which was used as a 
glidant in the formulation, is efficient 
replacement of classic glidants, such as 
magnesium stearate. Influence of Syloid 244 
FP EU on tablet disintegration will further 
studied. 
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INTRODUCTION 

Parenteral dispersions containing lecithin as 
an emulsifing/solubilizing and particle 
forming agent (emulsions, liposomes, mixed 
micelles and others) are quite well 
structurally and physicochemically 
characterized (1-3), but toxicological aspects 
of these formulations are still not fully 
explained. 
The purpose of the study is to give an insight 
into the biological properties of different 
lecithin dispersions (5% aqueous lecithin 
dispersions – WLDs and Vesicular 
Phospholipid Gels – VPGs) intended for 
parenteral administration. 
 
MATERIALS AND METHODS 
 

Preparation of WLDs 
Unbuffered (WLD-UNB) and buffered 
(WLD-PCB) WLD formulations were 
prepared. In the process egg lecithin (5%, 

Lipoid E80) and glycerol (2.4%) were 
dispersed (1h, 60°C) and homogenized (8 
cycles, 500 bar), in water or in phosphate-
citrate buffer (PCB), respectively. 
Dispersions were filtered (0.45 µm), 
dispensed into glass vials in a nitrogen 
atmosphere and sterilized by autoclaving 
(121°C, 15 min). 
 

Preparation of VPGs  
Egg lecithin was used also to prepare four 
types of semisolid implants: VPG-A (40% of 
E80), VPG-B (20% of E80 + 10% of 
lipospheres made of Precirol and Miglyol 
812; ratio 8:2), VPG-C (40% of E80 + 10% 
of Miglyol 812) and VPG-D (20% of E80 + 
20% of Miglyol 812). Lipid substances were 
mixed at room temperature (12000 rpm/5 
min, Ultra-Turrax) with the aqueous phase 
composed of glycerol (1.6%) and phosphate 
buffer (pH 7.4), dispensed into glass vials and 
thermally sterilized as described above. 
 

Formulation analysis 
WLDs and VPGs were observed visually and 
microscopically using optical microscope 
(Nikon Eclipse 50i). 
Physicochemical tests of all dispersions 
comprised of: pH and osmotic pressure 
determination and the measurement of 
lecithin particles size (d(0.5)) using a laser 
diffractometer (Mastersizer E). 
 

Cytotoxicity studies 
For cytotoxicity determination only WLD 
formulations were used. 
Two types of cell lines: the human 
promyelocytic leukemia (HL-60) and the 
human embryonic kidney 293 (HEK-293) cell 
line were used.  
The count and the viability of the cells were 
analysed by means of 2 independent tests: 
flow cytometry (Muse Cell Analyzer, Merck 
Millipore) and MTT assay. HEK-293 and 
HL-60 cells were seeded at a density of 
5×103 or 5×104 cells/well and treated with 
the WLDs diluted with water to the 
concentration of 0.01-25.0% (v/v). After 24 h 
of exposure, the cells were harvested and 
prepared using the Muse Count and Viability 
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Kit (Merck Millipore) or MTT (0.5 mg/ml) 
was added to the media and the cells were 
incubated for 3h at 37°C. The absorbance of 
the formazan solution was measured at 570 
nm.  
 

Toxicity in vivo 
In this study only VPGs formulations (type 
A-D) were used. Each lecithin gel was 
injected (150 µl) into the muscles of 4 thighs 
of 2 rats. As the control formulation sterile 
MCT oil (Miglyol 812) was used. The 
implantation site was observed for local 
inflammatory reaction (edema, redness and 
pain) during 24 h, 72 h, 7 days or 14 days and 
after that time the rats were euthanized and 
the thigh muscles, liver and lungs were 
isolated. The quantity and the nature of 
inflammatory cells as well as all lesions were 
evaluated histologically. 
All the experiments were performed with the 
approval of the Local Animal Ethics 
Committee. 
 
RESULTS AND DISCUSSION 

The prepared WLDs were liquid and white to 
cream-coloured, while VPGs were semisolid 
and cream to yellow coloured. Microscopic 
analysis revealed in all tested formulations 
the presence of phospholipid vesicles, which 
structure and size depended on the dispersion 
composition. Differences in physicochemical 
properties of lecithin dispersions are 
summarized in Tab. 1. 
 
Tab. 1: Properties of lecithin formulations. 
 
Formulation 
type 

pH 
Osmotic pressure 

[mosmol/kg] 
Lipid particles 
size d(0.5) [µm] 

WLD-UNB 5.4 328 0.38 
WLD-PCB 5.6 610 0.28 
VPG-A 6.9 298 5.9 
VPG-B 6.8 322 6.0 
VPG-C 6.7 311 6.1 
VPG-D 6.9 313 9.7 

 
Cytotoxicity tests indicated that both WLD-
UNB and WLD-PCB formulations had small 
and similar toxic effect against the cell lines 
(it was impossible to determine IC50 value 
using MTT assay test). HL-60 cells were 
more sensitive to the harmful influence of 

WLD than HEK-293 line and WLD-UNB 
caused greater reduction in the number of 
cells of HL-60 line than buffered formulation 
(WLD-PCB) – Fig. 1.  
 

 
 
Fig. 1: Influence of WLD formulations on the viability of HL-60 
cell line. 

 
Preliminary in-vivo toxicity studies 
(application for 24 h) indicated that lecithin 
dispersions (in the form of VPGs) can be used 
as safe semisolid implants for i.m. 
administration. Macro- and micro-scopic 
examination did not reveal any significant 
inflammatory reaction in the site of injection. 
 
CONCLUSIONS 

The study indicated that dispersions of 
lecithin (WLDs and VPGs) can be considered 
as safe and biocompatible carriers for 
parenteral administration. 
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INTRODUCTION 
Chitosan (CS) microparticulate drug carriers 
have gained particular attention in the 
pharmaceutical technology, owing to ability 
to assure prolonged drug release profile, 
enhance drugs’ bioavailability or reduce 
toxicity of active agents (1). In order to 
prevent too rapid disintegration of CS 
microparticles matrix and improve their 
mechanical properties, chemical or ionic 
crosslinking is usually practised (2). 
However, any modification of CS structure 
may alter its unique biological characteristic. 
Therefore, the aim of this work was to 
investigate whether ion crosslinking with β-
glycerophosphate disodium (β-GP) - a 
nontoxic agent capable of interacting with 
chitosan through electrostatic forces (3) - 
influences mucoadhesive and antifungal 
properties of CS microparticles. Multunit 
solid dosage forms with unmodified CS (232 

kDa, 80% deacetylation degree, Heppe 
GmbH) or β-GP/CS designed for vaginal 
delivery were produced by the spray drying 
method. Clotrimazole (CLO) - an imidazole 
derivative was applied as model agent. 
Microparticles mucoadhesive properties 
(maximum detachment force Fmax, and work 
of adhesion Wad) were studied using texture 
analyser (4) and antifungal activity - by plate 
diffusion method (5). 
 

MATERIALS AND METHODS 

Microparticles preparation 
Microparticles were prepared by using a 
Bűchi Mini Spray Dryer (Bűchi) with two 
drug/polymer mass ratios (1:4, 1:3), different 
crosslinking agent/polymer ratios (1:3, 1:2, 
1.5:2) and two concentrations of chitosan 
solution (0.5 or 1.0% (w/v)). During 
preliminary studies, the experimental 
parameters of the spray drying were set as 
follow: inlet temperature 155°C, outlet 
temperature 92°C, aspirator flow 37m3/h, 
spray flow 600l/h and feed flow 1.5ml/min. 
SEM analysis (Hitachi SH 200) of 
microparticles was accomplished after gold 
sputter coating (6.0nm).   

Mucoadhesive properties determination 
TA.XT.Plus Texture Analyser (Stable 
Microsystems) equipped with 5kg load cell 
was used for mucoadhesion test. Fresh 
porcine vaginal mucosa tissue (from 
veterinary service of local slaughterhouse) 
was fixed to an upper probe with 
cyanoacrylate glue and lowered with a 
constant speed of 0.5mm/s onto the 
microparticles (50mg) (wetted with 30µl of 
acetate buffer pH 4.5) placed into 
mucoadhesion rig A/Muc. After keeping a 
contact time for 100s (contact force 0.5N), the 
two surfaces were separated at a constant rate 
of 0.1mm/s. Fmax was recorded directly from 
Texture Exponent 32 software and Wad was 
calculated from the area under the force 
versus distance curve.  
Antifungal efficacy of selected drug-free 
microparticles with unmodified CS or β-
GP/CS (placebo P3, P6, P10), drug-loaded 
microparticles (F3, F6, F10) and suitable 
controls was determined using the modified 
plate diffusion method with strain of Candida 
parapsilosis ATTC22019, Candida krusei 
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ATCC6528 and two clinical strains of C. 
albicans according to CLSI (6). After 24h 
incubation of suitable amount of 
microparticles (reffered to 2mg of CLO) at 
37°C, antifungal activity was evaluated as the 
mean of inhibition zones (mm) around each 
well. 
 

RESULTS AND DISCUSSION 
Prepared microparticles (F1-F10) were 
spherical in shape and their size ranged from 
0.93 to 6.33µm (Tab. 1). 
Tab. 1: Characteristics of chitosan (CS) and β-GP/CS 
microparticles with clotrimazole (CLO) (mean ± SD, n = 3). 

a) Production yield=product yield/total weight of components in feed 
solution x100; b) Encapsulation efficacy=CLO loading/ theoretical CLO 
loading x100; c) actual drug content/weight of powdered microparticles 
x100, assessed by HPLC method (mobile phase methanol: phosphate 
buffer pH 7.4 (4:1, v/v), flow rate:1.0ml/min, UV detection:210nm, CLO 
retention time 5.5min) 

The drug loading were found to decrease with 
rising the amount of β-GP in microparticles. 
Nevertheless, by increasing crosslinking ratio, 
the microparticles with lower diameter and 
more smooth surface were obtained (Fig.1). 
 

 
Fig. 1: Representative SEM images of CLO-loaded 
microparticles prepared with: (A) 1% unmodified CS (F7); (B) 
β-GP/CS 1:3 (F8); (C) β-GP/chitosan 1:2 (F9); (D) β-GP/chitosan 
1.5:2 (F10); original magnification x20000. 
 

Mucoadhesive studies revealed that all 
formulations exhibited mucoadhesive 
properties and the strength of mucoadhesive 
bond increased with increasing the 
concentration of polymer in the formulation 
(Fig. 2). No significant differences in Fmax 
between microparticles with unmodified CS 
and β-GP/CS were found. A drop in Wad 

observed for β-GP/CS micropartices might be 
a result of more intact particles’ surface. 

 
Fig. 2: Box-plot graphs presenting mucoadhesive properties: (A) 
Fmax, (B) Wad of microparticles F1-F10 and control (cellulose 
paper) (n=6). 
 

All tested placebo microparticles inhibited 
growth of Candida cultures although 
differences in sensitivity among tested strains 
were noticed (Tab. 2). Formulations with 
CLO exhibited only slightly stronger 
antifungal activity in comparison to drug-free 
microparticles. Surprisingly, no significant 
differences between unmodified CS and β-
GP/CS formulations were observed.  
 
Tab 2:  Inhibition zone diameter (mm) of placebo and CLO-
loaded microparticles with unmodified CS (P7/F7) or  β-GP/ CS 
(P8/F8, P10/F10) (n=3). 

Formulation 
Inhibition zone diameter (mm) 

C. 
parapsilosis*  

C. 
krusei*  

C. 
albicans** 

C. 
albicans** 

Control 

CLO/ 
DMSO 

50 ± 1 51 ± 2 40 ± 1 35 ± 1 

Placebo microparticles 
P7 20 ± 2 25 ± 2 10 ± 2 11 ± 2 

P8 24 ± 2 28 ± 2 13 ± 2 12 ± 1 

P10 22 ± 1 27 ± 3 13 ± 1 12 ± 1 

CLO-loaded microparticles 
F7 23 ± 2 28 ± 2 13 ± 1 12 ± 2 

F8 27 ± 1 28 ± 1 14 ± 1 12 ± 1 

F10 25 ± 3 29 ± 3 13 ± 1 13 ± 2 

*) REFERENCE STRAINS; **) CLINICAL STRAINS 
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5. Szymańska E, Winnicka K, Wieczorek P, Sacha PT, 
Tryniszewska EA, Influence of unmodified and beta-glycero-
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Micro-
particles 

βGP:CS 
ratio 

(m/m) 

CLO:CS 
ratio 

(m/m) 
Y (%)a EE (%)b 

CLO 
loading 

(%)c 
0.5% (w/v) chitosan solution 

F1 - 1:4 66.5±1.8 58.6±7.1 11.7±3.2 
F2 1:2 1:4 80.5±1.9 67.4±3.5 9.6±2.8 
F3 - 1:3 55.5±2.4 62.9±11.5 15.7±4.2 
F4 1:2 1:3 81.5±1.4 65.7±1.9 11.9±0.9 

1.0% (w/v) chitosan solution 
F5 - 1:4 75.4±1.3 59.5±3.1 11.9±2.8 
F6 1:2 1:4 78.0±1.6 58.2±3.9 8.3±2.7 
F7  - 1:3 73.5±0.9 67.2±9.1 16.8±4.1 
F8 1:3 1:3 78.8±1.2 59.6±0.9 11.9±2.7 
F9 1:2 1:3 79.5±1.1 73.2±9.0 13.3±3.2 

F10  1.5:2.0 1:3 80.6±1.9 68.4±11.3 10.9±2.1 

A) B) 
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INTRODUCTION 

Oral films (OF) are relatively new dosage 
forms for the delivery of drugs via oral cavity 
or oromucosal route (1). Orodispersible films 
(ODFs) are a sub-class of OFs designed to 
rapidly disintegrate and release the drug 
instantly when placed onto the tongue. The 
optimal use of plasticizers in combination 
with polymer matrices is highly desired to 
obtain films with acceptable physico-
mechanical properties in terms of 
homogeneous texture, uniform appearance 
and flexibility. For instance, inadequate or 
excessive use of plasticizer in films may lead 
to improper film formation, partial or full 
phase separation eventually leading to poor or 
unacceptable quality. In addition, 
disintegration time of ODFs is important as it 
may significantly affect drug release and 
thereafter absorption and bioavailability. 
Thus, the combination of polymers and 
plasticizers play a critical role in the 
preparation of ODFs.  

The objectives of the present study were 
therefore to investigate the effect of different 
plasticizers (glycerol, vitamin E TPGS and 
triacetin) and concentrations (10 – 30%) on 
the plasticization and film forming ability of 
pullulan by a thorough understanding of the 
correlation of thermo-mechanical properties 
and macro/microscopic surface morphology. 
 
MATERIALS AND METHODS 
 

Materials 
Pullulan was obtained from abcr Gmbh & 
co.KG, Germany. Glycerol and triacetin were 
purchased from VWR chemicals, Sweden. D-
α-Tocopherol polyethylene glycol 1000 
succinate (vitamin E TPGS) NF grade was 
received as a gift sample from Antares health 
products Inc, Germany. Fluoropolymer 
coated polyester film (Scotch pack release 
liner 1022) was received from 3M Inc, USA. 
The water used in all experiments was 
ultrapure collected freshly from a Millipore 
water system (Milli Q), Sweden. 
 

Methods 
Films were prepared by the solvent casting 
process.  Pullulan-plasticizers film casting 
mass (10% w/w of solids) were considered. 
Films were casted on a release liner using an 
automated film applicator equipped with a 
coating knife (Coatmaster 510, Erichsen, 
Sweden). A fixed wet mass thickness (500 
µm) and casting speed (5 mm/sec) were used. 
The casted films were dried for 6 hrs at 
ambient temperature (21 ± 3 °C) and stored in 
a desiccator (23 °C / 40 % RH) simulating 
normal room storage conditions. 
MDSC and Texture analyser were used to 
determine the Tg and mechanical properties 
(tensile strength, Young´s modulus and 
elongation at break). Disintegration time of 
films was evaluated by modified Petri dish 
method (2). The surface morphology and 
ultrastructure of films was evaluated in SEM 
after sectioning by freezing and sputter 
coating with gold. ATR - FTIR studies were 
used to obtain a molecular level 
understanding of films. 
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RESULTS AND DISCUSSION 

A total of 9 different films were made which 
showed varying physical appearance. The 
highest elongations (very flexible films) were 
observed in glycerol-plasticized pullulan 
films at 20% w/w content. The other 
plasticizer resulted in poorly elongating films 
with the best results evidenced at low 
plasticizer content. In terms of tensile strength 
and regardless of the material, low content of 
plasticizer was associated with stronger films. 
All of the films disintegrated within one 
minute with no significant differences. ATR-
FTIR spectra of pullulan alone and different 
plasticizer blend films shows characteristic 
molecular interactions. SEM micrographs 
also revealed microstructural differences in 
pullulan – plasticizer films.  
 

 
 
Fig. 1: Pullulan, pullulan – 10% glycerol, pullulan – 20% 
glycerol, and pullulan – 30% glycerol (Bottom to top) 
 

 

 
 
Fig. 2: Direct mechanical test results for Elastic Modulus  
G= Glycerol, TP= vitamin E TPGS, TA= Triacetin 

 

 
 
Fig. 3: SEM micrographs of pullulan films containing 30% of 
plasticizer (a and b) Glycerol, (c and d) Vitamin E TPGS, and (e 
and f) Triacetin. Figures on the left (a, c, and e) represent a 
general overview of cross sections and a partial view of the 
surface (scale bars 50 µm). Figures on the right (b, d, and f) 
represent a close-up of the cross section view (scale bars 10 µm). 
 

CONCLUSIONS 

We have systematically investigated 
plasticization behaviour of pullulan films with 
three different plasticizers in the 
concentration range applicable for 
pharmaceutical oral film applications. The 
MDSC, SEM and ATR-FTIR studies had 
provided fundamental basis and molecular 
understanding of plasticization of pullulan 
films. The present study revealed that 
glycerol is a suitable plasticizer and a 
concentration of 20 – 30 % w/w is necessary 
to obtain acceptable physico-mechanical 
properties. However, none of the plasticizers 
affected the film disintegration. Thus, our 
study provides important insights for the 
selection of proper plasticizer and 
concentrations in the manufacturing of 
pullulan based oral films. These findings shall 
be informative for designing pharmaceutical 
formulations with pullulan.   
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INTRODUCTION 

The primary objective of our work was to 
implement Quality by Design (QbD) 
principles to RP-HPLC method development 
for the analysis of dissolution samples of 
immediate release tablets.  
Tablets of interest contain one active 
pharmaceutical ingredient which is practically 
insoluble in water, slightly soluble in acetone 
and ethanol and freely soluble in DMSO and 
DMF. It can be classified as a BCS class II 
molecule. 
 

MATERIALS AND METHODS 

Firstly, generic fishbone with Critical Method 
Variables and Critical Method Attributes was 
prepared. Mobile phase composition (% ACN 
in the mobile phase and buffer pH), Flow 
Rate, Column temperature, Injection volume 
and Detection Wavelength were identified as 
Critical Method Variables. Retention time, 
Tailing Factor, Theoretical Plates Number, 
SST Standard Recovery and Peak height were 
defined as Critical Method Attributes. The 
requirements for Tailing Factor, Theoretical 
Plates Number, SST Standard Recovery and 
Peak height were in line with common 
method validation specifications. The 

requirement for Retention time was set to a 
range between 0.4 - 0.8 minutes in order to 
have a run time of 1 minute. For Initial Risk 
Assessment, the estimation of Method 
Variable risk was made through a semi-
quantitative method, using traffic lights color 
table.  
In order to evaluate influence of the Critical 
Method Variables on Critical Method 
Attributes, Design of Experiment (DoE) study 
was done. Commercialy available statistical 
software JMP® 12.0.1 was used for DoE 
selection,  statistical analysis, model building 
and evaluation. 
Experimentally obtained data was statistically 
analyzed using multiple linear regression 
method and significant cause and effect 
relationship was identified. Factors with p-
values <0.05 were considered statistically 
significant and important for model prediction 
accuracy. Prediction Profiler platform was 
used for the simulations based on fitted 
models. 
 

RESULTS AND DISCUSSION 

Method Attributes Tailing Factor and SST 
Recovery were robust inside tested ranges of 
parameters. 
Statistically significant factors for Retention 
time and Theoretical plates number were 
Mobile Phase B and Flow rate. For 
Theoretical plates number significant factor 
was also Injection volume. 
Statistically significant factors for Height 
were Injection volume, Flow rate and Wave 
length. 
 

CONCLUSIONS 

Based on the DoE study results, updated Risk 
assessment was prepared. 
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INTRODUCTION 

Trans-retinoic acid (tretinoin, TRE) is a 
natural retinoid widely used in proliferative 
and inflammatory skin diseases, such as 
psoriasis, acne vulgaris, striae, disorders of 
keratinization and epithelial skin cancer due 
to its ability to regulate epithelial cell growth 
and differentiation, sebum production and 
collagen synthesis. Unfortunately, its topical 
use is limited by its poor water solubility and 
photolability Indeed, TRE is known to be 
susceptible to degradation by light, heat, and 
oxidizing agents and, under light exposure, it 
is rapidly isomerized, forming 13-cis and 9-
cis retinoic acids. In order to overcome all 
these drawbacks, nanoparticulate drug 
delivery systems, which include liposomes, 
niosomes, nanocapsules, solid lipid 
nanoparticles, and nanoemulsions, have been 
used widely (1, 2, 3). 
Nanoemulsions are nano-sized emulsions, 
which are manufactured for improving the 
delivery of active pharmaceutical ingredients. 
These are the thermody-namically stable 
isotropic system in which two immiscible 
liquids are mixed to form a single phase by 
means of an emulsifying agent, i.e., surfactant 
and co-surfactant. The droplet size of 

nanoemulsion falls typically in the range 20–
200 nm (4). 
The aim of this study was to evaluate the 
influence of drug solubilization in 
nanoemulsions on its in vitro and ex vivo 
release and on the drug deposit in the skin. 
 
MATERIAL AND METHODS 
Tretinoin (VWR International GmbH, 
Darmstadt) was solubilized in prepared 
nanoemulsions NE1 and NE1G (the composition 
is shown in Tab. 1) before incorporation in the 
Carbopol gel. In comparative gels binary 
mixture of ethanol (96%) and propylene glycol 
(1:1) was used for drug dissolution. In vitro 
release studies, such as ex vivo permeation 
studies were carried out using Franz diffusion 
cells fitted either with dialysis membrane 
Spectra/Por® or porcine ear skin. As a medium 
in receptor compartment ethanolic solution 
(purified water and ethanol 96%, 1:1) was used. 
Gel samples containing 2% of tretinoin were 
placed in donor compartment for six hours. In 
certain time intervals the solution from the 
receptor compartment was withdrawn. Drug 
concentration was determined spectrophoto-
metrically. The second part of the experiment 
was focused on determination of drug deposit in 
the skin. The permeation membrane (skin) 
was dismantled after 6 hours. The remaining 
gel outside the skin was carefully removed, 
and then the skin was cleaned (5). The treated 
skin was then cut into small pieces (2.66 cm2 

± 0.015), and the drug in the skin was 
extracted by homogenization with 15 ml of 
propylene glycol. Finally, the tissue samples 
were centrifuged at 3000 rpm for 1 hour. The 
supernatants were filtered and then analyzed 
using spectrophotometer. 
 
Tab. 1 Composition of the nanoemulsions 
 

 NE1 
(%) 

NE1G 
(%) 

isopropyl myristate 16.0 16.0 
Tween 80 26.5 25.9 
isopropyl alcohol 26.5 26.5 
purified water 31.0 31.0 
gelatine - 0.60 
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INTRODUCTION 

The shortcomings of cancer chemotherapy, 
i.e. the adverse toxicity and resistance of 
cancer cells, revealed the need for the 
association of current chemotherapeutic 
agents with more effective and safer drugs or 
natural products that are able to increase 
tumor cytotoxicity of the chemotherapeutic 
agent and reduce its toxic effects to normal 
cells. In this context, there is a significant 
increase of the scientific interest in the use of 
natural products. Curcumin (CUR; 1,7-bis(4-

hydroxy 3-methoxy phenyl)-1,6-heptadiene-
3,5-dione), a diphenolic compound extracted 
from the rhizome of turmeric (Curcuma 
longa), is a natural phytochemical compound 
which has received considerable attention in 
cancer prevention and cancer therapeutics. 
The research concerning the use of CUR in 
cancer chemoprevention and therapy are of 
interest due to its ability to influence a diverse 
range of molecular targets within cells and 
due to its lack of toxicity in animals or 
humans (1).  
The present study was aimed at co-
encapsulating curcumin and a cytotoxic drug, 
doxorubicin (DOX), in liposomes with long 
circulating properties (LCL), in order to 
obtain a synergistic effect in terms of 
cytotoxicity against C26 murine colon 
adenocarcinoma cell line. 
 

MATERIALS AND METHODS 

Materials 
1,2-dipalmitoyl-sn-glycero-3-phosphocholine 
(DPPC), N-(carbonyl-
methoxypolyethylenglycol-2000)-1,2-
dimyristoyl-sn-glycero-3-
phosphoethanolamine (PEG-2000-DSPE) 
(Lipoid GmbH, Germany), cholesterol 
(CHOL) (Sigma-Aldrich, Germany), 
curcumin (Sigma-Aldrich, Germany), 
doxorubicin (Sigma-Aldrich, Germany). All 
other reagents used were of analytical grade. 
 

Methods 
Preparation of liposomes  
The unloaded liposomes were prepared by the 
film hydration method. Briefly, DPPC, PEG-
2000-DSPE and CHOL were dissolved in 
ethanol. The lipid mixture contained 40 mM 
phospholipids and a 10:1 phospholipids to 
CHOL molar ratio. The obtained solution was 
transferred to a round bottom flask and the 
organic solvent was removed in a rotary 
evaporator at 45°. The resulting lipid film was 
hydrated with phosphate buffered saline 
(PBS, pH=4.5) and kept under continuous 
stirring at 45°C.  
CUR-LCL, DOX-LCL and CUR/DOX-LCL 
were prepared by employing the same method 
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of preparation. In these cases, CUR was 
added to the lipid mixture, and subsequently 
dissolved in ethanol, while DOX was 
dissolved in PBS and added after the lipid 
film had formed.  

Physicochemical characterization of the 
liposomes 
The size and polydispersity index (PdI) of the 
liposomes were determined by dynamic light 
scattering, using a Zetasizer Nano ZS. The 
Zeta potential was measured for the same 
samples by laser Doppler electrophoresis, 
with the same instrument. The concentrations 
of entrapped CUR and DOX were assessed by 
HPLC analysis. 

Proliferation test 
The proliferation assay was done through an 
ELISA test which consisted in measuring the 
incorporation of 5-bromo-2’-deoxyuridine 
(BrdU) during the DNA synthesis by a 
colorimetric method (2).  
 

RESULTS AND DISCUSSION 

Preparation of liposomes 
All liposomal formulations were 
characterized in terms of size, size 
distribution, Zeta potential and entrapment 
efficiency (EE) as shown in Table 1. 
 
Tab. 1: Size, PdI, Zeta potential and EE for unloaded and loaded 
liposomes. 
 

Liposomal 
formulation 

Size (nm) PdI 
Zeta potential 

(mV) 
Unloaded LCL 175.7±0.25 0.105±0.01 -43.1±2.44 
CUR-LCL 180.1±2.26 0.092±0.01 -51.9±0.57 
DOX-LCL 161.6±2.98 0.118±0.03 -39.9±0.50 
CUR/DOX-LCL 193.8±0.55 0.073±0.01 -44.4±0.85 

 
According to the data, the co-encapsulated 
liposomes were slightly bigger than the 
unloaded ones and the single-drug-loaded 
liposomes. The liposomal formulations 
showed a relatively narrow size distribution 
as indicated by the low PdI values. All 
samples had a negative surface charge and 
good stability as Zeta potential values were 
lower than -30 mV.  
The EE was higher for CUR than for DOX in 
all cases. The percentages of entrapped drugs 
were 88.31% and 29.88% in CUR-LCL and 

DOX-LCL, respectively. In CUR/DOX-LCL, 
EE was almost 100% for CUR and 
approximately a quarter for DOX. 

Proliferation test 
According to the results, the free drugs 
significantly inhibited the cells’ proliferation 
at concentrations ranging between 10 and 30 
μM for CUR and from 0.05 to 0.25 μM for 
DOX. Within these dose ranges, CUR 
produced an inhibition of approximately 25-
75% and DOX of approximately 10-75%. The 
two substances were also tested in 
combination. In this regard, 10 μM or 20 μM 
CUR was incubated with different DOX 
concentrations within the previously 
mentioned dose range. According to data, at 
10 μM concentration, CUR substantially 
enhanced the cytotoxic effect of DOX. Also, 
the tested liposomes showed a higher 
antiproliferative effect than that of free CUR 
and DOX. 
 

CONCLUSIONS 

The overall results show that CUR/DOX-LCL 
may be a possible and efficient means of drug 
delivery for chemotherapy, but further 
research is undergoing in order to optimize 
the formulation of liposomal CUR and DOX. 
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INTRODUCTION 

Vitamins are organic compounds, required as 
nutrients in small amounts. Fat soluble 
vitamins (A, D, K and E) and coenzyme Q10 
(CoQ10) are required for a wide variety of 
physiological functions: visual perception, 
cellular differentiation, calcium and 
phosphate homeostasis, blood coagulation, 
immune function and antioxidant activity. 
Their deficiencies are associated with 
increased risk of many diseases (1). Current 
awareness that high stress lifestyle, unhealthy 
diet, alcohol consumption and smoking are 
associated with vitamin deficiencies has 
recently led to increased use of vitamin 
supplements, which are available as 
medicines or nutritional supplements in 
various dosage forms (2). However, 
supplements can be unstable due to the 
intrinsic instability of the vitamins, resulting 
in a decrease in vitamins content after the 
preparation has been opened (3, 4). 
Manufacturers therefore often add vitamins 
overage as an approach to ensure the content 
of the label claim. Since fat soluble vitamins 
are stored in the body, their excessive intake 
poses a risk for toxicity and therefore need to 
be controlled (5). We aimed to evaluate the 
content of these vitamins in different 

medicines and nutritional supplements, after 
manufacture and storage at different 
temperatures in order to verify correct intake 
and accuracy of the label claim. 
 
MATERIALS AND METHODS 

Materials and samples 
All selected standards: vitamin E, vitamin E-
acetate, vitamin A-palmitate, β-carotene, 
vitamin D3, vitamin K1 and CoQ10, as well as 
HPLC grade hexane, acetonitrile (ACN) and 
tetrahydrofuran (THF), were purchased from 
Sigma-Aldrich (Steinheim, Germany). 
Veterinary medicinal products, medicines and 
nutritional supplements in various dosage 
forms (capsules, tablets and oral drops) were 
tested. All preparations are commercially 
available in Slovenia and contain one or more 
fat soluble vitamins and CoQ10. 
 

Sample preparation and stability study 
After opening, samples were prepared in 
triplicate and analysed to obtain the initial 
content of the vitamins. The samples were 
stored in their original containers in Vötsch 
VC 4034 climatic chambers (Reiskirchen-
Lindenstruth, Germany) at 25°C and 40°C, 
and analysed at different time points to assess 
long-term isothermal stability. 
Liquid preparations: liquid preparations were 
directly injected into the HPLC-UV system or 
diluted with mobile phase, sonicated for 10 
min and vortexed for another 2 min prior to 
the analysis. Capsules: one capsule was cut 
opened, quantitatively transferred into flask 
(10-100 mL) and filled with hexane to the 
mark. The samples were sonicated for 10 min. 
0.5 mL of the hexane solution was dried in a 
stream of nitrogen at 40°C and reconstituted 
with mobile phase (1.0-2.0 mL) prior to 
analysis.  
Tablets: one tablet was placed in a centrifuge 
tube and dissolved in 2.0 mL of 0.1% H3PO4, 
followed by vortexing for 5 min. Hexane was 
added (8.0 mL) to the samples, which were 
then sonicated for 10 min and vortexed for 
another 2 min. The solutions were centrifuged 
for 10 min at 4130×g. The supernatant (1.0 
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mL) was dried and reconstituted with mobile 
phase (1.0 mL) prior to analysis.  
 

HPLC-UV analysis  
Vitamins contents were measured according 
to a validated method using Agilent HPLC 
Series 1100/1200 instrument (Santa Clara, 
USA) equipped with a diode array detector. 
Chromatographic separation was performed 
on a reversed-phase Luna C18 column (150 × 
4.6 mm, 5 µm, Phenomenex, Torrance, USA) 
with mobile phase consisting of 
ACN:THF:H2O (50:45:5, v/v) at a flow rate 
of 1 mL/min. Detection was carried out at 270 
nm. 
 
RESULTS AND DISCUSSION 

Most of the examined preparations, especially 
medicines, had higher contents than the label 
claim when the products were first opened. 
Initial contents relative to the value claimed 
on the label ranged from 95-150% for 
medicines and 30-150% for nutritional 
supplements, which are not regulated as 
strictly as medicines. Stability was assessed 
under two isothermal conditions: 25°C 
(representing ambient temperature) and 40°C 
(as temperature that can be reached in the 
summer). In general, vitamins content 
gradually decreased at a rate that was 
dependent on the formulation and storage 
temperature. A representative example (Fig. 
1.) shows that the decline in vitamin A-
palmitate content is temperature dependent 
(higher at 40°C) and greater in liquid 
preparations compared to tablets, thus 
confirming that solid preparations are 
advantageous over liquid formulations 
(higher stability and consequently longer 
periods of usability). This trend was also 
noted for other vitamins and other dosage 
forms. A correlation was observed between 
initial contents and stability in the 
preparations. Stability in liquid formulations 
was found concentration dependent; more 
stable veterinary oral drops have about 10 
fold higher vitamin A-palmitate content 
compared to oral drops (Fig. 1). In general, 
the overage in the tested preparations 

guaranteed vitamins content > 90% of the 
amount claimed on the label for the time 
needed to consume them, if used at 
recommended doses.   
 

  
 
Fig. 1: Decline in vitamin A-palmitate content in different 
medicines: veterinary oral drops (1), oral drops (2) and tablets 
(3) after two months of storage at 25 and 40°C. 

 
CONCLUSIONS 

Most of the examined preparations had higher 
vitamins content than the label claim, 
presumably to compensate for loss during 
production and storage. Differences between 
determined and labelled content were 
significantly higher in nutritional 
supplements. The decline in vitamins content 
was found temperature and formulation 
dependent. 
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INTRODUCTION 

Among all the drug administration routes, the 
oral one is the most preferred by the patients 
being less invasive, faster and easier. 
Oral drug delivery systems designed to target 
the intestine are produced by powder 
technology and capsule formulations. Those 
systems including micro- and nano-
particulate systems (i.e. vesicles, polymer 
nanoparticles, dendrimers etc.) suffer the non-
unidirectional release of the drug to the 
epithelium of the intestine, which entails an 
inevitable loss in the lumen and, therefore, the 
reduction of the drug delivered to the 
intestinal epithelium. A new promising 
approach focuses on reservoir based 
microdevices serving as carriers for poorly 
soluble drugs, hereby called microcontainers 
(1).  
Microcontainers have a cylindrical geometry 
and provide a unidirectional release due to 
their design meanwhile protecting the drug 
formulation from the low gastric pH and the 
enzymatic degradation. Here, we present the 
preparation of microcontainers with enteric 
coating (2) efficiently loaded with drug and 
able to target the intestine as a multi-
particulate system.  
 
 

 

MATERIALS AND METHODS 
25 x 25 array of microcontainers were 
fabricated (Figure 1a) on a Silicon chip as 
previously described (1) implementing a 
sacrificial layer in polyacrylic acid (PAA) 
(Mw = 100 kDa, Sigma-Aldrich) (3). This 
allows the release of the microcontainers 
from the Silicon support upon PAA 
solubilisation in deionized water (Figure 1d). 
Microcontainers on the PAA layer were filled 
with polyvinylpyrrolidone K10 powder (Mw 
= 10 kDa, Sigma-Aldrich) removing the 
excess with compressed air. 
Polymer filled microcontainers (Figure 1b) 
were then impregnated with ketoprofen 
(Sigma-Aldrich) by means of supercritical 
impregnation technology (100 Bar, 40 °C for 
1 hour), as previously shown (4). 
Drug loaded microcontainers were coated 
through a nickel shadow mask (5) using a 
solution of Eudragit L100® 2% w/V (Evonik 
Mw = 125 kDa) with Dibutylsebacate 5% 
w/w (Sigma-Aldrich) as plasticizer in 2-
propanol. The Eudragit film was deposited on 
top of the microcontainers (Figure 1c) via 
spray coating (Sonotek, U.S.). 
Microcontainers were released from the 
supporting layer by dissolution of the 
underlying PAA layer in DI water at pH = 
3.25 (Figure 1d). Containers were then 
poured in dialysis tubes and inserted in 
Biorelevant gastric medium (pH = 1.65) – 
FaSSGF for 2 hours at 37 °C. The same tubes 
were subsequently placed in Biorelevant 
intestinal medium (pH = 6.5) – FaSSIF for 6 
hours at 37 °C. 
Samples were prelevated during ketoprofen 
release (Figure 1e) and analysed by means of 
UV-Spec at = 259 nm (NanoDrop, Thermo 
Scientific). 

Fig. 1: Scheme of the process. 
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RESULTS AND DISCUSSION 

Microcontainers with PAA layer were 
successfully loaded by supercritical 
impregnating PVP K10 with ketoprofen using 
pressured CO2 as a solvent (Figure 2a). Drug 
loaded microcontainers were coated with 
Eudragit L100® to avoid the drug being 
released in the gastric medium (Figure 2b) 
since the polymer is not dissolved in the 
gastric fluid (pH = 1.65, fasted state) while it 
is quickly solubilized upon reaching the 
intestinal, less acidic, environment. 
 

 

 
 
Fig. 2: SEM picture of drug loaded microcontainer: (a) before 
and (b) after the Eudragit L100® coating. 

 
Due to the underlying PAA layer we 
successfully detached the microcontainers 
from the silicon support through immersion in 
deionized water (pH = 3.25) for about 2 
minutes. The PAA layer is dissolved releasing 
the containers.  
Ketoprofen is released differently between 
coated and uncoated microcontainers as 
shown in Figure 3. 
After 2 hours at pH 1.65 approximately 70% 
of ketoprofen is released from the uncoated 

microcontainers while less than 20% is 
released from the coated microcontainers. 
At pH 6.5 coated and uncoated 
microcontainers released the drug with very 
similar profiles. Coated microcontainers 
showed a burst release as soon as the pH was 
changed, proving the fast dissolution of both 
the Eudragit L100® and the impregnated PVP 
containing the drug.  
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Fig. 3: Ketoprofen dissolution profiles represented as cumulative 
release (%); the evident difference between the black and the red 
profiles defines the efficacy of the enteric coating preventing the 
drug to be released in the acidic pH (before 120 min). 

 
CONCLUSIONS 

Microcontainers fabricated on a sacrificial 
PAA layer were successfully used as drug 
carriers for the targeted release of ketoprofen 
in the intestine.  
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INTRODUCTION 
Owing to the lack of own charges, sucrose 
esters (SEs) are non-ionic, biocompatible, 
surface-active molecules, made of natural, 
easily biodegradable raw materials, such as 
sucrose and fatty acids (1). The established 
low skin sensitization potential and proposed 
skin penetration enhancement have led to the 
increased research interest in the SEs' topical 
application.  
Highly dynamic character and low interfacial 
tension of the bicontinuous microemulsions 
(MEs) make them potentially suitable 
vehicles to penetrate epithelial tissue and to 
reach the therapeutic level of non-steroidal 
anti-inflammatory drugs (e.g. aceclofenac) in 
the skin/systemic circulation (2). Topical 
aceclofenac (AC) application may have 
several potential benefits, such as ease of 

application, enhanced stability, decreased side 
effects, and avoidance of first-pass 
metabolism as well the enhanced patient 
compliance (3). 
However, penetration of drugs across the 
Stratum Corneum (SC) highly depends on the 
ME structure, as well as on the drug 
localization in the ME. In this sense, it should 
be quite challenging to investigate AC 
localization in the SE-based bicontinuous 
ME. 
 

MATERIALS AND METHODS 

Materials 
AC was obtained from Jinan Jiaquan 
Chemical Co. Ltd, China. Sucrose laurate D-
1216 (SL) and sucrose myristate C-1416 
(SM) were generously donated by Mitsubishi-
Kagaku Foods Corporation (Tokyo, Japan). 
Solutions of SEs in chloroform were prepared 
to have ~1 mM concentration. 
Methods 
Inner structure of MEs was evaluated using 
NTEGRA prima Atomic Force Microscope 
(NT-MDT, Russia). 
Surface pressure-area isotherms were 
recorded on a computer-interfaced Langmuir 
trough (R&K, Potsdam, Germany) equipped 
with a Wilhelmy balance at 20 ± 0.1 °C. 
Phosphate buffer pH 7.4 or AC solutions in 
phosphate buffer were used as a subphase.  
Infrared reflection-absorption spectra (IRRA 
spectra) were recorded on a Vertex 70 FT-IR 
spectrometer (Bruker, Ettlingen, Germany). 
In this work, we used the spectra obtained 
with s-polarized light and an incidence angle 
of 40°. 
 

RESULTS AND DISSCUSION  
As shown in Fig. 1, atomic force micrographs 
represent the structure of bicontinuous MEs 
with intertwining oil and water phases.  
 

 
Fig. 1: AFM 2D error signal and 2D topography images showing 
the structures of the samples: (A) SE-based ME; and (B) AC 
loaded SE-based ME. 
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Fig. 2 shows time-dependent surface pressure 
for AC adsorbed films at the liquid-air 
interface for different concentrations of drug 
in the bulk phase. These results indicated that 
AC, as an amphiphilic molecule, is surface-
active and was adsorbed at the liquid-air 
interface in a concentration-dependent 
manner.  

 
Fig. 2: Time-dependent surface pressure for AC adsorbed films 
at liquid-air interface at 20 °C. 
 

Furthermore, when the same volume of each 
SE solution was spread on the subphases 
containing different AC concentrations, both 
molecules – SE and AC – were present at the 
interface, as can be observed due to increase 
in surface pressure immediately after 
spreading precise volume of chloroform SE 
solution (Fig. 3).  

 

Fig. 3: A) Time-dependent surface pressure at liquid-air 
interface at 20 °C after spreading SEs on 0.5 and 1.0 mM AC 
solution in the bulk phase, B) Surface pressure-area isotherms of 
SEs, SL-AC and SM-AC monolayers after spreading SEs on 
phosphate buffer, 0.5 and 1.0 mM AC solution in phosphate 
buffer at 20 °C. 
 

This confirms that AC molecules filled the 
gaps between surfactant molecules, which 
were still in the liquid-expanded phase. 
Interestingly, the larger mean molecular area 
of SM in comparison to that of SL could 
indicate a partial dissolution of SL into the 
subphase. 

Furthermore, we performed stability 
experiments, in which the monolayer was 
compressed to a particular surface pressure. It 
is evident that SEs monolayers were more 
stable when AC was present in the subphase 
(Fig. 4). 

 

Fig. 4: The stability of SEs monolayers spread on different 
subphases: phosphate buffer, 0.5 and 1.0 mM AC solutions at 
different surface pressures. 
 

In addition, asymmetric methylene stretching 
frequencies > 2924 cm-1 on IRRAS spectra 
(data not shown) confirmed that SEs were in 
the liquid-expanded state in all investigated 
monolayers. However, band frequency shift 
of about 1–2 cm-1 to lower wavenumbers 
indicated increasing alkyl chain order of 
surfactant when drug was adsorbed. 
 

CONCLUSIONS 
Due to the molecular structure of AC and 
SEs, as well as drug solubility in the 
formulations (3), we confirmed our 
hypothesis regarding AC localization: drug 
will be mainly solubilized at the interface of 
bicontinuous MEs. This phenomenon led to 
the improved stability of SE monolayers at 
the air-liquid interface and increased the order 
of SE acyl chains. 
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INTRODUCTION 

Poly-ε-caprolactone is biocompatible and 
biodegradable polymer which is commonly 
used in pharmaceutical applications i.e. drug 
delivery, implants and scaffolds (1). It is 
obtained in ring opening polymerization 
process, proposed mechanism of this reaction 
includes initiation stage employing molecules 
containing hydroxyl groups and metalorganic 
catalyst (2). During reaction the bond 
between initiating molecule and polymer 
backbone is formed. Proposed polyester 
degradation mechanism assumes slow 
hydrolytic cleavage of polymeric chains (3). 
When molecular weight of macromolecules 
reach about 3000 Da, cellular mechanisms of 
degradation are involved in biodegradation of 
the polymer molecule. After polymeric 
material implantation, presence of PCL in 
macrophage and giant cells phagosomes was 
observed (4). In our study we attempted to 
obtain drug-polymer conjugate which will be 
delivered into specific cell, where active 
ingredient will be released. In order to obtain 
such conjugate, model antimicrobial drugs 
were used as reaction initiator. Monomer to 

initiator ratio effect on product molecular 
mass was determined in order to asses 
reaction parameters which will result in 
product of desired properties. Physical 
properties of conjugate material similar to 
pure polymer properties will allow 
preparation of conjugate nanoparticles in 
procedures developed for pure polymer (5). 
 
MATERIALS AND METHODS 

Materials 
Tin-2-octoate, ε-caprolactone and active 
pharmaceutical ingredients were purchased 
from Sigma Aldrich (Poland), THF for 
HPLC, dichloromethane and methanol were 
purchased from Chempur (Poland). 
ε-caprolactone was stored over calcium 
hydride and distilled under reduced pressure 
prior use, tin-2-octoate was distilled under 
reduced pressure prior use. Other reagents 
were used as received without further 
purification. 
 

Conjugate synthesis 
Polymerization reaction catalysed by tin(II) 
2-ethylhexanoate and initiated by model 
drugs, i.e. acyclovir were performed in three 
necked flask equipped with magnetic stirrer 
and reflux condenser. Reactions were 
conducted under nitrogen atmosphere. 
Product was purified by dissolving in 
dichloromethane and precipitated by cold 
methanol. 
 
Conjugate characterization 
Structure of obtained conjugates was 
confirmed by FTIR analysis on Nicolet iS50 
apparatus and 1HNMR analysis on Bruker 
Shield apparatus. Molecular weights were 
measured with gel permeation 
chromatography on Thermo Scientific HPLC 
set, model Ultimate 3000, equipped with 
Phenogel 103 A column. Column was 
calibrated on polystyrene standard. 
Differential scanning calorimetry (DSC) 
analysis was performed on Polyma 214 
apparatus. 
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RESULTS AND DISCUSSION 

Obtained in reaction initiated by acyclovir 
polymer-drug conjugate structure was 
confirmed by FTIR (Fig. 1) and 1HNMR (Fig. 
2) analysis. Figure 1 contains spectra of pure 
polymer (A) and acyclovir conjugate (B). 
Peaks derived from acyclovir molecule are 
best seen in area of 1500-1700 cm-1, 
 

 
Fig. 1: FTIR spectra of synthesized conjugate (B) and reference 
polymer (A) 

 
Proton magnetic resonance spectra of 
obtained molecule is presented in figure 2, 
low intensity of acyclovir protons peaks is 
linked with significantly larger polymeric part 
of conjugate in comparison with drug subunit. 
 

 
Fig. 2: 1HNMR spectra of synthesized conjugate with protons 
assigned to corresponding peaks. 

 
Measured by GPC molecular weights of 
samples suggests dependence between 
monomer/initiator ratio and polymer 
backbone length. DSC analysis do not reveal 
essential differences between pure and 
conjugated polymer physical properties. 
 

 

CONCLUSIONS 

Drug-polymer conjugate synthesis in one step 
polymerization reaction is possible with use 
of model drugs as initiating agents. Molecular 
weight of obtained samples suggest good 
reaction control, which allows to obtain 
polymer chains of desired molecular weight. 
According to assessed physical properties 
synthesized product is similar to pure 
polymer. 
 
REFERENCES 
 
1. Woodruff, M. A., Hutmacher, D. W. The return of a forgotten 

polymer—Polycaprolactone in the 21st century. Prog. Polym. 
Sci. 2010; 35: 1217–1256. 

2. Storey, R. F., Sherman, J. W. Kinetics and mechanism of the 
stannous octoate-catalyzed bulk polymerization of 
ε-caprolactone. Macromolecules 2002; 35: 1504–1512. 

3. Labet, M., Thielemans, W. Synthesis of polycaprolactone: a 
review. Chem. Soc. Rev. 2009; 38: 3484–3504. 

4.  Woodward, S. C., Brewer, P. S., Moatamed, F., Schindler, A., 
Pitt, C. G. The intracellular degradation of poly (ε-caprolactone). 
J. Biomed. Mater. Res. 1985; 19: 437–444. 

5.  Ravi, P. R., Vats, R., Dalal, V., Gadekar, N., Aditya, N. Design , 
optimization and evaluation of poly-ε-caprolactone (PCL) based 
polymeric nanoparticles for oral delivery of lopinavir. Drug Dev 
Ind Pharm 2013; 9045: 1–10. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

299 

DEVELOPMENT 
AND EVALUATION 
OF SOME TOPICAL 
MICROEMULSIONS 
FOR LORATADINE 
DELIVERY  
 
L. Vlaia1,*, G. Coneac1, I. Olariu1,          
A.M. Muţ1, V. Vlaia1, D. Lupuleasa2 
 
1„Victor Babeş” University of Medicine and 
Pharmacy, Faculty of Pharmacy, Eftimie Murgu 
Square no. 2, 300041, Timişoara, Romania 
2„Carol Davila” University of Medicine and 
Pharmacy, Faculty of Pharmacy, Traian Vuia 
Street no. 6, Bucharest, Romania 

 

 

 

 

INTRODUCTION 

Loratadine (LRT), a tricyclic piperidine 
derivative of second generation 
antihistamines intended for the treatment of 
allergies, is currently administrated by oral 
route, although its oral bioavailability is poor 
and produces various adverse effects. [1] 
Consequently, in the treatment of skin 
disorders characterized by localized allergic 
reactions, the dermal route is more suitable 
for drug delivery than the oral one. LRT is a 
good candidate for dermal delivery, due to its 
low molecular weight (382.88 Da) and high 
lipophilicity (log P 5.2). However, the poor 
skin penetration and water-solubility of LRT, 
limit its topical application. To address these 
limitations, several strategies were 
investigated in the recent years. [2-4]       
The aim of the present investigation was to 
study the feasibility of some new developed 
microemulsions (ME) and microemulsion-gel 
systems (MEG) as vehicles for topical 
delivery of loratadine (LRT). 
 

MATERIALS AND METHODS 

Materials 
Loratadine was kindly donated by S.C. 
Laropharm S.R.L (Romania). Solutol HS 15 
(macrogol 15 hydroxystearate), Cremophor 
RH 40 (PEG-40 hydrogenated Castor Oil) 
and isopropyl myristate (BASF Chem Trade 
GMBH, Germany), Lauroglycol 90 
(propyleneglycol monolaurate), Capryol 90 
(propylene glycol monocaprylate) and 
Labrasol (caprylocaproyl macrogol-8 
glycerides) (Gattefossé, France), Lansurf 
SML 20 and Lansurf SMO 80 
(polyoxyethylene (20) sorbitan monolaurate 
and monooleate respectively), Lansurf OA14 
(macrogol 600 monooleate) and Lansurf 
CO12 (castor oil 12 ethoxylate) (Lankem 
L.t.d., UK), Captex 355 (caprylic/capric 
triglyceride), Captex 500 (triacetin) and 
Caprol MPGO (polyglyceryl-3 oleate (and) 
polyglyceryl-10 mono/dioleate) (Abitec 
Corporation, USA) were received as gift 
samples. Castor oil was supplied by S&D 
Chemicals (India). All other chemicals and 
reagents were of pharmaceutical or analytical 
grade and were used without further 
purification. Tuffryn HT synthetic 
hydrophilic membranes of polysulfone (0.45 
μm, 25 mm) were supplied by Pall 
Corporation (USA). Double-distilled water 
was used throughout the study.  

Methods 
The solubility of LRT in oils, surfactants and 
cosurfactants was evaluated to identify the 
components of the microemulsion. The oil 
phase was selected based on the maximum 
drug solubilizing capacity, the surfactant on 
its capacity to solubilize LRT and oil, while 
the cosurfactant on the basis of its efficiency 
to provide the microemulsion area. The 
microemulsion existence ranges were defined 
by the pseudoternary phase diagrams, 
constructed using the novel Phase Diagram 
by Micro Plate Dilution method. From the 
L/H microemulsion and L/H microemulsion-
gel regions of the diagram constructed for the 
systems containing Captex 355, Cremophor 
RH40/Capryol 90 3:1 (w/w) and water, six 
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formulations were selected. The studied MEs 
and MEGs containing 0.5% LRT were 
assessed for globule size, zeta potential, 
polydispersity index, drug content, pH, 
rheological properties and in vitro drug 
release through synthetic membrane. 
 
RESULTS AND DISCUSSION 

The microemulsion region in the pseudo-
ternary phase diagrams increased with the 
increase in surfactant concentration of Smix 
from 1:1 to 3:1 (Fig. 1), possibly due to 
progressive reduction of the interfacial 
tension.  

    
Fig. 1. Pseudo-ternary phase diagrams of systems composed of 
Captex 355 (oil phase), Cremophor RH 40 (surfactant), Capryol 
90 (cosurfactant) and water at Smix 1:1 (a) and 3:1 (b)  
 
From Tab. 1 it can be observed that the 
droplet diameter decreased considerably 
when the MEs content in oil and Smix were 
15-20% and 40-50% respectively, most 
probably because the Smix effects (namely, 
condensation and stabilisation) on the 
interfacial film were the most intense for the 
respective contents. The negative values of 
the zeta potential indicate the MEs stability 
(Tab. 1).  
 
Tab. 1: Mean droplet size, polydispersity index and zeta 
potential of the LRT MEs and MEGs. 

Formulation 
code 

Droplet 
size 

(nm) 

Polydispersity 
index 

Zeta 
potential 

(mV) 
ME LRT 1 228,3±0,13 0,221 -1,02±0,05 
ME LRT 2 59,9±0,18 0,255 -0,87±0,08 
ME LRT 3 67,6±0,42 0,234 -1,49±0,12 

MEG LRT 4 33,3±0,38 0,290 -1,57±0,09 
ME LRT 5 117,8±0,51 0,274 -1,00±0,06 

MEG LRT 6 32,9±0,20 0,252 -2,72±0,14 

 
The in vitro release study results (Fig. 2, Tab. 
2) suggested the influence of the MEs 
composition and viscosity on the permeation 
and release parameters of LRT. 
 

 
Fig. 2. In vitro loratadine permeation profiles through synthetic 
membrane from ME and MEG formulations (mean±SD, n=3) 
 
Tab. 2: The permeation and release parameters of the LRT-
loaded formulations through synthetic membranea 

Formulation 
code 

Permeation parameters Release 
parameters 

Js (μg/cm2/h) tL (h) k  
(μg/cm2/h1/2) 

ME LRT 1 203,35±1,40 (0-3 h) 0,12±0,12 628,78±8,72 
ME LRT 2 163,01±4,84 (0-3 h) 

52,16±3,25 (3-6 h) 
0,08±0,24 

- 
480,82±3,71  
216,10±6,02 

ME LRT 3 41,25±0,87 (1-5 h) - 136,04±4,33 
MEG LRT 4 86,89±1,34 (0-3 h) 

11,56±1,79 (3-6 h) 
- 

203,26±6,95  
48,78±8,23 

ME LRT 5 197,46±5,20 (0-2 h) 
24,98±5,69 (2-7 h) 

0,07±0,36 
- 

574,66±8,43  
99,96±9,26 

MEG LRT 6 78,10±1,21 (0-4 h) 0,11±0,05 249,34±4,71 
           a Js: steady-state flux; tL: lag time; k: release rate 

 
CONCLUSIONS 

The optimal formulations were considered the 
ME-LRT1 and ME-LRT2, containing 
loratadine 0.5%, Captex 355 (10% and 20% 
respectively), Smix (3:1) Cremophor RH40 - 
Capryol 90 (70% and 60 respectively) as they 
conducted to the highest flux values. Also, the 
formulation MEG-LRT4 showed a high 
transfer of loratadine, although its content in 
oil and Smix was relatively low (15% and 50% 
respectively).  
The results suggest the potential use of 
developed MEs and MEGs as vehicles for 
topical delivery of LRT. 
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INTRODUCTION 

Using reference standards (RS) in the 
pharmaceutical analysis is one of the key 
factors for quality assurance of medicines 
throughout their life cycle. To ensure 
comparability and reproducibility of a test 
result, officially recognized RS, such as 
pharmacopoeial RS, should be used. Besides 
of globally accepted requirements, RS should 
reflect particular needs of the pharmaceutical 
sector. Therefore, the proper development, 
implementation, and maintenance of the 
system of RS with a focus on demand of 
Ukrainian consumers are issues of great 
importance for the State Pharmacopoeia of 
Ukraine (SPU). Certification of RS should 
comply with contemporary requirements of 
ISO 9001, ISO 17025, ISO 34, GLP, GMP, 
and leading Pharmacopoeias. By the ISO, the 
processes needed for product realization, in 
particular for RS certification, have to be 
thoroughly developed and documented. 
Quality management system (QMS) should 
be built so that it can provide ongoing 

traceability of all interrelated processes and 
be capable of managing and improving them, 
immediately react on changes, prevent risks 
and mitigate their impact. Thereby, the 
purpose of our work was to develop an 
appropriate approach to and standardize 
procedure of certification of SPU RS so that 
SPU RS continuously meet global and 
national up-to-date requirements. 
 
RESULTS AND DISCUSSION 

Since SPU RS have to correspond with needs 
of their users, we determined and analysed 
needs of the pharmaceutical sector relating to 
providing and using RS. It was found there is 
a need for official RS, absent in 
Pharmacopoeia monographs (predominantly 
for quality control of generic medicines). 
Furthermore, drug manufacturers often have a 
need for applications of RS not specified in 
existing Pharmacopoeias (alternative 
procedures, “guard bands” and so on). Along 
with that, globally recognized RS of the 
leading Pharmacopoeias, such as European 
Pharmacopoeia (EP) and the 
U.S. Pharmacopoeia (USP), are suitable only 
for the use prescribed in relevant monographs 
or general chapters of their Compendia. EP 
and USP state they are not responsible for 
other applications of RS even though their RS 
may be used in tests and assays not described 
in Pharmacopoeias. Their standard practice is 
that before releasing a new EP or USP RS, a 
monograph comes out first. Such state of 
affairs does not fully satisfy manufacturers, in 
particular, Ukrainian ones. So SPU made a 
decision to certify SPU RS by customers’ 
requests even if monographs have not been 
issued yet. The solution meets customers’ 
demands in providing official RS. To 
effective manage and improve the process of 
certification we elaborated an algorithm of 
certification as well as procedures and 
schemes for all primary and supportive sub-
processes inclusive of their cross-function and 
decision points.  The recommended procedure 
for the certification of SPU RS is shown in 
Fig. 1. All requests are subjected to serious 
consideration of suitability and capability of 
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broadening the use of SPU RS for all cases 
individually. Attention is also paid to the 
updated regulatory requirements, necessary 
facilities, costs, and other information.  If 
possible, the certification of SPU RS is 
conducted. Requisite quality and means to 
achieve an established goal are planned and 
documented in a technical project. 
 

 
Fig. 1: Scheme for the certification of reference standards of the 
State Pharmacopoeia of Ukraine 
 

If necessary, a candidate material is prepared. 
Certification of RS is performed following a 
technical project and standard operating 
procedures. It comprises of homogeneity 
assessment, characterization of certified 
value, an establishment of expiry data and 

monitoring program development. At every 
stage of testing, quality control is performed. 
In the process of certification, a measurement 
uncertainty concerning the intended use of the 
SPU RS is checked. The next documents are 
executed during certification: test protocols, 
an RS intended use sheet, a draught labelling, 
a scientific report, a material safety data sheet 
(MSDS), a certificate. An expert group 
carefully examines a document package. 
After obtaining approval, a certified SPU RS 
is transferred for further packaging, labelling, 
and distribution. An ongoing post-
certification program of verification is applied 
to ensure that an RS is suitable for intended 
use and satisfy predetermined and updated 
requirements. It includes continuous quality 
monitoring, analysis of risks, changes, 
customers’ feedbacks, and constant 
improvement of QMS. All necessary 
information for users (intended use, details of 
certification, an uncertainty of certified value) 
is given in a certificate enclosed along with 
the RS and MSDS. Such an approach is 
unique, as other Pharmacopeias do not 
customize their RS, and meets actual users’ 
requests. It became the basis for developing a 
conception of SPU RS. Standardization of the 
process of certification of SPU RS enabled to 
enhance service quality of provision of SPU 
RS. As a result, in 2015, QMS of SPU is 
certified for conformance to the requirements 
of the standard ISO 9001. 
 
CONCLUSIONS 

The methodological approach to the 
certification of SPU RS was designed to meet 
the most current needs of RS users, regulatory 
bodies, and society as a whole. The procedure 
of the SPU RS certification has been 
standardized. SPU RS are recognized as 
official standards in Ukraine (except for 
substances specified in EP); they are in 
constant demand by users, mostly for quality 
control of finished drug products. At present, 
the nomenclature of SPU RS comprises about 
700 items.  
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INTRODUCTION 

Diazepam and nitrazepam almost insoluble 
substances in water, have been chosen as 
model substances for this study. In liquid 
dosage forms, diazepam and nitrazepam are 
available as oral solutions and as an oral 
suspension (0.5 mg or 1 mg of 
nitrazepam/mL suspension). Oral liquids may 
provide better patient compliance for those 
with swallowing difficulties and better dosage 
control versus a fixed tablet dose. Often, in a 
certain volume of water, an adequate 
concentration of the drug cannot be achieved 
during formulation of a liquid dosage form 
due to the low solubility of the drug. In 
aqueous solutions, cyclodextrins form soluble 
complexes with many drugs. Complexation 
with cyclodextrins can enhance the solubility, 
dissolution rate and bioavailability of poorly 
water soluble drugs (1-3). Cyclodextrins form 
a group of structurally related 
oligosaccharides with cylinder-shaped 

cavities that have the capacity to form 
inclusion complex with many drugs by taking 
a whole drug, or a part of it, into their 
hydrophobic cavity (4,5). The objectives of 
the present work were to prepare binary 
systems of diazepam and nitrazepam in water 
with α-cyclodextrin (α-CD), β-cyclodextrin 
(β-CD) and 2-hydroxypropyl-β-cyclodextrin 
(2-HP-β-CD) and to investigate the possibility 
of improving the solubility of poorly water 
soluble diazepam and nitrazepam by their 
complexation with selected cyclodextrins. 
The changes in the solubility of diazepam and 
nitrazepam resulting from the addition of 
various concentrations of α-CD, β-CD and 2-
HP-β-CD were used to plot phase solubility 
diagrams and to evaluate the stoichiometry 
and apparent stability constants of the 
resultant complexes (3,6). In order to asses 
the efficacy of cyclodextrin as a complexing 
agent, the utility number (UCD) was calculated 
(7).  
 
MATERIALS AND METHODS 

Phase solubility studies on pure drug 
(diazepam: Marsing & CoA, Denmark 
/nitrazepam: F.I.S.-Fabbrica Italiana Sintetici, 
Italy) with different concentrations of 
cyclodextrins (α-CD, β-CD, 2-HP-β-CD: 
Fluka, Chemika, Switzerland) were 
performed by the method described by 
Higuchi and Connors (6). Concentrations of 
these cyclodextrins were selected based on 
their solubility in water. Solutions with α-CD 
were prepared at concentrations from 1% to 
14% (w/w) since it solubility is 14.5%. 
Solutions with β-CD were prepared at 
concentrations from 0.5% to 1.8% (w/w) 
(solubility is only 1.85%), while solutions 
with 2-HP- β-CD were prepared at 
concentrations from 1% to 40% (w/w) 
(solubility more them 50%). Excess amount 
of the drug (diazepam/nitrazepam) 
(Analytical balance type XS 205, Mettler 
Toledo GmbH, Germany) is added to 50 mL 
of distilled water containing various 
concentrations of cyclodextrins (α-CD, β-CD, 
2-HP-β-CD) (0.5-40%) into conical flasks 
and the mixture was shaken for 24 hours at 
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25°C ± 0.1°C on thermostated shaking bath 
(BDL, Type: GFL 1083, Czech Republic), to 
reach equilibrium. Preliminary studies were 
carried out using different equilibration 
periods confirming that equilibrium was 
reached within 24 h. After reaching 
equilibrium, the samples were filtered 
through a 0.2 μm pore size membrane filter 
(Cellulose acetate filter, Sartorius, Germany). 
The filtered samples were diluted with 0.1 
mol/L hydrochloric acid (Alkaloid, 
Macedonia) and assayed for the drug 
(diazepam/nitrazepam) content by absorption 
spectroscopy using Shimadzu UV-1601, UV-
VIS spectrophotometer (Shimadzu, Japan) at 
360 nm (diazepam), and 280 nm 
(nitrazepam). The solubility experiments are 
conducted in triplicate.  
 
RESULTS AND DISCUSSION 

The highest solubility of both drugs in water 
was achieved with 2-HP-β-CD, of all used 
cyclodextrins. The solubility of 
diazepam/nitrazepam was increased 
93.0/64.23 fold at 40% (w/w) of 2-HP-β-CD. 
The solubility of both drugs in aqueous 
solutions of α-CD, β-CD, 2-HP-β-CD 
increased linearly. All the phase solubility 
diagrams can be classified as type AL 
according to Higuchi and Connors. Because 
the straight line had a slope less than unity in 
each case the increase in solubility was due to 
the formation of a 1:1 complex in solution 
with both drugs. The apparent stability 
constant (K1:1) was calculated from the linear 
plot of the phase solubility diagram according 
to the equation of Higuchi and Connors (6). 
Small K1:1 values (like diazepam/α-CD 29.72 
M-1, nitrazepam/α-CD 33.89 M-1) indicate 
weak interaction, whereas a larger value 
indicates the possibility of limited drug 
release from the complex (optimal value 100 - 
1000 M–1) (3,8). In this case, the K1:1 values 
obtained followed the order 2-HP-β-CD (K1:1 

diazepam = 338.70 M-1, K1:1 nitrazepam = 224.66 M-

1) > β-CD (K1:1 diazepam = 226.81 M-1, K1:1 

nitrazepam = 149.68 M-1) > α-CD, reflecting the 
greater affinity of modified cyclodextrin for 
diazepam and nitrazepam compared with their 

parent α- and β-CD. The results for the UCD 
are related to working concentration of 1% 
cyclodextrin. The utility number greater or 
equal to 1 indicates that solubilization is 
adequately provided by complexation with 
the cyclodextrin tested (7). Since all UCD 
values are less than 1 the concentrations of 
selected cyclodextrins of 1% were not 
sufficient to achieve complete solubilization 
of 1 mg diazepam and nitrazepam/mL water. 
The concentration of 10% (w/w) 2-HP-β-CD 
would be required to dissolve 1 mg 
diazepam/mL of water (UCD = 1.07) (4). The 
concentration of 20% (w/w) 2-HP-β-CD (UCD 
= 1.03) would be adequate to dissolve 1 mg 
nitrazepam/mL of water (for preparation of 
aqueous solution). 
 
CONCLUSIONS 

The solubility of diazepam and nitrazepam 
increased with increasing amount of 
cyclodextrins in water. Among the three 
cyclodextrins used, 2-HP-β-CD showed the 
highest effects on diazepam/nitrazepam 
solubility. The order of solubilizing power of 
the cyclodextrins is 2-HP-β-CD > β-CD > α-
CD. On the basis of the UCD values, 
cyclodextrins are desirable for products with 
low dose of the drug. The K1:1 and UCD values 
show that 2-HP-β-CD can be very useful as 
solubilizer in the desired formulation. 
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INTRODUCTION 

The pharmaceutical application of polymers 
is very wide. Polymers are often used as film 
formers in the coatings of solid dosage forms. 
Their use to control drug release has become 
the focus of interest during past five decades 
(1). 
Polymethacrylate polymers are known to 
have good and reproducible physicochemical 
properties. They form film of uniform 
thickness and smooth surface. Regarding this, 
they are often used for controlled release 
coating (1). 
Pellets, as solid dosage forms have been 
chosen as a substrate for coating, considering 
that they are ideal for coating and release 
control of active substance. Pellets are then 
filled in hard gelatine capsules. 
Key characteristics of pellets are size 
distribution, shape and properties of their 
coating (2, 3).  

Very important parameter that needs to be 
taken in consideration is surface morphology 
of pellets since it can influence the coating 
process and dissolution rate of active 
substance. 
 
MATERIALS AND METHODS 
 

Materials 
Pantoprazole pellets are prepared by 
solution/suspension layering on sucrose inert 
core pellets. 
Polymethacrylate polymer (Eudragit® L 30 
D-55, Evonik Industries AG, Germany) was 
used as enteric coating agent. 
 

Methods 
Morphological investigation of pellets was 
performed using Zeiss Digital Scanning 
Electron Microscope (SUPRA 40 VP, 
Oberkochen, Germany) in SE2 mode 
operated at 5 kV.  
Pellets samples were mounted on aluminium 
stubs using double sticky carbon-coated tabs 
as adhesives (Plano, Wetzlar, Germany). 
Thereafter, they were coated with gold-
palladium in a sputter device for 45 seconds 
(Bio-Rad SC 510, München, Germany). 
Investigations were focused on the 
microstructure area of the surface of the 
samples. 
For side-to-side comparison of the surfaces, a 
series of images was captured for each sample 
at the following magnification factors: 54x, 
725x, 3 000x and 12 000x. 
 
RESULTS AND DISCUSSION 

Surface morphology was examined on inert 
core pellets and pellets coated with Eudragit® 
L 30 D-55. SEM analysis was performed on 
intact pellets and cross section of pellets. 
Surface morphology of core pellets is shown 
in Figure 1. 
Surface morphology of coated pellets is 
shown in Figure 2. 
Cross-sections of core pellets and coated 
pellets are presented in Figure 3. 
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Fig. 1: SEM micrographs of surface morphology of core pellets: 
a) magnification of 54x, b) magnification of 725x, c) 
magnification of 3 000x, d) magnification of 12 000x. 

 
 

 
 
Fig. 2: SEM micrographs of surface morphology of coated 
pellets: a) magnification of 54x, b) magnification of 725x, c) 
magnification of 3 000x, d) magnification of 12 000x. 

 

 
 
Fig. 3: SEM micrographs of cross-section of: a) core pellets, b) 
coated pellets. 

 
There is slight improvement in sphericity of 
coated pellets shown in Figure 2. a) compared 
to core pellets shown in Figure 1. a). Besides 
that, there can be clearly seen that the surface 
of pellets transformed 

from rough prior coating to smooth after 
coating [Figure 1. b) and c) compared to 
[Figure 2. b) and c)]. 
It is obvious that the improvement of surface 
smoothness originates from the enteric-coat 
layer, marked as layer A in Figure 3. b). 
Since the better smoothness of pellet surface 
is achieved with Eudragit® L 30 D-55 
coating, it can be expected that this will lead 
to uniform dissolution rate from the pellets. 
The dissolution is expected to be controlled, 
since the specific surface area can be 
calculated and predicted from the surface 
shown in Figure 2.  
Apart from that, there are no breaks on the 
surface, so the active substance is protected 
and it will not be released from the dosage 
form until desired pH of environment is 
achieved (4). 
 

CONCLUSIONS 

Eudragit® L 30 D-55 can greatly improve 
surface morphology of pellets, when coating 
process parameters are set as specified by 
manufacturer. This surface morphology 
promises better control of active substance 
release, which is the primary reason for 
coating pellets in this study. 
 
REFERENCES 
1. Jones D, Pharmaceutical applications of polymers for drug 

delivery, in: Humphreys S (Ed.), Rapra review reports, Vol. 15, 
Smithers Rapra Press, Shawbury Shrewsbury, 2004. 

2. Podczeck F, Powder, granule and pellet to fill two-piece hard 
capsules, in: Podczeck F, Jones BE (Eds), Pharmaceutical 
capsules, 2nd edn, Pharmaceutical Press, London-Chicago, 
2007, pp. 111-118. 

3. Rowe RC, York P, Colbourn EA, Roskilly SJ. The influence of 
pellet shape, size and distribution on capsule filling - a 
preliminary evaluation of three-dimensional computer 
simulating using Monte_carlo technique. Int. J. Pharm. 2005; 
300: 32-37. 

4. Felton LA, Film coating of solid dosage forms, in: Swarbrick J 
(Ed.), Encyclopedia of pharmaceutical technology, 3rd edn, 
Informa Healthcare, New York London, 2007, pp. 1729-1747. 

 
 
 
 
 
 
 
 



 

307 

INVESTIGATION OF 
TOPIRAMATE 
METABOLIC/ 
ELIMINATION 
PROFILE 
VARIABILITY 
USING NONLINEAR 
MIXED EFFECTS 
MODELING 
APPROACH 
 
M. Jovanović1, K. Vučićević1*, D. Sokić2,   
I. Grabnar3, T.Vovk3, R. Roškar3,             
D. Milosheska3, B. Golubović1,                  
M. Prostran4, B. Miljković1 
 
1 Department of Pharmacokinetics and Clinical 
Pharmacy, University of Belgrade - Faculty of 
Pharmacy, Vojvode Stepe 450, 11000 Belgrade, 
Serbia 
2 Clinic of Neurology, Clinical Centre of Serbia, 
University of Belgrade - School of Medicine, Dr 
Subotića 6-8, 11000 Belgrade, Serbia 
3 Department of Biopharmaceutics and 
Pharmacokinetics, University of Ljubljana - 
Faculty of Pharmacy, Aškerčeva 7, 1000 
Ljubljana, Slovenia 
4 Department of Pharmacology, Clinical 
Pharmacology and Toxicology, University of 
Belgrade - School of Medicine, Dr Subotića 1, 
11000 Belgrade, Serbia 

 

 

INTRODUCTION 

Topiramate (TPM) is a second generation 
antiepileptic drug indicated as mono or 
adjunctive therapy of partial or generalised 
seizures (1). TPM is mainly excreted via 
kidneys (>60%), while the remaining oral 
dose fraction is metabolized.  Data indicate 
that TPM is metabolized up to 50% in 
patients concomitantly treated with inducers 
of metabolic enzymes (1). Hence, TPM total 

clearance is amplified approximately 1.5-2 
fold in healthy individuals and in patients in 
the presence of carbamazepine (CBZ) (2-4). 
In human plasma/urine several metabolites of 
TPM were identified including 10-hydroxy-
TPM, 9-hydroxy-TPM, 2,3-O-des-
isopropylidene-TPM, 4,5-O-des-
isopropylidene-TPM (10-OH-TPM, 9-OH-
TPM, 2,3-diol-TPM, 4,5-diol-TPM). 
However, the main metabolite was 2,3-diol-
TPM followed by the amount of formed 10-
OH-TPM (2,3). Therefore, the objective of 
this study was to characterize the formation 
metabolic constant of the main TPM 
metabolite (km), and TPM first-order rate 
constant that describe remaining elimination 
process (kp).  
 
MATERIALS AND METHODS 
 

Materials 
In total the analysis included data from 
epileptic patients concomitantly treated with 
CBZ (n=19) and patients on monotherapy of 
TPM or co-therapy with other antiepileptic 
drugs (n=49). Median daily dose of TPM was 
300 mg while median CBZ daily dose was 
1200 mg. Patients were on TPM therapy at 
least one week; hence steady-state was 
achieved. During routine medical control, 1-2 
blood samples per patient were taken just 
before the next dose or up to 6 hours post 
dose for the pharmacokinetic study.  
 

Methods 
Liquid chromatography tandem mass 
spectrometry (LC-MS) assay was used for the 
quantification of TPM and 2,3-diol-TPM 
concentrations.  
Nonlinear mixed effects modelling approach 
was used for the pharmacokinetic analysis 
using NONMEM® software (version 7.3.0, 
Icon Development Solutions, Ellicott City, 
MD, USA), Perl speaks NONMEM® (version 
4.4.0). Estimation of typical pharmacokinetic 
parameters values, intra- and interindividual 
variability was performed using FOCE 
method with interaction (4,5). 
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RESULTS AND DISCUSSION 

During the modelling process, absorption 
constant, volume of distribution of TPM and 
first-order elimination rate constant of 2,3-
diol-TPM were fixed at 2 h-1, 0.7 L/kg and 
0.0102  h-1, respectively. Objective function 
value for the final model was 343.324. 
Exponential model was used for describing 
interindividual variability of km and kp. 
Coefficients of variations were 36.2%, and 
33.3%, respectively. Estimated constants 
values are given in Tab. 1. Residual 
variability for TPM was best described by 
proportional (Wp (p)), and for 2,3-diol-TPM 
by additive model (Wa (m)). CBZ daily dose 
significantly influenced km, which is in 
accordance with its inducible effect on TPM 
metabolic profile (4). Renal function 
expressed via estimated glomerular filtration 
rate (eGFR) significantly explained 
variability in kp, as expected considering 
major TPM elimination route (4).  
 
Tab. 1: Estimated parameters and relative standard error (RSE) 
values for the final model. 
 

Parameters  Value RSE (%) 
kp 0.0394 4.8 
km 0.00528 9.1 
Wp (p) 0.288 8.2 
Wa (m) 0.924 35.1 
CBZ effect on 
km 

0.434 29 

eGFR effect on 
kp 

0.423 50.6 

 
CONCLUSIONS 

Our results describe and quantitatively 
explain the influence of CBZ daily dose and 
eGFR on km of 2,3-diol-TPM formation and 
on kp, respectively.  
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INTRODUCTION 

Indomethacin (Ind) is a nonsteroidal anti-
inflammatory drug that after ocular 
administration is effective in treating ocular 
surface and anterior segment inflammation, 
including postoperative inflammation after 
cataract surgery. 
Formulation of indomethacin as a topical 
ophthalmic agent is limited by its poor 
solubility and stability in aqueous solution. So 
far nanocapsules, surfactansts, oils, polymeric 
nanoparticles, emulsions and SLN (Solid 
Lipid Nanoparticles) have been investigated 
to improve the ocular bioavailability and to 
reduce the side effects (1). 
Because the previously conducted studies 
have demonstrated the advantages of Solid 
Lipid Microparticles (SLM) with cyclo-
sporine (2) as a stable dosage form well 
tolerated after administration to the rabbit 
eye, it was proposed to evaluate the 
possibility of using SLM as a carrier also for 
Ind, intended for ocular application. 
The aim of the present study was to 
investigate how the active substance and 
surfactant concentration influences the 

physicochemical properties of the SLM 
dispersion, including in vitro drug release 
rate. 
 
MATERIALS AND METHODS 

SLM formulations with Ind were prepared 
using a hot emulsification method (2). The 
homogenization process was performed 
during 5 min at 80°C using a high-shear 
mixer Ultra-Turrax (T25 Janke-Kunkel IKA 
Labortechnik, Staufen, Germany). After 
cooling, Ind-loaded SLM formula-tions were 
sterilized in an autoclave and stored at 4°C. 
Composition of the prepared formulations 
with Ind is illustrated in Tab. 1. SLM 
dispersions contained from 0.1% to 1.0% 
(w/w) of Ind (Fagron, Cracow, Poland) and 
3.0% or 5.0% of Tween 80 (polysorbate). 
 
Tab. 1. Composition (w/w) of SLM formulations with Ind. 
 

Formulation SLM (10% suspension) 

Indomethacin 0.1 / 0.5 / 1.0 

Compritol 10.0 

Tween 80 3.0 / 5.0 

Glycerol 2.0 

Water to 100.0 

 
All formulations were visually observed after 
preparation and during storage and were also 
examined using the optical microscope 
(Nikon Eclipse 50i, Nikon Corporation, 
Japan). 
The particle size distribution in SLM was 
measured by laser diffractometry (Master-
sizer E, Malvern Instruments, UK) and zeta 
potential measurements were carried out by 
Zetasizer Nano ZS (Malvern Instruments, 
UK) after dilution (1:1000) in a filtered, 
demineralized water. 
Distribution of Ind in the phases of SLM 
suspension was determined by HPLC: in the 
aqueous phase, after ultrafiltration and in the 
methanol extract (SLM vortexed for 5 min 
with methanol and centrifuged). 
The release rate of Ind was studied using 
0.5% sodium lauryl sulfate as an acceptor 
fluid. The amount of Ind released into the 
medium was determined by HPLC. 
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RESULTS AND DISCUSSION 

SLM can be administered as eye drops in the 
form of aqueous suspension, because all 
tested formulations were liquid after 
preparation. This allows for application 
directly to the eye, what is a widely accepted 
route of administration due to its 
convenience, ease of use and noninvasive-
ness. 
The particle size of Ind-loaded SLM 
formulations was in the range from 1 µm to 
15 µm for formulations containing 5% 
Tween. Fig. 1 presents lipid microspheres 
with 5% of Tween 80 and 0.5% of Ind after 
sterilization. When Tween was used in 
concentration 3%, larger and irregular SLM 
particles were observed besides the 
formulation with 0.1% Ind. 
 

 
Fig. 1. Microscopic view of SLM with 0.5% of Ind and 5% of 
Tween 80. 

 
The zeta potential of SLM was -26 mV in all 
formulations, both before and after 
sterilization. 
Determined Ind solubility in 3% and 5% of 
Tween 80 solution was 1 mg/ml (0.1%) and 
1.8 mg/ml (0.18%), respectively. However, 
when SLM dispersion with 1.0% of Ind was 
stored during 3 months the active substance 
precipitated. Formulations with Ind at 
concentration of 0.1% and 0.5% did not 
reveal any changes. 
Particles of the SLM formulation remain in 
the solid state at 37°C and therefore it was 
expected, that they will provide controlled 
release of the drug during release study as 

well as following hydrolytic and enzymatic 
degradation in the eye. However, prelimi-nary 
studies of the release kinetics of Ind from 
SLM indicate that Ind is released very fast, 
even 100% of the drug was found in the 
acceptor fluid within 1 h. The results of this 
experiment and also Ind content determined 
in the phases of the SLM dispersion 
demonstrated that Ind was largely solubilized 
in the aqueous phase (in micelles) and 
localized on the micro-particles surface while 
incorporation to the lipid matrix was small.  
 
CONCLUSIONS 

Based on the studies conducted so far it can 
be concluded, that smaller and more spherical 
SLM particles can be produces with higher 
Tween 80 concentration (5%). 
SLM formulations offer better Ind solubili-
sation than Tween alone in the micellar 
solution. 
It is possible to obtain stable SLM dispersion 
with 10% of lipid and 0.5% of Ind suitable for 
administration to the eye. 
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INTRODUCTION 
 

Oral peptide delivery is still considered as one 
of the greatest challenges in pharmaceutical 
technology. Orally administered peptides 
must overcome the acidic, enzymatic, mucus 
and absorption barrier before they can reach 
systemic circulation (1). High hydrophilicity 
and relative large molecular weight are key 
factors contributing to low oral peptide 
bioavailability, which is usually below 1%. 
However, incorporating peptides in lipid 
based formulations like for example self-
emulsifying drug delivery systems has 
already shown some potential in increasing 
peptide oral bioavailability (1,2).  
Self-emulsifying drug delivery systems 
(SEDDS) are an anhydrous mixture of oils, 
surfactants, co-surfactants and co-solvents. 
Upon contact with gastric fluids they 
spontaneously form kinetically stable 
emulsions, where the peptide is likely 

dissolved in the oily phase. This protects the 
peptide against enzymatic degradation by 
pancreatic proteases (3,4,5) and increase its 
permeability through intestinal mucusa (2).  
Daptomycin is an anionic peptide antibiotic, 
used for the treatment of bacteremia, right-
side endocarditis and complicated skin 
infections caused by multiresistant gram-
positive bacteria (2). The treatment lasts up to 
6 weeks with daily injections, which may 
reduce patient compliance. So far, no oral 
delivery system for daptomycin is available. 
Therefore, it was the aim of this study to 
develop SEDDS for daptomycin oral 
administration and charecterize it in vitro. 
 

MATERIALS AND METHODS 

In order to incorporate daptomycin in 
SEDDS, its lipophilicity was increased via 
hydrophobic ion pairing using different 
cationic surfactants. The lipophilicity of 
daptomycin-surfactant was determined by 
measuring its partitioning coefficient (log P) 
between octanol and water phase. 
Additionally, the maximum daptomycin-
surfactant complex solubility in SEDDS 
composed of 35% Dermofeel MCT, 30% 
Capmul MCM and 35% Cremophor RH40 
was evaluated. Furthermore, SEDDS 
containing daptomycin were characterized 
regarding emulsification properties, droplet 
size, polydispersity index, drug release, 
stability against pancreatic lipase, mucus 
permeation properties and their ability to 
protect the incorporated daptomycin against 
proteolytic degradation by α-chymotrypsin. 
 
RESULTS 

Hydrophobic ion pairing of daptomycin with 
dodecylamine chloride (DOA) in molar ratio 
of surfactant to peptide 5:1 resulted in 
practically complete daptomycin-
dodecylamine complex (DAP/DOA) 
formation. Subsequently, initial daptomycin 
log P of of -5.0 was even raised to +4.8, 
which was sufficient to incorporate 8.0% 
(w/w) of DAP/DOA in chosen SEDDS, 
which corresponded to 5.5% (w/w) 
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daptomycin. Moreover, the average droplet 
size of the chosen SEDDS was 31 ± 4 nm and 
did not significantly change with increasing 
DAP/DOA drug payload. The formulation 
was degraded by pancreatic lipase within 90 
min and showed sustained daptomycin release 
for after at least 6 h in 50 mM phosphate 
buffer pH 6.8. Mucus permeation studies 
demonstrated that after 4 h an almost 2-fold 
higher amount of daptomycin permeated the 
mucus layer when incorporated in SEDDS 
with respect to pure daptomycin. Increased 
daptomycin SEDDS permeation in 
comparison to pure daptomycin was observed 
also up to 6 h. Moreover, SEDDS were able 
to protect incorporated daptomycin against α-
chymotrypsin degradation, where after 20 
min the peptide remained intact. In contrast, 
55% of dapomycin buffer solution was 
already inactivated. After 120 min 38% of 
daptomycin in SEDDS was still intact, 
whereas in the same time only 7% of initial 
daptomycin in amount was found in the 
buffer solution. 
 
CONCLUSIONS 

In this work, SEDDS for oral daptomycin 
application were developed. The formulation 
was able to facilitate daptomycin mucus 
permeation and reduce its proteolysis by α-
chymotrypsin. Therefore, the developed 
SEDDS might be considered as a potential 
oral daptomycin delivery system. 
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INTRODUCTION 
Liquid crystals (LCs) are extensively 
investigated as modern formulations for 
dermal, parenteral and oral drug delivery. 
They are known to increase solubility and 
improve bioavailability of incorporated drug 
(1). When delayed drug release is preferred, 
lamellar LLCs are especially suitable (2). 
They are particularly appropriate for dermal 
application due to pronounced similarity with 
the intercellular lipid matrix of the stratum 
corneum, their hydrating properties, and 
optimal texture (3).  
Novel lecithin-based lamellar liquid crystals 
for dermal delivery of antioxidant ascorbyl 
palmitate (AP) were previously developed (3) 
with the aim to support skin protection from 
photo-aging as well as skin cancer (4). The 
aim of the present study was to extend our 
knowledge on microstructure of developed 
system composed of Tween 80/lecithin 
/isopropyl myristate (IPM)/water, and 
positioned on the same dilution line. 
Structural alterations possibly taking place 
due to water content variation and 
incorporation of amphiphilic AP were 

investigated by differential dynamic 
calorimetry (DSC) and small-angle X-ray 
scattering (SAXS) techniques. Obtained 
insight into microstructure is expected to 
contribute greatly to our interpretation of drug 
release profile. 
 

MATERIALS AND METHODS 

Samples LC1-LC8 (Tab. 1) were prepared at 
room temperature from homogeneous 
mixtures of lecithin, IPM and Tween 80 (and 
1% AP) that were adequately diluted with 
water.  
DSC analysis of samples was performed by a 
Mettler Toledo DSC1 STARe system. ~ 12 
mg of samples (Tab. 1) were submitted to 
cooling step (25 to -60 °C) at a scanning rate 
of 5 K/min, with a nitrogen purge (50 
ml/min).  
SAXS analysis was carried out in a Kratky 
compact camera system (Anton Paar) with a 
block collimating unit, attached to a 
conventional X-ray generator (Bruker AXS, 
Karlsruhe, Germany) equipped with a sealed 
X-ray tube (Cu-anode target type) producing 
Ni-filtered Cu Kα X-rays with a wavelength 
of 0.154 nm at 25, 32, and 37 as described 
previously (3).  
 
Tab. 1: The composition of tested samples, lying on the same 
dilution line. 
 

LC
Lecithin
(wt.%) 

Tween 80 
(wt. %) 

IPM 
(wt. %) 

Water 
(wt.%)

1 27,96 27,96 24,36 19,97 
2 26,20 26,20 22,83 25,00 
3 24,46 24,46 21,31 29,98 
4 22,72 22,72 19,97 34,98 
5 20,96 20,96 18,26 40,00 
6 19,21 19,21 16,74 45,00 
7 17,47 17,47 15,22 50,00 

8 15,72 15,72 13,70 55,01 

 
RESULTS AND DISCUSSION 

State of water (Fig. 1) in prepared systems 
was determined by DSC analysis. Cooling 
curves of samples without (Fig. 2a) and with 
AP (Fig. 2b) confirmed the presence of 
nonfreezable interlammelar water (1st 
hydration layer), existing in regions between 
adjacent surfactant`s headgroups (visible in 
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samples LC1, LC1+AP and LC2+P), and two 
types of freezable water presenting 2nd 
hydration layer that keeps the degree of 
freedom necessary to form ice-like hydrogen 
bonds, and bulk water. The structure of ice 
derived from freezable interlammelar water 
differs from that of hexagonal ice, which 
reflects in its melting behaviour and allow the 
differentiation among different types of water 
present in LCs. As shown in Fig. 2 the 
freezing temperature (of Tfreez) of water 
decreases with lower water content in LCs 
(from LC8 to LC1). AP is expected to 
distribute into bilayers due to its amphiphilic 
nature, explaining decreased amount of 
freezable water in LCs in the presence of AP 
(LC2 vs. LC2+AP).   
 

 
 
Fig. 1: Schematic presentation of the hydrated lamellar 
mesophases. 
 

 
 
Fig. 2: DSC cooling curves of (a) liquid crystals without AP (LC 
1-8) and (b) with AP (LC 1-8 AP). Tfreez. of bidestilled water was 
between -20 and -25°C.  
 

SAXS analysis (Fig. 3) confirmed the 
presence of lamellar phases in all samples 
(with exception of LC1) since values of the 

scattering vector q show the ratio q1:q2 = 1:2, 
indicative for the presence of lamellar 
structure. The microstructure of sample LC1 
was identified as hexagonal liquid crystalline 
phase, further confirmed by rheological 
studies (data not shown).  
Additionally, the interlayer spacing d was 
calculated as d = 2π/q1. An increasing 
interlayer spacing ranging from 7,38 nm for 
LC1 (8,34 nm for LC1+AP) to 10,66 nm for 
LC8 (11,2nm for LC7+AP) was observed 
along dilution line. The presence of AP-
micelles inside LCs was additionally 
confirmed. SAXS results are in agreement 
with DSC data where Tfreez of water moved 
towards less negative values with increasing 
water content. This indicates the presence of 
higher amount of water incorporated into 
interlamellar region (bulk and 2nd hydration 
layer water) leading to increased interlayer 
spacing.  
 

 
 
Fig. 3: SAXS scattering curve of tested samples. 

 
CONCLUSIONS 
The phase behaviour of prepared LCs was 
evaluated with regard to water content and 
presence of AP. Obtained data are valuable 
for explaining AP positioning inside the 
system and its release profile. 
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INTRODUCTION 

Raloxifene is widely exposed to pre-systemic 
metabolism, mostly glucuronidation. While 
raloxifene's metabolites have much lower 
affinity towards estrogen receptors and 
consequently lower biological activity, they 
are not irrelevant. In plasma raloxifene exists 
mostly in the form of glucuronides bound to 
plasma proteins. Mostly the two 
monoglucuronide metabolites (M1 and M2) 
serve as a transport form, that can be split 
back to raloxifene, which can be than 
reabsorbed in the inner organs or in the 
intestinal lumen (1). We aim to gain further 
insight in the metabolism and active transport 
of raloxifene in the intestinal mucosa. 
Different regions of rat intestine were used in 
the experiments. 
 
MATERIALS AND METHODS 

Animal tissue and diffusion chambers 
Rat intestine from Sprague-Dawley rats 
(200 – 300 g) was obtained, prepared and 
mounted in side-by-side diffusion chambers 
(Easy Mount; Physiologic Instruments, San 
Diego, CA, USA) with details described in 
ref. (2). Colon and three regions of small 

intestine were used. The use of the tissue 
samples from previously sacrificed animals 
for experimental purposes is registered at the 
Veterinary Administration of the Republic of 
Slovenia.  
2.5 mL of Ringer buffer with 10 mM d-
glucose or 10 mM mannitol on serosal and 
mucosal side of the tissue, respectively, was 
used as an incubation saline. The tissue was 
kept at 37C during the experiments and the 
pH of the incubation salines was always 7.4 
on both sides of the intestinal tissue. 
Incubation salines were oxygenated and 
circulated by bubbling with carbogen gas 
mixture containing 95% O2 and 5% CO2.  1% 
albumin was added to solutions to facilitate 
the dissolution of 50 µM donor raloxifene and 
to provide suitable sink conditions for the 
poorly soluble drug and metabolites in 
acceptor solutions.  
Sample preparation and analysis 
Samples from both sides of the tissue were 
collected in 20 min time intervals. They were 
immediately mixed with ice-cold methanol to 
precipitate the albumin and stop all enzyme 
activity. After 48h at -20°C the samples were 
centrifuged at 15 000 g and the supernatant 
was analysed by LC-MS/MS. The UHPLC 
used was Agilent 1290 Infinity. The column 
was Kinetex 2.6µm C18 50×2.1mm. The 
mobile phase was composed of 0.1% formic 
acid (A) and acetonitrile (B) in a nonlinear 
gradient beginning at 90% A and ending with 
50% A. Detection was achieved after 
electrospray ionisation in positive mode with 
an Agilent 6460 MSD Triple quadrupole 
detector observing m/z transitions 474.2>112 
at RT=1.43min for raloxifene, 650.2>474 for 
M1 (roloxifene-6-glucuronide) at RT=1.07 
min and  650.2>474 for M1 (raloxifene-4’-
glucuronide) at RT=1.21 min (3). 
 
 RESULTS AND DISCUSSION 

The bidirectional permeability of raloxifene 
itself portrays a drug with very low 
permeability in all regions of the intestine and 
active transport in the eliminatory direction 
very obviously standing out only in the ileum 
(Fig 1).  
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Fig. 1: Apparent bidirectional permeability coefficients of 
raloxifene are shown as empty columns in the absorptive (M – S) 
and as filled columns in eliminative (S-M) direction 
 
To present the mucosal metabolism of 
raloxifene and subsequent efflux of the drug 
either through the apical or through the 
basolateral membranes of enterocytes figures 
2 and 3 are given. The efflux of metabolites 
can be compared to that of raloxifene itself. It 
is somewhat surprising that the direction of 
efflux is greatly influenced not just by the 
region of the intestine but also by the side 
where the donor raloxifene solution was 
placed. A shown on figure 2, regardless of the 
region and direction of transport, more 
raloxifene exited the intestinal mucosa in the 
form of M2, the exception to this being the 
strong ileal efflux of the parent drug. 

 
Fig. 2: Fluxes [nmol/(h×cm2)] of metabolite M1 in bidirectional 
experiments. Negative values represent flux to the mucosal side 
and positive values flux to the serosal side. Empty columns were 
obtained with raloxifene in mucosal donor solution and gray 
columns with raloxifene in serosal donor solution. Raloxifene 
bidirectional fluxes are given for comparison as black columns. 

 
The fluxes observed for M2 were comparable 
to that of raloxifene which together with M1 

indicates a very relevant intestinal 
metabolism of raloxifene. 
 

 
Fig. 3: Fluxes [nmol/(h×cm2)] of metabolite M2 in bidirectional 
experiments. Negative values represent flux to the mucosal side 
and positive values flux to the serosal side. Empty columns were 
obtained with raloxifene in mucosal donor solution and gray 
columns with raloxifene in serosal donor solution. Raloxifene 
bidirectional fluxes are given for comparison as black columns. 
 
 

CONCLUSIONS 

Suitable experimental conditions for the in 
vitro evaluation of intestinal raloxifene 
diffusion, transport and metabolism were 
established. It was clearly shown that flux of 
M1 from the intestinal mucosa greatly 
exceeds that of the parent drug while M2 is 
comparable to raloxifene in this respect. 
Significant regional differences were also 
discovered. Besides the above, the results 
indicate a complex interplay of metabolism 
and active transport of raloxifene and its 
metabolites in the intestinal epithelia. 
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INTRODUCTION 

BCS class II drugs show a limited water 
solubility and slow dissolution rate 
determining an erratic and low bioavailability 
after their oral administration [1]. To 
overcome the problem of poor solubility of 
the drug, solid dispersion with hydrophilic 
carriers [2] and inclusion complexation with 
cyclodextrins [3] have been studied. Solid 
dispersions have been defined as a dispersion 
of one or more active pharmaceutical 
ingredient in an inert carrier at the solid state 
using different preparation techniques. On the 
other hand, cyclodextrins are cyclic 
oligosaccharides able to include entirely or 
partially, into their hydrophobic cavity 
hydrophobic drug molecules with different 
structures. This inclusion complexation leads 
to changes in the physicochemical properties 
of the guest molecule [4] Nimodipine (NMD) 
is a dihydropyridine calcium channel blocker 
with selectivity for cerebral blood vessels and 
the major therapeutic indication of NMD is 
for the prevention and treatment of delayed 
ischemic neurological disorders and other 
cerebrovascular disorders [5]. After oral 
administration NMD shows low solubility 
leading to low bioavailability and repeated 
administrations have required In this work an 
increase of in-vitro solubility and dissolution 
rate of NMD through solid dispersions and 
inclusion complexes have been studied. 

MATERIALS AND METHODS 
 

Materials 
Nimodipine and Polyvinylpyrrolidone (PVP) 
have been purchased from Galeno Srl, Italy, 
while Methyl-P-Ciclodextrin (Me-b-CD) has 
been purchased from Wacker-Chemie, 
Germany. All the sustances were of 
pharmaceutical grade. 
 

Methods 

Sample Preparation 
Samples of NMD:PVP and NMD:MePCD 
were prepared by physical mixing (MF), low 
scale granulation (gran) and comilling (com) 
in 1:1 and 1:5 w/w. 
Sample characterizations  
Differential Scanning calorimetry (DSC) 
analyses were performed with a Mettler 
TA4000 equipped with a DSC20 cell. 
Samples were heated at 10 °C/min between 
30 to 150 °C. 
X-Ray Diffraction pattern (XRD) were 
collected using a Siemens powder 
diffractometer over a range of 20 angles from 
4 to 40 degrees. 
The dissolution tests were performed 
according the rotating paddle method (Phar. 
Eur, VIII Ed,) in 900 ml of water at 37°C. 
The absorbance of the dissolved drug was 
measured with a spectrophotometer 
The solubility tests were performed adding an 
excess amount of each sample to 20 ml of 
water at 37 °C maintained under agitation. 
After 48 hrs, the suspensions were filtered 
and the solubility values were measures 
spectrophotometrically. 
 
RESULTS AND DISCUSSION 

The thermograms (data not reported) of pure 
drug, physical mixtures with PVP and 
MePCD in both weight ratios and 1: 1 w/w 
granulated samples showed the endothermic 
peak of fusion of the drug indicating that the 
initial drug crystallinity was maintained. The 
1:5 w/w GRAN and 1:1 COM with both PVP 
and MePCD showed a decrease of the drug 
crystallinity while the 1:5 w/w COM with 
both excipients showed a total disappearance 
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of the endothermic peak of the drug 
indicating that a complete amorphization 
and/or complexation of the drug was 
obtained. These data were all confirmed by 
XRD analyses (data not showed). In the Fig. 
1, the solubility data of all the prepared 
sample have been reported. 
 

 

 
Fig. 1: Solubility of Nimodipine from different samples 

 
 

It can be clearly observed the all the systems 
in the 1:5 w/w ratio lead to a great increase in 
the drug solubility value. The best result was 
obtained with the inclusion complex with 
MePCD (over 20 fold increase). Only a slight 
increase of the drug solubility values was 
obtained in the 1;1 w/w systems were the 
drug showed that its initial crystalline form 
was maintained. 
Dissolution studies were in good agreement 
with the solubility data. Alle the systems in 
the 1:1 w/w ratio showed only a slight 
increase of the dissolution rate with respect of 
the drug alone. 
In the following Figure the dissolution 
profiles of the drug of the 1:5 w/w samples 
with MePCD have been reported. A 
significative increase of drug dissolution was 
obtained with GRAN and COM samples. This 
results was due to a decrease or disappearance 
of the drug crystallinity in the samples. 

 

 

 

 

 
Fig. 2: Dissolution of Nimodipine from different samples with 
MePCD 1:5 w/w 
 

 

Similar results were obtained with PVP but 
with a dissolution rate slightly lower than 
MePCD (data not showed). 
 
CONCLUSIONS 

Both excipients increase the solubility and 
dissolution rate of nimodipine. Better results 
were obtained with MePCD 
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INTRODUCTION 

Oral delivery of therapeutic protein/peptide 
has grown rapidly over the past decade for 
potential clinical application. However, due to 
their poor oral bioavailability researchers 
focus on the development of drug delivery 
systems for peptide/protein agents. The 
endogenous opioid peptide endomorphin-1 
(End-1) is more efficient on the treatment of 
neuropathic pain compared to morphine 
analogue analgesics and due to its endogenic 
structure it induces less side effects. The 
clinical usage of End-1 is not possible, due to 
its short duration of action, poor metabolic 
stability, inability of crossing the Brain-
Blood-Barrier (BBB) and intestine. In order 
to overcome these problems and enhance the 
oral bioavailability of End-1 our research 
group has followed a two-step strategy. First, 
we prepared lipid-modified endomorphin-1 
peptide (End-LAA) to increase its 

lipophilicity. Second, we have loaded End-
LAA in polymeric micelles. In a recent study, 
the high potency of End-LAA in relieving 
neuropathic pain in a chronic constriction 
injury rat model of neuropathic pain after 
intravenous (i.v.) administration was 
demonstrated (1). Current study comprises 
the development of End-LAA loaded 
polymeric micelles. We have investigated the 
formation of End-LAA loaded polymeric 
micelles by using different block copolymers 
[Pluronics, poly(ethylene glycol)-b-
poly(lactic acid) (PEG-PLA) and distearyl-sn-
glycero-3-phosphoethanolamine-N-methoxy 
poly (ethylene glycol) (PEG-DSPE)] with 
varying block compositions. The surface 
charge, particle size, drug encapsulation and 
drug release from formulations were 
evaluated. An ideal formulation was selected 
for further in vivo evaluations. 
 

MATERIALS AND METHODS 

Materials 
C10LAA-Endo-1 was synthesized using the 
in situ neutralization protocol for Fmoc 
chemistry according to the published 
procedures (1). Three types of PEG-PLA and 
PEG-DSPE copolymers were bought from 
Polymer Source Inc. (Dorval, Quebec, 
Canada) and Avanti Polar-Lipids (Alabaster, 
AI, USA) respectively. All other chemicals 
were of analytical grade preparations.  
 

Preparation of polymeric micelles 
End-LAA was loaded into micelles by film 
formation method (2). 2.5 mg of L-End and 
50 mg of polymer were dissolved in 
chloroform or acentonitrile. Thus 10:0.5 
polymer:drug (w/w) ratio was obtained. 
Organic solvents were removed under 
vacuum by rotary evaporator to obtain the 
drug–polymer film. After extensive vortexing 
of this film in water at 55°C drug loaded 
polymeric micelles were formed. The 
nonincorporated drug was removed after 
filtering the micelle formulation through 0.2 
μm membrane filter. End-LAA amount in 
micelles was estimated by a validated high-
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performance liquid chromatography (HPLC) 
method. 
Micelle size and zeta potential 
The measurement of particle diameter and 
zeta potential for polymeric micelles was 
performed Zetasizer Nano ZS (Malvern 
Instruments, Malvern, UK). 
In vitro drug release  
Drug loaded micelles were placed into 
dialysis bag and sunk in release medium 1 
(0.1 N HCl containing 0.1 % (v/w) Tween 
80_pH 1.2) at 37°C. Samples were placed in a 
water bath and shaken at 60 rpm at 37 ºC. At 
fixed time intervals 0.5 ml of samples were 
taken from the release medium. After 120 
min the medium was changed with medium 2 
(0.1 N HCl solution: 0.2 N tribasic sodium 
phosphate (1.5:7.5) containing 0.1 % (v/w) 
Tween 80_pH 6.8). Drug concentration in 
samples was determined with HPLC (n=3).  
 

RESULTS AND DISCUSSION 

The particle sizes of the formulations were 
ranged between 226.1±0.448 and 
22.61±0.347 nm indicating the formation of 
polymeric micelles (Fig.1).  
 
Table1. Properties of End-LAA loaded micelles  

  Copolymer EE (%) ± 
SE* 

Zeta 
Potential 
(mV)±SE* 

F1 Pluronic F127 75.567±1.670 9.94± 0.246 
F2 Pluronic P85 68.229±0.159 16.6 ± 0.853 
F3 PEG1000-DSPE 39.407±0.538 - 34.3 ± 0.283 
F4 PEG2000-DSPE 37.860±3.284 -28.0 ± 0.551 
F5 PEG5000-DSPE 31.954±0.279 -12.3 ± 0.465 
F6 PEG5000-PLA4500 62.371±0.566 10.1 ± 1.99 
F7 PEG5000-PLA16000 39.941±0.267 22.3 ± 2.18 
F8 PEG5000-PLA23000 25.821±1.378 2.24 ± 0.921 
*SE: Standard Error 

 
Fig.1. The particle size and polydispersity index of the polymeric 
micelles  

The entrapment efficiencies were varied 
between 26 and 76% (Table 1). The 
successful entrapment of End-LAA was 
attributed to its amphiphilic nature. The 
micellar formulations increased the in vitro 
drug release rate of End-LAA which may 
contribute to drug uptake in intestine (Fig 2).  

 
 
Fig.2. In-vitro drug release profiles of End-LAA from polymeric 
micelles  
 

CONCLUSION 

In vitro studies showed that F1 formulation 
with high EE %, low particle size and zeta 
potential might be more beneficial for oral 
drug delivery of END-LAA among other 
formulations. F1 formulation will be further 
evaluated for its in vivo behaviors.  
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