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O 01
Beauty of non-covalent interactions - disruptive repurpusing
Aleksandar Danilovski
Chief Scientific Officer (CSO), Senior Vice President, Global Research and Development and
Global Regulatory Affairs, Xellia Pharmaceuticals, Copenhagen, Denmark
aleksandar.danilovski@xellia.com
On 15 February 2019, the U.S. Food and Drug Administration (FDA) approved the
innovative pharmaceutical preparation Premixed Vancomycin Injection in a Ready-To-Use
(RTU) Infusion Bag intended for the treatment of serious hospital infections. This is a new
and patented (two U.S. patents have already been granted) antibiotic pharmaceutical
preparation which achieves Vancomycin solution stability at room temperature for as long
as 16 months and was entirely discovered at our Innovation Excellence Center in Zagreb.
Two major challenges were resolved, which have numerous researchers across the world
unsuccessfully endeavored to resolve, ie. Vancomycin stability at room temperature and
in a highly diluted infusion solution for over 16 months (the pharmaceutical preparations
of Vancomycin are currently available only in the form of powder injections and remain
stable at room temperature for no more than 12 to 24 hours).
The importance of this is supported by the fact that the FDA granted it a QIDP (Qualified
Infectious Disease Product) designation, which is normally only assigned to new products
expected to significantly improve the treatment of serious infections, i.e. products offering
solutions to what are presently the greatest medical needs in the critical area of antiinfective treatments.
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O 02
Gastrointestinal transfer of drugs in fasted state
Christos Reppas
Department of Pharmacy, National and Kapodistrian University of Athens, Greece
Gatrointestinal transfer of drugs is crucial for the onset of of absorption after oral
administration. In the first part of this presentation, the motor patterns in fasted upper
gastrointestinal lumen and the gastric emptying of water and solids in the fasted state will
be summarized [1-3]. In the second part, the gastrointestinal transfer of aqueous drug
solutions, aqueous drug suspensions and monolithic modified drug release products will
be discussed. The transfer kinetics and factors affecting the transfer process will be
highlighted. Emphasis will be given to the gastrointestinal transfer of aqueous suspensions
of lipophilic active pharmaceutical ingredients; in particular, the impact of enhanced
formulations as well as of enabling drug products on gastrointestinal transfer will be
evaluated [4]. In parallel, the usefulness of BioGIT (Biorelevant Gastrointestinal Transfer
model), a recently proposed in vitro model for screening formulations and evaluating the
impact of dose on drug concentrations in the upper intestinal lumen and early exposure,
will be summarized [5, 6].
References:
1.
2.

3.

4.

5.

6.

Gastrointestinal Disease, Pathophysiology/Diagnosis/Management, Sleisenger and Fordtran
editors, W.B. Saunders Company, 1993, ISBN 0-7216-3473-7
Grimm M, Koziolek M, Kühn JP, Weitschies W. Interindividual and intraindividual variability of
fasted state gastric fluid volume and gastric emptying of water. Eur J Pharm Biopharm. 2018;
127: 309-317
Wilson CG, Weitschies W, Butler J. Gastrointestinal transit and drug absorption, in Oral drug
absorption, Prediction and Assessment, 2nd edition, Drugs and the Pharmaceutical Sciences,
volume 193, Dressman JB and Reppas C, editors, Informa healthcare, 2010, ISBN 978-1-42007733-9
Kourentas A, Kourentas A, Vertzoni M, Symillides M, Goumas K, Gibbon R, Butler J, Reppas C.
Effectiveness of supersaturation promoting excipients on albendazole concentrations in upper
gastrointestinal lumen of fasted healthy adults. Eur J Pharm Sci. 2016; 91: 11-9
Kourentas A, Kourentas A, Vertzoni M, Khadra I, Symillides M, Clark H, Halbert G, Butler J,
Reppas C. Evaluation of the Impact of Excipients and an Albendazole Salt on Albendazole
Concentrations in Upper Small Intestine Using an In Vitro Biorelevant Gastrointestinal Transfer
(BioGIT) System. J Pharm Sci. 2016; 105: 2896-2903
Kourentas A, Kourentas A, Vertzoni M, Barmpatsalou V, Augustijns P, Beato S, Butler J, Holm R,
Ouwerkerk N, Rosenberg J, Tajiri T, Tannergren C, Symillides M, Reppas C. The BioGIT System: a
Valuable In Vitro Tool to Assess the Impact of Dose and Formulation on Early Exposure to Low
Solubility Drugs After Oral Administration. AAPS J. 2018; 20: 71
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O 03
Importance of hydrogels network characteristics on drug release kinetics
Michela Abrami1, Paolo Marizza1, Francesca Zecchin1, Paolo Bertoncin2,
Domenico Marson1, Romano Lapasin1, Filomena de Riso3, Paola Posocco1,
Gabriele Grassi4, Mario Grassi1
1

Department of Engineering and Architecture, Trieste University, via Valerio 6,
I-34127 Trieste, Italy
2
Department of Life Sciences, University of Trieste, Piazzale Europa 1, I-34127 Trieste, Italy
3
Department of Micro- and Nanotechnology, Technical University of Denmark (DTU),
Ørsteds Plads Bygning 345Ø, 2800 Kgs Lyngby, Denmark
4
Department of Life Sciences, Cattinara University Hospital, Trieste University,
Strada di Fiume 447, I-34149 Trieste, Italy
The needing of personalized and precision medicine requires the designing of more and
more sophisticated delivery systems and, in this frame, hydrogels can play a very
important role as they mimic the rheological behavior of soft living tissues much better
than any other synthetic material. Thus, this work deals with a global theoretical approach
able to describe how hydrogel polymeric network can affect the release kinetics of drugs
whose molecules show different dimensions. Indeed, despite drug release from hydrogels
can be controlled by physical (swelling/shrinking and surface erosion), physicochemical
(bulk erosion, drug dissolution, drug transport and drug interaction with the hydrogel
network), and system related factors (initial distribution of the drug concentration inside
the hydrogel, hydrogel geometry, and size distribution), the role played by the hydrogel
network is always of paramount importance. Thus, the determination of some important
network characteristics (mesh size distribution and polymer volume fraction) is achieved
by means of the theoretical interpretation of the rheological and the low field Nuclear
Magnetic Resonance (NMR) characterization. This information is then, embodied in a
proper mathematical model accounting for the effect of polymer volume fraction and
mesh size on the drug diffusion coefficient inside the polymeric network. The knowledge
of the drug diffusion coefficient enables the solution of the mass balance equation whose
resolution provides the determination of the release kinetics. Thus, this theoretical
approach allows estimating the effect on release kinetics of the relative dimension of drug
molecule dimension and network mesh size. The reliability of the proposed approach is
supported by the comparison of the model outcome with experimental release data
referring to myoglobin release from an interpenetrated hydrogel made up by alginate and
poly(N-vinyl-2-pyrrolidone).
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O 04
Bioluminescent/fluorescent co-culture spheroids of primary human pancreatic
cancer and stellate cells as models for chemoresistances, role of c-MET
inhibitors
Omidreza Firuzi1,2, Pei Pei Che2, Btissame El Hassouni2, Mark Buijs2, Stefano Coppola3,
Matthias Löhr4, Niccola Funel5, Rainer Heuchel4, Ilaria Carnevale2,5, Thomas Schmidt3,
Luciano Saso6, Godefridus J. Peters2, Elisa Giovannetti2,5,7*
1Shiraz University of Medical Sciences, Iran
Dept Medical Oncology, Cancer Center Amsterdam, NL
3
Physics of Life Processes, Leiden University, NL
4
Karolinska Institutet, Stockholm, Sweden
5
Cancer Pharmacology Lab, University of Pisa, Italy
6
Department of Physiology and Pharmacology, Sapienza University, Rome, Italy
7
Fondazione Pisana per la Scienza, Pisa, Italy
2

Tumor microenvironment seems to play a key role in chemoresistance. Pancreatic stellate
cells (PSCs), are part of the tumor and may have an important role in chemoresistance of
pancreatic ductal adenocarcinoma (PDAC). We developed novel 3D spheroid models to
evaluate the role of PSCs in drug resistance of primary human PDAC. PSCs may induce
drug resistance in PDAC cells by paracrine secretion of growth promoting signaling
molecules, such as hepatocyte growth factor (HGF), which may activate the c-MET
pathway. These novel models were developed by growing together immortalized GFPexpressing PSCs and CFP-firefly luciferase(Fluc)-expressing PDAC cells. Cancer cell growth
and drug response were examined by luciferase assay, while spheroids architecture was
evaluated by confocal microscopy. Drug response was studied in five primary human PDAC
cells growing as monolayers by sulforhodamine-B assays. PSCs-conditioned medium (PCM)
increased phospho-c-MET expression which was highest in PDAC5 cells and the subclone
PDAC5(SSEA4). Remarkably, PCM of cells pre-incubated with PDAC-conditioned medium,
which contained increased HGF levels, made PDAC5 and PDAC5(SSEA4) cells significantly
more resistant to gemcitabine, but not to c-MET inhibitors. The presence of PSCs in
PSC/PDAC5(SSEA4) hetero-spheroids induced significant cancer cell growth and
gemcitabine resistance compared to PDAC-homo-spheroids. However, c-MET inhibitors
such as tivantinib, PHA-665752 and crizotinib were equally effective in homo- and heterospheroids. Primary human PSCs experiments confirmed the main findings. In conclusion,
we developed spheroid models to evaluate the reciprocal interaction of PSCs and primary
PDAC cells. These new models, which could be used for pharmacological evaluation of
different drug candidates in a biologically relevant context, showed that PDAC cells are
highly resistant to gemcitabine in the presence of PSCs, but c-MET inhibitors could
overcome this chemoresistance.
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Liquid chromatography-tandem mass spectrometry method revealed that lung
cancer cells exhibited distinct metabolite proﬁles upon the treatment with
diﬀerent pyruvate dehydrogenase kinase inhibitors
Kin Tam
Faculty of Health Sciences, University of Macau, Taipa, Macau, China
Pyruvate dehydrogenase kinases (PDKs) dominate the critical switch between
mitochondria-based respiration and cytoplasm based glycolysis by controlling pyruvate
dehydrogenase (PDH) activity. Up-regulated PDKs play a great role in the Warburg eﬀect
in cancer cells and accordingly present a therapeutic target. Dichloroacetate (DCA) and
AZD7545 are the two most-well-known PDK inhibitors exhibiting distinct pharmacological
proﬁles. DCA showed anticancer eﬀects in various preclinical models and clinical studies,
while the primary preclinical indication of AZD7545 was on the improvement of glucose
control in type II diabetes. Little, if any, study has been undertaken to elucidate the eﬀects
of PDK inhibition on the metabolites in the tricarboxylic acid (TCA) cycle. Herein, the
metabolite alterations of non-small-cell lung cancer (NSCLC) cells upon the treatment with
PDK inhibitors were studied using a liquid-chromatography-based tandem mass
spectrometry method. The method was validated for quantiﬁcation of some common
glycolysis and TCA cycle catabolites with good sensitivity and reproducibility, including
glucose, pyruvate, lactate, acetyl coenzyme A, citrate, α-ketoglutarate, fumarate,
succinate, malate, and oxaloacetate. Our results suggested that NSCLC cells exhibited
distinct metabolite proﬁles following the treatment with different PDK inhibitors, which
may reﬂect the diﬀerent pharmacological indications of these inhibitors.
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O 06
Molecular properties of importance for drug solubility in intestinal fluids
Christel A. S. Bergström
Department of Pharmacy, Uppsala University, Sweden
It is well-known that a large fraction of the compounds currently exiting the drug
discovery stage has poor solubility in water, and this is typically translated to poor
solubility in the gastrointestinal fluids. The molecular requirement of some contemporary
targets results in pharmacological active compounds being larger and more lipophilic.
During the last years exploration around the molecular reasons for poor solubility has
resulted in the categorization of compounds as 'brick dust' or 'grease-ball' molecules
based on whether they display solid-state or solvation limited solubility. In reality, the
performance of drugs in gastrointestinal fluids is more complex than that. In this talk I will
go through the molecular reasons behind the brick dust and grease ball molecules and put
this concept in the context of how this can be used from a formulation perspective. I will
also present computational tools successful in predicting solubility in the fasted and fed
small intestinal fluid and link such predictions to performance of formulations. In the final
part of the talk, molecular simulations of the colloidal structures of the small intestinal
fluids will be presented and set in the context of understanding interactions of importance
for the interplay between the drug molecule, the physiology (in these examples the
intestinal fluid) and the dosage form. The presented information and techniques make the
baseline for computer-based biopharmaceutical profiling which can be used to help
identifying when formulation will be crucial to achieve the needed in vivo solubility.
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O 07
Solubility in the inside: gastrointestinal concentrations
as driving force for absorption
Patrick Augustijns, Danny Riethorst, Joachim Brouwers
Drug Delivery and Disposition, Department of Pharmaceutical and Pharmacological
Sciences, KU Leuven, Belgium
Intestinal fluids present in the intraluminal environment substantially affect the
absorption of orally taken drugs. During this presentation, several case studies will be
presented in which human intestinal fluids (HIF) were collected and characterized with
respect to composition, colloidal structures and solubilizing capacity for lipophilic drugs. In
addition, the link between HIF characteristics and the bioaccessible fraction of the drug
will be discussed. Images obtained with three complementary electron microscopy
techniques demonstrated significant inter-subject variability in the ultrastructure of fed
state HIF (FeHIF), resulting in a highly variable solubilizing capacity for lipophilic drugs.
From a methodological point of view, drug solubility in FeHIF samples was determined in
both the micellar layer of FeHIF, i.e. after removing the upper layer following
centrifugation (standard procedure in solubility assays), as well as in full FeHIF. Imaging
clearly showed that only micellar structures remain in the lower layer, while larger colloids
such as vesicles and lipid droplets are contained in the upper, lipid layer. Including this
lipid layer substantially increased the solubilizing capacity of FeHIF, especially in those
samples that contained mainly vesicles alongside the micelles. Current fed state simulated
intestinal fluids, however, do not contain the larger colloids observed in the lipid layer of
FeHIF and can only simulate the solubilizing capacity of the micellar layer of FeHIF. To
evaluate the contribution of drug molecules solubilized in food- or formulation-based
colloids to intestinal absorption, adequate permeation tools are of critical importance, as
will be illustrated using data from clinical studies with lipophilic drugs.
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O 08
Supersolubilization of poorly water-soluble drugs, followed by conversion into
amorphous solid dispersions, by acid-base interaction
Abu T. M. Serajuddin
Professor of Industrial Pharmacy, College of Pharmacy and Health Sciences, St. John’s
University, 8000 Utopia Pkwy, Queens, NY 11439, USA
The dissolution rate is the rate limiting step for absorption of BCS (Biopharmaceutical
Classification Systems) class II drugs having low aqueous solubility and high
gastrointestinal membrane permeability. Solid dispersion, where a relatively waterinsoluble compound is dispersed either molecularly or in the amorphous state in watersoluble carriers, is commonly used to enhance dissolution rates for such drugs. However,
there are some major challenges in formulation of solid dispersions as dosage forms,
which include inadequate drug-carrier miscibility, need of organic solvents to dissolve
both drug and carrier during preparation, difficulty in manufacturing and scale up, physical
instability due to recrystallization of drug from solubilized or amorphous states, and
thermal degradation during the manufacture of solid dispersion, especially when the melt
extrusion process is applied. It has been discovered in our laboratory that extremely high
aqueous solubility of basic drugs in aqueous media may be obtained by interaction with
weak dicarboxylic acids that would not form salts with the drugs. For example, haloperidol
aqueous solubility could be increased to >300 mg/g of solution by adding malic or tartaric
acids. This was much higher than the solubility of haloperidol salt (aquous solubility of
haloperidol HCl: ~4 mg/mL). Since extremely high solubility of drug was obtained simply
by dissolving a poorly water-soluble basic drug in aqueous solutions of weak organic acids,
without necessitating the addition of any organic solvents, complexing agents, etc., we call
the phenomenon supersolubilization by acid-base interaction. When the concentrated
solutions were dried, amorphous solid dispersions of drugs in organic acids were formed,
where the drug neither formed crystalline salts with acids nor did convert back to the
crystalline free base form. The drug remained amorphous even after exposure to different
accelerated stability conditions, such as high humidity, temperature fluctuation, etc.
Similar supersolubilization aqueous media was also observed for other basic drugs (e.g,
cinnarazine and itraconazole) in presence of weak acids and for acidic drugs (e.g.,
mafenamic acid) in presence of weak bases. ASD was formed when the supersolubilized
systems were dried. Supersaturated solutions were obtained when such ASDs were
dissolved in aqueous media in the GI pH range.
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Poorly soluble drugs: disbalance of thermodynamic characteristics of
crystal lattice and solvation
German Perlovich
Institute of Solution Chemistry of the Russian Academy of Sciences, Ivanovo, Russia,
glp@isc-ras.ru
The dissolution processes in aqueous media of poorly soluble drugs belonging to the
classes of spiro derivatives, benzoic acid and its derivatives, sulfonamides, fenamates, and
thiadiazoles were analyzed based on the data recently published by the author. The main
criterion for the solubility analysis was the comparison of the thermodynamic
characteristics of sublimation processes (state of the molecules in solids) and solvation
(state of the molecules in solutions) under structural modification of the reference
molecule. The characteristics of the processes under investigation were compared by the
superposed diagram approach which allows complete information to be obtained about
the thermodynamic state of the molecules in crystal and solution. A variety of
thermodynamic paths of the molecules undergoing structural modification (design) was
shown. The extreme solubility values were obtained for the considered classes of
compounds which can be derived by structural modification of the substances. A
classification of the drugs was suggested based on the analysis of the determinative steps
of the dissolution processes: crystal or solvation controlled. Based on the investigation of
59 drugs belonging to five different classes of compounds, it was estimated that for 50.7%
of the compounds the solubility processes were crystal controlled, whereas for the rest
49.3% – solvation controlled. Among all the considered compounds, a structural
modification of the reference one led to a solubility enhancement only in 22.1% of the
substances. And in 85% of the compounds, the dissolution processes were solvation
controlled and in the remaining 15% – crystal controlled.
Acknowledgment: This work was supported by the Russian Scientific Foundation (№19-13-00017).
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Nonsink or nonthink? Dissolution tests for supersaturable drug substances
Kiyohiko Sugano
College of Pharmaceutical Sciences, Ritsumeikan University, Japan
Supersaturable active pharmaceutical ingredient (sAPI) such as salts, co-crystals,
metastable solid forms, and amorphous solid forms have been utilized to increase the
concentration of a drug dissolved in the gastrointestinal tract. Traditionally, dissolution
tests have been performed under a sink condition. In addition, a rotating disk method has
been used to investigate the solution-mediated phase transformation of sAPI (to a free
form or a stable crystalline) during the dissolution process. However, a nonsink condition
is required to evaluate the performances of sAPI particles. There are many uninvestigated
factors that can affect the performance of sAPI particles under nonsink condition.
(1) Pioglitazone HCl – the effect of the buffer capacity (β)
The dissolution tests of Pioglitazone HCl (PIO HCl, pKa = 5.8) particles were performed in
the Na - phosphate and Na - maleate buffers (pH 6.5, β = 2 to 32 mM/∆pH) under nonsink
conditions (compendial paddle apparatus, 500 mL, 50 rpm). The addition of Na2SO4 did
not affect the supersaturation profile, suggesting no ionic strength effect. As β was
increased, the degree of supersaturation was decreased. The final pH values remained the
same as the initial values. Supersaturation was almost completely suppressed at β = 32
mM/∆pH. In contrast, the precipitation of PIO free base (PIO FB) from the PIO bulk
solution was not affected by β. The PIO HCl particles rapidly and completely transformed
to PIO FB (not just PIO HCl surface). The shape of the PIO FB particle aggregates reflected
the shape of original PIO HCl particles. These results suggest that β is likely to affects the
pH gradient inside the unstirred water layer (UWL) and the transformation of PIO HCl to
PIO FB prior to dissolving into the bulk fluid.
(2) Diclofenac Na – the effect of pH below its pKa (pKa = 4.0)
DCF Na particles (25 mg, 0.08 mmol) showed no supersaturation at pH 1.2 (compendial
paddle apparatus, 500 mL, 50 rpm). However, marked supersaturation was observed at pH
2.0 and pH 3.0. The final pH values remained the same as the initial values. The liquidliquid phase separation (LLPS) of DCF free acid (FA) occurred in the surrounding of the DCF
Na particles immediately after contact with acidic media. At pH 1.2, the surface of DCF Na
was completely covered with a passive film of DCF FA (the core remained as DCF Na). The
DCF FA liquid layer started to crystalize within several minutes. The LLPS concentration of
DCF FA (0.30 mM) was twice as high as the theoretical maximum concentration in the bulk
media (0.16 mM). In addition, in the bulk phase precipitation test, rapid precipitation was
not observed at 0.16 mM. These results suggest that the LLPS (and subsequent
crystallization) of DCF FA on the surface of DCF Na particles, rather than precipitation in
the bulk medium, is more likely to have suppressed the supersaturation of DCF FA from
DCF Na.
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No one medium fits all. Combining drug properties and physiology
to select in vivo relevant dissolution media
Deanna Mudie1, Christel Bergström2, Gregory Amidon3
1

Lonza Pharma & Biotech, Oregon, USA,
2
Uppsala University, Uppsala, Sweden
3
University of Michigan, Michigan, USA

Rate and extent of dissolution in the gastrointestinal (GI) tract are highly dependent upon
physicochemical properties of the drug and GI fluid properties. Biorelevant dissolution
media (BDM) have evolved over the years with our understanding of GI physiology and
therefore vary in properties and composition. We describe a simple yet quantitative
method for selecting which BDM to choose depending on the physicochemical properties
of the compound under investigation, combined with factors relevant for amorphous
dispersion formulations. We recommend using logDpH 6.5 for determining the importance
of including bile salts and phospholipids in the medium, and drug pKa and intrinsic
solubility for selecting buffer species and concentration. These recommendations are
based upon a mechanistic understanding of drug substance solubilization in mixed lipoidal
nanoaggregates and saturation solubility of ionizable drugs at the solid-particle surface in
in vivo relevant buffers. When the selected BDM is used in conjunction with appropriate
test methodologies, we expect these recommendations to lead to dissolution
measurements predictive of in vivo drug performance in the human upper GI tract where
the majority of absorption occurs.
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Impact of surfactant−bile interactions on the solubility of hydrophobic drugs in
biorelevant dissolution media
Zahari Vinarov1, V. Katev1, N. Burdzhiev2, S. Tcholakova1, N. Denkov1
1

Department of Chemical and Pharmaceutical Engineering
2
Department of Organic Chemistry and Pharmacognosy
Faculty of Chemistry and Pharmacy, Sofia University, Sofia, Bulgaria
Introduction: Biorelevant dissolution media (BDM) methods are commonly employed to
investigate the oral absorption of poorly water-soluble drugs. Despite the significant
progress in this area, the effect of commonly employed pharmaceutical excipients, such as
surfactants, on the solubility of drugs in BDM has not been characterized in detail.
Therefore, we aimed to reveal the physicochemical mechanisms that govern the
solubilization of hydrophobic drugs in complex bile + surfactant mixtures.
Methods: The solubilization of 3 model hydrophobic drugs (fenofibrate, danazol and
progesterone) was determined with a set of 12 surfactants and 2 types of BDM (porcine
bile extract and sodium taurodeoxycholate). The micelle size and bile salt-surfactant
interactions were studied by one-dimensional and diffusion-ordered 1H NMR
spectroscopy, as well as by measurements of the critical micellar concentrations (CMC).
Results: Drug precipitation and sharp non-linear decrease in the solubility of all studied
drugs was observed when drug-loaded ionic surfactant micelles were introduced in
solutions of both BDM, whereas the drugs remained solubilized in the mixtures of
nonionic polysorbate surfactants + BDM. 1H DOSY showed that mixed bile salt + surfactant
micelles with low drug solubilization capacity were formed for the ionic surfactants. On
the other hand, separate surfactant-rich and bile salt-rich micelles were found to coexist
in the nonionic polysorbate surfactant + bile salt mixtures, explaining the better drug
solubility in these systems. The nonionic alcohol ethoxylate surfactants showed
intermediate behaviour. These results were confirmed also by the CMC measurements,
which demonstrated ideal mixing of the polysorbate surfactants + NaTDC and significant
interactions in the mixtures of NaTDC + ionic surfactants.
Conclusion: The large dependence of the drug solubility on surfactant-bile interactions (in
which the drug molecules do not play a major role per se) highlights how the complex
interplay between excipients and bile salts could change significantly one of the key
parameters, which governs the oral absorption of poorly water-soluble drugs, viz. the drug
solubility in the intestinal fluids.
Acknowledgement: This work was supported by the Operational Programme “Science and Education
for Smart Growth” 2014-2020, cofinanced by the European Union through the European Structural
and Investment Funds, Grant BG05M2OP001-1.002- 0012-C01 “Sustainable utilization of bioresources and waste of medicinal and aromatic plants for innovative bioactive products”

Reference:
1.

Z. Vinarov, V. Katev, N. Burdzhiev, S. Tcholakova, N. Denkov. Molecular Pharmaceutics. 2018.
5741−5753.
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Comparison of solubility using non-specific image-based single-particle analysis
(SPA) and the gold standard shake-flask methods
Emma Hokkala1, Mikael Agopov1, Clare J. Strachan2, Erkka Järvinen2, Kristian Semjonov3,
Jouko Yliruusi1, Sami Svanbäck1
1

2

The Solubility Company, Helsinki, Finland
University of Helsinki, Faculty of Pharmacy, Division of Pharmaceutical Chemistry and
Technology, Helsinki, Finland
3
University of Tartu, Faculty of Medicine, Institute of Pharmacy, Tartu, Estonia

PURPOSE: The purpose was to compare the novel small-scale image-based single-particle
analysis (SPA) method and the gold standard shake-flask (SF) method in studying solubility
of drug compounds and sugars over a wide range of chemistry and solubility (8 log units).
The SF method requires long experimental times of at least 24 hours and development of
arduous chemical analyses for each compound. In addition, with vastly different chemical
compounds, several different analytical techniques are needed to analyse them all. The
SPA method, on the other hand, utilises optical imaging and is therefore physical in
nature, not needing a priori knowledge of the chemistry of the compounds. In addition,
the sensitive image analysis and small scale of the method reduce experimental times to
10 minutes on average and decrease compound consumption to only micrograms.
METHODS: A set of 25 compounds were studied. The SF samples were analysed with UVVis or HPLC-UV depending on compound solubility. Refractometry was used for sugars
lacking a UV-chromophore. Three compounds, inable of being detected or quantified with
other methods, were analysed with LC-MS. SF results were compared to those obtained
with the SPA method that comprises of a custom-made flow-through cell and an optical
imaging system. A custom-made software then analyses the images of the individual
dissolving particles, transforming the change in particle morphology into dissolution data.
RESULTS: The comparison showed a linear correlation with an R2 of 0.9727. The average
SD of the SPA method was only 0.18 log units, which is similar to that reported for SF
(0.17–0.39 log units [1]). It proves that the SPA method produces as reliable results as the
SF method needing much less time and compound, and with only one analytical
technique.
CONCLUSION Compared to the traditional shake-flask method, the SPA method is
significantly faster and requires only a fraction of the compound amounts, saving time and
reducing material consumption. In addition, for SF, four different analytical techniques
(UV-Vis, HPLC-UV, LC-MS, refractometry) were needed due to vast differences in
compounds’ chemistry, whereas the physical SPA method could be used to analyse them
all. As this was verifiably achieved without compromising accuracy, it can be concluded
that the SPA method has can be used as a valuable tool in miniaturised solubility testing.
References:
1.

A. Avdeef, Suggested improvements for measurement of equilibrium solubility-pH of ionizable
drugs, ADMET DMPK 3 (2015) 84–109.
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Direct measurement of amorphous solubility
Jernej Štukelj1,2, Sami Svanbäck2,1, Mikael Agopov2, Korbinian Löbmann3, Clare J. Strachan1,
Thomas Rades3, Jouko Yliruusi2,1
1Department of Pharmaceutical Chemistry and Technology, University of Helsinki,
Viikinkaari 5E, 00790 Helsinki, Finland
2
The Solubility Company Oy, Viikinkaari 6, 00790 Helsinki, Finland
3
Department of Pharmacy, University of Copenhagen, Universitetsparken 2, 2100
Copenhagen, Denmark
Amorphous materials exhibit distinct physicochemical properties compared to their
respective crystalline counterparts. One of these properties – the increased solubility of
amorphous materials – is exploited in the pharmaceutical industry as a way of increasing
bioavailability of poorly water-soluble drugs. Despite the increasing interest in drug
amorphization, the analytical physicochemical toolbox is lacking a reliable method for
direct amorphous solubility assessment. Here, we show for the first time a direct approach
to measure the amorphous solubility of diverse drugs by combining optics with fluidics –
the Single Particle Analysis (SPA) method (Figure 1). Moreover, a comparison was made to
a theoretical estimation based on thermal analysis and to a standardized supersaturation
and precipitation method. We have found a good level of agreement between the three
methods. Importantly, the SPA method allowed the first experimental measurement of
the amorphous solubility for griseofulvin, a fast crystallizing drug, without the use of a
crystallization inhibitor. In conclusion, the novel SPA approach enables rapid and
straightforward determination of the supersaturation potential for amorphous materials
of less than 0.1 mg, which could prove highly beneficial in the fields of materials science,
analytical chemistry, physical chemistry, food science, pharmaceutical science and others.

Figure 1. Schematics of the Single Particle Analysis (SPA) method taken from
10.1021/acs.analchem.9b01378.
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Industrial perspective on solubility, supersaturation and precipitation: Risks,
opportunities and mechanistic understanding
Sara Carlert
Early Product Development, Pharmaceutical Sciences, R&D, AstraZeneca,
Gothenburg, Sweden
Working with risk assessment in the early phases of pharmaceutical development requires
a delicate balance between mechanistic understanding and screen tests. Investigating the
ability of drug molecules to create supersaturation in vivo and in biorelevant and nonbiorelevant in vitro systems can be a complex puzzle to build, and can have a major impact
on the cost of developing a molecule into a product. By combining simple in vitro solubility
tests including shake flask methods and light scattering investigations with in silico
calculations and precipitation tests, risks associated with supersaturation, solubility, and
more importantly dissolution, can be identified. If deviating solubility, dissolution or
formulation behaviour is observed, investigations into mechanistic cause can be
undertaken if there is a risk for in vivo impact or the priority of the project/compound is
high and does not allow for failures.
In order to know what investigations to proceed with for compounds with an ability to
supersaturate, industry and academia has made efforts to create standard operating
procedures for precipitation tests. Even after standardisation, the tests show high
variability, and risks can be hard to interpret. Understanding the mechanism of the
processes involed in precipitation is often necessary to understand why a supersaturating
formulation or compound would fail to ensure sufficient plasma exposure in pre-clinical
species or humans. A battery of tests involving investigations into homogenous and
heterogenous nucleation, particle growth, gelling or aggregation tendencies, amorphous
state and local pH effects could be of interest, but is always weighed against finding a way
to solve the issue. In early phases of pharmaceutical development, there is also an
element of extrapolation necessary, where risks of going beyond what has been measured
needs to be evaluated. How can we see opportunities and weigh risks of supersaturating
drugs when mechanistic models are too simplistic?
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Desipramine solubility studies: enhanced solubility
due to drug-buffer aggregates
Olivera S. Marković, Miloš P. Pešić1, Ankita V. Shah2,3, Abu T.M. Serajuddin2,
Alex Avdeef4, Tatjana Ž. Verbić1,
Department of Chemistry, IChTM, University of Belgrade, Belgrade, Serbia
1
University of Belgrade – Faculty of Chemistry, Belgrade, Serbia
2
St. John's University, College of Pharmacy and Health Sciences, NY, USA
3
Current address: Freund-Vector Corporation, IA, USA
4
in-ADME Research, New York, USA

tatjanad@chem.bg.ac.rs
Optimal experimental design to measure the aqueous equilibrium solubility of an ionizable
substance requires a number of critical considerations. The aqueous medium to which the
substance is added usually contains a buffer to help control the pH.
The solution behavior of desipramine hydrochloride (DsHCl) in phosphate-buffered and
unbuffered solutions is evidently complicated and only tentatively understood. The computer
program pDISOL-X was used to design the structured pH-ramp shake flask experiments (pHRSF method), to process the data, and to refine the equilibrium constants. Specifically,
solubility was measured: a) using state-of-the-art experimental design, as recommended in a
recently published white paper on solubility [1], b) performing solubility titrations in two
directions, pH 11.6→1.3 as well as 1.3→11.6, c) using both DsHCl and Ds (free base), as
starting solids, d) performing titrations in chloride-containing media, without any phosphate, e)
performing the converse measurements (phosphate-containing, chloride-free media),
f) isolating solids at critical log S-pH points and performing solid state characterizations using
elemental, thermogravimetric, differential scanning calorimetric, and powder X-ray diffraction
analyses. Concentration was measured using HPLC with UV/VIS detection.
Under the assay conditions, only the phosphate free solutions showed some supersaturation
near pHmax 8.0. In phosphate-containing solutions, pHmax was indicated at higher pH (8.8–
9.6). Oils mixed with solids were observed to form in alkaline solutions (pH>11). Notably,
soluble drug-phosphate complexes appeared to form below pH 3.9 and above pHmax in
saturated phosphate‑containing saline solutions. This was indicated by the systematic pH
shift to higher values in the log S-pH curve in alkaline solution than expected from the
Henderson-Hasselbalch equation. For pH<3.9, saturated phosphate-containing saline
solutions exhibited elevated solubility, with drug-hydrochloride as the sole precipitate. Salt
solubility products, intrinsic solubility, and complexation constants, which rationalized the
data, were determined [2].
Acknowledgement: Ministry of Education, Science and Technological Development of Serbia
supported this work (Grant No. 172008 and 172035).
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O.S. Marković, M.P. Pešić, A.V. Shah, A.T.M. Serajuddin, T.Ž. Verbić, A. Avdeef, Eur. J. Pharm.
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Solubility prediction: A problem with a solution?
David Palmer
Department of Pure and Applied Chemistry, University of Strathclyde, Glasgow, UK.
Solubility is a fundamental physicochemical property that is important in the design and
manufacturing of many industrial products, from petrochemicals to energy materials. It
plays a particularly important role in the pharmaceutical industry, where up to 70 % of
drugs in development have solubility problems,1 and low aqueous solubility is a common
cause of failure of candidate drugs. 2 Solvent selection is crucial in pharmaceutical
manufacturing to separate active pharmaceutical ingredients from impurities (in line with
ICH guidelines).Error! Bookmark not defined. Although the pharmaceutical industry makes extensive
use of experimental solubility measurements, they are time-consuming and only
applicable to synthesised molecules, which limits their breadth of application. Solubility is
a difficult property to predict from molecular structure. Statistical methods such as
QSAR/QSPR are limited by the availability of accurate data and the lack of suitable
descriptors. First-principles approaches that compute solubility directly from molecular
simulation are not yet accurate enough for druglike molecules, despite recent advances.3-6
Both approaches would benefit from new experimental data, but their requirements are
different. This talk will present new work aimed at improving solubility prediction with
particular focus on the experimental measurements and computational advances that are
required to deliver first-principles solubility prediction with chemical accuracy.
References:
1.
2.
3.
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Complementing drug development with fast and accurate liquid phase
thermodynamic calculations: COSMO-RS applications to cocrystals, solvates,
phase diagrams
Christoph Loschen1, Andreas Klamt1,2
1
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COSMOlogic GmbH, Imbacher Weg 46, 51379 Leverkusen, Germany
Institute of Physical and Theoretical Chemistry, University of Regensburg, 93053
Regensburg, Germany

COSMO-RS, combining density functional theory calculation with efficient statistical
thermodynamics offers a fast and accurate access to liquid phase property prediction and
hence the potential to foster drug development and to save precious resources. Free
energies in solution as computed by the COSMO-RS implementation COSMOtherm are
most accurate, as highlighted by the recent outcome of the SAMPL6 octanol-water
partition coefficient prediction challenge, where COSMOtherm predictions showed the
highest accuracy out of 91 different approaches, outperforming molecular dynamics,
implicit solvation models, classical QSPR and deep learning procedures.1
Within the recent years COSMO-RS found also increasing usage beyond pure liquid phase
properties, extending to such fields as cocrystals and solvates.2 A recent application was
made towards the prediction of ternary phase diagrams, which is highly useful for the
understanding and the development of cocrystal solvent systems.3 Those simulations
usually benefit from experimental input such as DSC data and therefore are good
examples of experiment and theory complementing each other. The present talk
summarizes the recent COSMO-RS theory and applications in this field and will also
present new applications which are particular useful in the context of rational drug
development.

References:
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Intrinsic solubility: Random forest method predictions based on a new
deeply-mined and curated database (>6350 entries)
Alex Avdeef
In-ADME Research, New York, USA
The accurate prediction of solubility of drugs is still problematic. It was thought for a long
time that this had been due the lack of high-quality solubility data from the chemical
space of drugs. This presentation will discuss the quality of solubility data, particularly of
ionizable drugs. A database is described, comprising 6355 entries of intrinsic solubility for
3014 different molecules. By correcting water solubility for ionization (i.e., deriving
intrinsic solubility, S0) and by normalizing temperature (by transforming measurements
performed in the range 10-50 oC to 25 oC), it can now be estimated that the
interlaboratory reproducibility is at 0.17 log unit. Modern computational methods at best
have hovered around the root mean square error of 0.6 log unit. Three computational
methods were tested, using the new database as the training set: (a) Yalkowsky’s GSE, (b)
Abraham solvation descriptors (ABSOLV), and (c) Random Forest Regression (RFR)
statistical machine learning. The RFR method outperforms the other two models.
However, the ability to predict the solubility of drugs to the level of the quality of data is
still out of reach. The statistical machine learning methodologies are probably up to the
task. What’s needed are more solubility data from sparsely-covered chemical space of
drugs (particularly of research compounds). Also, new descriptors which can better
differentiate between molecules could be critical for narrowing the gap between the
accuracy of the model and that of the data.
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Hands-On tutorial in the use of pDISOL-X for solubility calculations
Alex Avdeef
In-ADME Research, New York, USA
The "hands-on" tutorial in the use of pDISOL-X for solubility calculations will be applied to
the analysis of two compounds mentioned in the recently published mini-review:
Perspectives in solubility measurement and interpretation.1 A simple example of the
formation of a charged aggregate will be illustrated with brequinar. The case study of
terfenadine will serve as an example of the formation of drug-phosphate complexes/prenucleation clusters. Interpretations of amorphous solid formations involving terfenadine
will be discussed. All calculations will be illustrated with published solubility-pH data. As
an option, interested attendees will be invited to install the fully-functional 30-day demo
program on their laptops and participate in the tutorial demonstration.
1.

Bergström CAS, Avdeef A. Perspectives in solubility measurement and interpretation. ADMET &
DMPK 7 (2019) 88-105; http://dx.doi.org/10.5599/admet.686.
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Application of biomimetic HPLC properties for the estimation of brain to blood
distribution of drug discovery compounds including new modalities
Klara Valko
Bio-Mimetic Chromatography Ltd, Business & Technology Centre, Stevenage, SG1 2DX,
UCL School of Pharmacy, London, United Kingdom
When synthesizing and selecting drug discovery compounds for in vivo evaluation, it is
important to have an estimate for their in vivo distribution, and their potential to
penetrate through the blood-brain barrier. When the target is in the brain compounds
need to be able to partition into the brain while when compounds are designed to other
therapeutic areas the brain partition is disadvantageous.
The biomimetic binding characteristics of drug discovery compounds can be measured
using chemically bonded protein and phospholipid stationary phases in HPLC. These data
then can be used in model equations to predict the in vivo distribution and non-specific
binding of compounds. The methodology has been reviewed [1] and applied in drug
discovery [2]. It has been demonstrated that the methodology can be applied not only for
small synthetic drug discovery compounds but also for compounds with a molecular
weight larger than 500, such as peptides and macrocycles [3].
A good model has been found for estimating the brain tissue binding of over 100 drug
discovery compounds for which the brain tissue binding was measured using equilibrium
dialysis method. Similarly, a good model has been found for the estimation of the total
plasma protein binding of compounds using the biomimetic HPLC binding data. Based on
these two models the brain to plasma distribution ratio can be calculated that has been
shown to provide a good differentiation between brain penetrant and non-penetrant
compounds.
References:
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High throughput dissolution - permeation screening:
a novel tool for early formulation development
Annette Bauer-Brandl
Drug Transport & Delivery Research Group, University of Southern Denmark, DK- Odense
annette.bauer@sdu.dk
Search strategies for new drug entities (NDEs) tend to prefer enhanced receptor binding
typically being lipophilic interactions. Thus, the fraction of NDEs with poor solubility
increases necessitaing the development of advanced enabling formulations for sufficient
oral bioavailability. There is still a lack of deeper understanding of drug absorption from
such formulations, especially the effect of the interactions between NDEs and excipients,
e.g. colloidal assemblies. Therefore, the numbers of animal experiments carried out each
year are still increasing.
It is our goal to develop in vitro tools for identifying promisingt formulation principles for
individual NDEs as well as formulation optimization using artificial high throughput
screening (HTS) systems. The core of our toolbox is Permeapad®, an artificial barrier for
passive transport studies that is based on natural phospholipids. It is robust in the
presence of excipients, relevant pH values, and bio-mimicking media. We study dissolution
processes from enabling formulations simultaneously along with drug permeation in order
to resemble in vivo conditions. The focus must be on the interplay (trade-off) between
these processes which are interdependent in the case of enabling drug formulations.
According to the desired depth of understanding, experiments can be carried out in 96
well plat format (Pemeapad®Plate; Permeapad Plain Plate), in classical diffusion cells (e.g.
Franz cells, Ussing chambers),
or in a flow-through system
with enhanced Area: Volume
ratio
(Permealoop™).
Examples of experimental exploration of these tools will be
given demonstrating the the interplay of dissolution and permeation. Upon careful
selection of experimental conditions, even HTS experiments with 96 well Permeapad®
Plates appear suitable for drug molecules in solution and from formulations. The
advantages of more laborious set-ups (Diffusion cells; Permeloop™) are also discussed, as
well as correlations to in vivo data. However, validation of best experimental practice is
still needed.
References:
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Novel in vitro tools for investigating the absorbtion behavior of drug products
Konstantin Tsinman1, Karl Box1, Enikő Borbás2, Oksana Tsinman1, Bálint Sinkó1
1
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Pion Inc., USA
Department of Organic Chemistry and Technology, Budapest University of Technology and
Economics, Hungary

This study demonstrates the usage of some novel tools for investigation of complex
absorption behavior of formulations and drug dosage forms under biorelevant conditions.
One of the case studies uses device that measures flux of drug compounds through
artificial membranes mimicking the epethilial lining while the drug products are dissolved
in simulated intestinal fluids under in vivo relevant non-sink conditions. The theoretical
framework based on principles outlined by Sugano1 was extended to adapt flux values for
estimation of the absorbed fraction of particular dosage form. Another case study showed
how bi-phasic dissolution experiments could be used for realistic modelling of
precipitation phenomenon for weak basic drugs upon entering small intestine.
Commercially available compounds and products of BCS Class II drugs like intraconazole,
albendazole, carbamazepine, ketoconazole and telmisartan were used in the study.
Receiver chambers of flux device integrated with permeation membrane, overhead stirrer
and fiber optic UV probes connected to the Rainbow instrument were inserted in the 500
mL vessels of USP 2 apparatus, filled with 200 mL of SGF transformed to 250 mL of FaSSIF
after 30 min.
It was shown that the fraction absorbed would be proportional to the flux in case when
permeability trough artificial membrane represents the the human jejenum permeability.
It was demonstrated that estimated fraction absorbed for the studied drug products
produced reasonable agreement with available human absorption data.
It was concluded that estimation of fraction absorbed and maximum absorbable dose for
based on flux measurements could produce good in vitro in vivo correlations. Expanding
the research on a larger number of dosage forms would help refining the model and
making it even more predictable. Precipitation parameters derived from in vitro small
volume bi-phasic dissolution experiments explained clinical human PK data comparably to
parameters derived from de-convoluted in vivo data.
Reference:
1.
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Development of methods to quantify solid form purity
Rolf Hilfiker
Head of Solvias AG, Department Solid-State Development, Römerpark 2, CH-4303
Kaiseraugst, Switzerland, rolf.hilfiker@solvias.com
If a substance can exist in several different solid forms – and this is the case for just about
every substance considering that the amorphous form also has to be included in these
considerations – it is essential that the “right” solid form is chosen for development. This
naturally implies that it is necessary to develop methods which can quantify impurities of
undesired solid forms in the desired one. Depending on the nature of the substance,
various methods such as X-ray diffraction, Raman, DSC, solid state NMR, etc. may be
optimal.
We will mainly focus on the most challenging task which is quantifying small amorphous
fractions in mainly crystalline material. This is often required since the micronization
process generally leads to amorphization of solids in the % range. These small amorphous
fractions may be very detrimental for the product properties and therefore need to be
quantified and controlled.
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Investigation of permeation of drugs through skin using methylated
piperazine-2,5-diones
Josef Jampilek1,2, Aneta Pokorna3, Pavel Bobal3
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3
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The use of skin for the transdermal administration of drugs that can penetrate directly
into the system circulation has many advantages, and thus it is a promising way for
administration of many drugs. Unfortunately, transdermal drug delivery frequently
encounters the problem of limited penetration of active pharmaceutical ingredients
through the skin. The skin consists of three basic functional layers, and the outermost
layer of epidermis, the horny layer (stratum corneum, SC), which is, in fact, the real skin
barrier is the most important and critical for the permeation of all compounds through the
skin [1]. The use of chemical permeation enhancers (CPEs), specific pharmaceutical
excipients, is one of the possibilities to facilitate drug delivery through the skin. In general,
all CPEs are able to modify the SC, and a complex mechanism of action is expected. Many
CPEs are particularly small molecules containing characteristic fragments of heteroatoms
X−CO−N=, where X is −CH2−, −NH2 or −NH−, by which they can break intermolecular H
bonds among individual components of the SC [2].
Based on the structural similarity to CPEs, methylated piperazine-2,5-diones were
designed, synthesized, and their transdermal enhancement effect as potential CPEs on the
permeation of the model drug theophylline through the skin was investigated [3–5]. The
agents were tested for their in vitro transdermal permeation enhancement effect using
a vertical Franz diffusion cell and full-thickness pig ear skin. They showed promising
enhancement effect (especially very fast start of action) with respect to various model
drug substances. They also expressed no toxicity or skin irritability.
This study was supported by the Slovak Research and Development Agency (Grant No. APVV-170373) and by the Ministry of Education of the Czech Republic (LO1305).
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Quantitative and qualitative prediction models for pH-membrane permeability
profiles: improving prediction of absorption in gastrointestinal tract
Mare Oja, Sulev Sild, Uko Maran
Institute of Chemistry, University of Tartu, Tartu, Estonia
Absorption in the gastrointestinal tract (GIT) is an important characteristic for orally
administrated drugs. Absorption depends on the permeability and solubility of the drug
substances and both are highly influenced by the properties in the GIT. The GIT consists of
various regions with different properties, such as pH, which varies from acidic (pH~3) to
basic (pH~9) and causes the regional absorption phenomenon for ionisable drug
substances. The effect of fluctuating pH to the permeability is rarely considered during the
characterisation and modelling (such as prediction models) of drug substance candidates.
The aim of our study was to consider the actual pH range of GIT in the development of
quantitative and qualitative prediction models for membrane permeability, and thereby
improve this type of computational models. For this the pH-membrane permeability
profiles were measured with the parallel artificial membrane permeability assay (PAMPA)
at four pH (3, 5, 7.4 and 9) and systematic database of pH-membrane permeability profiles
(quantitative and class-based) for 274 drug substances have been assembled. The
description of human intestinal absorption was significantly improved when pHmembrane permeability profiles over wide pH-range in the GIT were considered meaning
that pH has clear influence on the efficiency of the permeability in the GIT.
In order to predict pH-membrane permeability profiles of drug substance candidates,
predictive and mechanistically relevant regression and classification models were
developed: for four different pH-s (i.e. pH-membrane permeability profile), for the highest
membrane permeability over four pH-s, and for the intrinsic membrane permeability.
Derived prediction models are statistically significant and include mechanistically
explained descriptors, which are mainly related to the ionisation, hydrophobicity, polarity,
and size and shape of molecule. All prediction models were blindly validated (first
predicted and then measured). Qualitative prediction models were additionally validated
with the U.S. FDA reference drugs for permeability classes in the biopharmaceutical
classification system (BCS). The identification of BCS permeability classes was further
improved with decision tree that consolidated predictions from qualitative prediction
models.
The proposed prediction models explicitly consider a wide range of pH for membrane
permeability and are applicable for better understanding of regional absorption, improve
the virtual screening of chemical libraries, detect biowaivers in the BCS framework, and
also give valuable information for the formulation studies.
Acknowledgement: Estonian Ministry for Education and Research (grant IUT34-14)
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Estimation of the octanol-water distribution coefficient through
chromatographic measurements
Alejandro Fernández-Pumarega1, Susana Amézqueta1, Elisabet Fuguet1,2, Martí Rosés1
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The feasibility of chromatographic systems to estimate biopartitioning properties of
neutral compounds has been widely reported [1]. Meanwhile, there is a lack of works
regarding the estimation of these properties for ionizable substances. Since the most part
of the bioactive compounds have acid-base moieties, the development of methodology
that allows the estimation of biopartitioning properties for partially or totally ionized
compounds is of great importance. In this study the octanol-water distribution coefficient
(Do/w) of acid-base solutes have been estimated through microemulsion electrokinetic
chromatography (MEEKC) measurements.
Do/w estimation for acids has been done employing a MEEKC system consisting on a
microemulsion formed by sodium dodecyl sulfate (SDS), 1-butanol, and heptane. In the
case of basic compounds, instead of SDS, tetradecyltrimethylammonium bromide (TTAB) a
cationic surfactant, have been employed in the measurements to avoid ion-pair formation
between the surfactant and the ionized bases. The new TTAB MEEKC system has been
characterized through the solvation parameter model, and found to be adequate to
surrogate the octanol-water partition system.
Then, for a set of acid-base compounds with known log Do/w-pH profiles, log Do/w-log k
profiles have been established, covering all degrees of ionization. It has been observed
that the direct estimation of log Do/w through the log k in the MEEKC systems presents a
similar error as the estimation of log Po/w (the logarithm of the octanol-water partition
coefficient) for neutral compounds, when they are partially ionized; However, Do/w is
overestimated when the substances are highly or fully ionized. Finally, the applicability of
the method has been checked at pH 7.4, blood’s physiological pH, with a set of
compounds that include acid-base substances partially and fully ionized.
1.

S. El Deeb, H. Wätzig, D. Abd El-Hady, C. Sänger-van de Griend, G.K.E. Scriba, Electrophoresis 37
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Application of Hunter H-bond parameters (α and β) for the description of
solvents and calculation of solute solubility and partition
Derek P Reynolds
Reytek Consulting, Macclesfield, UK
Although solvent effects have been studied for a long time they are still difficult to
understand and even more difficult to predict. Hunter’s electrostatic competition model
[1] provides an approach for estimating solvent effects on equilibrium constants for
solute-solute interactions. Intermolecular interactions are quantified using the
experimentally determined general H-bond parameters α and β. These parameters have
also beeen applied in a screening approach to predict probability of cocrystal formation
[2]. The free energy of formation (G0) for complexes in non-polar solvents is dominated
by electrostatic interactions (e.g. H-bonds) and is relatively insensitive to contributions
from other types of interaction (e.g. dispersion). Hunter’s extension to the electrostatic
competition model for calculation of partition (SSIMPLE) [3] makes the simplifying
assumption that other van der Waals contributions depend only on surface area. In order
to improve the accuracy of calculations for calculation of partition between organic
solvents and water it is advantageous to calibrate the descriptors for non-polar parts of
solute molecules in order to model competition between dispersion interactions in nonpolar solvents and the hydrophobic effect in water. A new model has been developed in
which the number and types of interaction site are assigned depending on atom type and
the values of α or β for each type of local environment refined by fitting to experimental
partition data. For polar functional groups parameters were constrained to have the
values established from complexation studies in non-polar solvents. They therefore
remain compatible with values calculated ab initio (e.g. ref. [4]) from calculated Molecular
Electrostatic Potential Surfaces (MEPS). Details of the equations and computational
methods will be presented in an accompanying poster. The lecture will concentrate on an
explanation of the key concepts and how they can provide a general picture of solvation.
The pros and cons of this picture will be examined and contrasted with successful
alternative approaches (e.g. The Abraham Solvation Equation [5] and COSMO-RS)
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Physical treatment of pharmaceuticals as a method of fine-tuning their
properties
Elena Boldyreva
Novosibirsk State University, Pirogova Street, 2, Novosibirsk 630090, Russia and
Boreskov Institute of Catalysis SB RAS, Lavrent’ev ave, 5, Novosibirsk 630090, Russia
Pharmaceuticals are not merely chemical compounds, but are materials, which are
characterised by crystal structure, defects, particle size and shape, mesostructure,
interactions beteen components in a multi-component and multi-phase mixture, and
other parameters. The main paradigm of the materials sciences – “Composition –
Structure – Properties – Manufacturing Technique” is applicable also to pharmaceuticals.
Drug can and should be considered as materials when designed, manufactuted,
characterized and stored.
Many technological operations in pharmaceutical industry are related to using different
types of mechanical treatment or non-ambient temperatures. The characteristics of solid
pharmaceuticals can be modified as a result of such physical treatment, even if their
chemical composition remains unchanged. This can be used on purpose, in order to
improve and fine-tune properties of drugs and drug formulations, or an be unadvertent,
leading to detrimental consequences.
In the present contribution I shall give examples of both – desirable and non-desirable –
processes in solid pharmaceuticals resulting from physical treatment and discuss, how
these processes can be kept under control.
The research is supported by Russian Ministry of Science and High Education, project АААА-А19119020890025-3.
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Exploiting dual solid state PBPK tools to assess the bio(in)equivalence of
tacrolimus amorphous formulations with various degrees of crystallization
arising during storage
David B. Turner, Sumit Arora, Masoud Jamei
Certara (Simcyp Division), Level 2-Acero, 1 Concourse Way, Sheffield, S1 2UU, UK
Introduction: Amorphous drug products can be susceptible to drug crystallization during
manufacture and storage which could result in altered pharmacokinetics and potentially
bioinequivalence compared to the completely amorphous formulation. A Particle
Population Balance (PPB) model (Simcyp V18) provides mechanistic tools for simultaneous
handling of two solid states within a dosage form, thereby enabling the evaluation of the
effect of various degrees of drug crystallinity on the pharmacokinetics (PK) and
bioequivalence (BE) of amorphous tacrolimus dosage forms.
Methods: An intravenous clinical study [1] was used to obtain/confirm disposition
parameters for tacrolimus. Intrinsic clearance values (CYP3A4/CYP3A5) were obtained
from the literature. Absorption model inputs include: intrinsic solubility - 1.8 (crystalline)
and 50 (amorphous) µg/mL; mean particle size 10 µm; effective gut wall permeability
(Peff,man) 6.37x10-4 cm/s. The oral absorption model was verified using published PK data
[1]. A series of population (each of 50 subjects) simulations varying proportions of
crystalline drug between 0–100% in the drug product were conducted. The results were
analyzed for BE (crossover) with the completely amorphous reference product.
Results: The PBPK model captured well the plasma concentration time profiles of
tacrolimus following IV and oral administration [1]. Exposure to orally administered
tacrolimus was found to reduce with an increase in % drug crystallinity in the drug
product. The predicted PK metrics (Cmax and AUC0-t) for different proportions of crystalline
and amorphous tacrolimus drug product were assessed for virtual BE. Drug product with
crystallinity 30% or more is found bioinequivalent to the completely amorphous product.
In addition, two of fifty virtual individuals dosed with the 20% crystalline (i.e., 80%
amorphous) formulation were at the limit of bioequivalence. Those individuals expressed
very high levels of CYP3A4/CYP3A5 leading to faster metabolism of tacrolimus
potentiating the discrimination between the two products as compared to other subjects.
Conclusion: Virtual BE studies based on mechanistic absorption modeling can be a
powerful tool to support product development and bioequivalence assessment. In
addition, such tools can help identify individuals who could be at risk of bioinequivalence
and allow clinically relevant product risk assessment.
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Development of HPMCAS-based amorphous solid dispersion by melt extrusion
Abu T. M. Serajuddin
Professor of Industrial Phamacy, College of Pharmacy and Health Sciences, St. John’s
University, 8000 Utopia Pkwy, Queens, NY 11439, USA
In recent years, hydroxypropyl methylcellulose acetate succinate (HPMCAS) has gained
much acceptance as carriers for amorphous solid dispersion (ASD) of poorly water-soluble
drugs because of its ability to keep the drug in a supersaturated state after dissolution in
aqueous media. However, its use has mostly been limited to ASDs prepared by spray
drying, and the solvent-free method of hot-melt extrusion (HME) has rarely been used.
Indeed, out of the 7 ASDs containing HPMCAS that have been marketed in recent years,
only one was manufactured by HME, and, among others, 5 by spray drying and 1 by coprecipitation. HME is not generally used as it requires very high temperature to extrude
HPMCAS (≥170°C), where the polymer may degrade. We studied the effects of three solid
surfactants (poloxamer 188, poloxamer 407 and TPGS) and a model drug (itraconazole) in
reducing complex viscosity and thus processing temperature of HPMCAS-based ASDs. The
polymer was miscible with these surfactants and the drug. Each surfactant and the drug
can greatly reduce viscosity of HPMCAS by exerting plasticization effects. Drug and
surfactant also had synergistic effects in reducing viscosity. Surfactant-drug-polymer
mixtures were successfully extruded as stable ASDs at 130°C, which is much lower than
the extrusion temperature of 170°C for neat HPMCAS. The presence of surfactants also
improved dissolution rate and supersaturation of drug. The ASDs produced were
successfully developed into tablets. Based on these results, it is hoped that there will be
much greater application HME for HPMCAS-based amorphous solid dispersions.
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Physically stable amorphous APIs – are thay ready for extrusion?
Justyna Knapik-Kowalczuk1, Krzysztof Chmiel1, Karolina Jurkiewicz, Renata Jachowicz2,
Marian Paluch1
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In this presentation, we will show how on the basis of the dielectric data it is possible to
predict the physical stability of amorphous Active Pharmaceutical Ingredients (APIs)1. The
obtained results will be compared with the long-term isothermal XRD experiments to
confirm the validity of the performed predictions. All the presented result will concern
ezetimibe – a lipid-lowering drug that belongs to the II BCS class. As both the prediction as
well as long-term time-dependent isothermal XRD experiment indicated neat amorphous
ezetimibe begins to re-crystallize when stored at room temperature after only 14 days2.
Thus, it requires stabilization. It has been found that 20 wt. % of Soluplus® (SOP) polymer
very effectively stabilize the examined pharmaceutical. Amorphous Solid Dispersion (ASD)
containing ezetimibe + 20 wt. % SOP does not reveal any sign of re-crystallization even
after 3 years of storage it at room temperature, furthermore, this formulation is
characterized by six times higher aqueous solubility in comparison to the neat crystalline
ezetimibe.
All the aforementioned advantages gave by ezetimibe + 20 wt. % SOP ASD motivated us to
continue our work with this specific system. Considering that currently the most preferred
production way of the amorphous APIs and their molecular dispersions is Hot Melt
Extrusion (HME), we investigated the impact of stress conditions such as elevated
temperature and shear stress on that composition. Based on the obtained results we will
answer the question raised in the subject: Physically stable amorphous APIs – are they
ready for extrusion?
Acknowledgement: The authors are grateful for the financial support received within the Project No.
2015/16/W/NZ7/00404 (SYMFONIA 3) from the National Science Centre, Poland.
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Proteomic enrichment of urine by renal excretion of graphene oxide
Livia Elena Crica, Lana Papafilippou, Dhifaf Jasim, Marilena Hadjidemetriou,
Kostas Kostarelos
Nanomedicine Lab, National Graphene Institute and Faculty of Biology, Medicine & Health,
The University of Manchester, United Kingdom
livia.crica@postgrad.manchester.ac.uk, kostas.kostarelos@manchester.ac.uk
Graphene oxide is a novel carbon nanomaterial that has generated a lot of scientific
interest, particularly as a drug delivery platform. Studies conducted in our group [1] have
shown that a considerable fraction of well-defined graphene oxide (GO) flakes undergoes
renal excretion after intravenous administration in murine models, in the absence of
kidney damage [2]. Considering that the lateral size of our GO sheets (20 nm – 1.6 µm,
90% <225 nm) is above the glomerular filtration size cut-off, this is a rather surprising
result. We have also shown that intravenously administered nanoparticles will obtain a
rich biomolecular coating upon blood circulation [3]. Based on these findings, GO flakes
travelling from the systemic blood compartment to the bladder are expected to carry
additional biomolecules into the urine in the absence of tissue damage.
Our hypothesis is that the urinary excretion of GO after intravenous administration can
lead to the enrichment of proteomic content in urine. Hereby we report the structural and
proteomic analysis of thin graphene oxide sheets recovered from urine after intravenous
administration and renal excretion in murine models. A dose of 50 µg GO was injected in
BL6/C57 female mice via tail vein and their urine was collected at 4 hours post-injection.
GO was recovered from urine by ultrafiltration and characterised by Raman spectrometry,
transmission electron microscopy, protein electrophoresis and mass spectrometry
techniques. Our results confirmed that the renally excreted GO sheets lead to the
presence of more proteins in the urine. Our protocol allowed the removal of most of the
highly abundant urine proteins, enabling the detection of numerous low abundant
proteins. This study demonstrates that urinary excretion of 2D nanomaterials can reveal
further insights regarding the impact of biomolecule corona adsorption in vivo and the
mechanisms by which such structures can translocate biological barriers.
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A multidimensional linear free energy approach for modelling solvation
Derek P Reynolds
Reytek Consulting, Macclesfield, UK
Equations have been developed for the quantitative calculation of solute interactions with
solvents. The solvation free energy (G0) is described using multiple Linear Free Energy
Relationships (LFERs) with an independent equation for each postulated interaction site.
Appropriate parameters can be assigned based on atom type and local structural
environment and the number and type of LFER refined by fitting to experimental data. The
equations are general and applicable with a variety of possible LFERs.
Results will be described for a proof of concept model in which Hunter’s one dimensional
LFERs (i.e. they describe association involving just a single H-bond) [1] provide suitable
parameters of α and β [2] for description of polar functional groups. The new model
quantifies solvation of a molecule by summation over all sites of interaction with solvent.
Although values of α and β for non-polar interaction sites have been derived for some
solvents [3] often they cannot be derived directly from association experiments. In the
new model values for additional parameters can be derived by iterative minimisation of
the root mean square difference (rmsd) between experimental and calculated values of
G0 for partition into a variety of solvents.
Calculations were performed on a database of over 2000 gas->liquid partition G0 values.
30 different solvents and 298 solutes were represented. The overall rmsd between
calculated and experimental values was <1.5 kJ mol-1.
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The Marcus relation and aerobic cytotoxicity of redox cycling quinones,
nitroaromatic compounds and aromatic N-oxides
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Quinones (Q), nitroaromatic compounds (ArNO2) and aromatic N-oxides (ArN→O) exhibit
the oxidative stress-type cytotoxicity due to their redox cycling initiated by the singleelectron reduction by flavoenzymes dehydrogenases-electrontransferases. This is an
important factor or/and side-effect for their anticancer activity. The single-electron
reduction of Q and ArNO2 is described by the Marcus-type relations, i.e., linear or
parabolic dependence of log (rate constant) on their E17 (the single-electron reduction
potential). Typically, quinones are by ~10 times more reactive than ArNO2 due to their
different electron self-exchange rate constants (kex), 108 M-1s-1 vs. 106 M-1s-1.
In order to better understand the mechanisms of ArN→O cytotoxicity, we examined the
reduction of a series of tirapazamine derivatives by rat NADPH:cytochrome P-450
reductase and bovine NADPH:adrenodoxin reductase/adrenodoxin. In both cases, the
reactivity of ArN→O was described by the Marcus-type relations. It correlated with the
reactivity of quinones, being significantly higher than the reactivity of ArNO2. This was in
line with the calculated kex of tirapazamines, ≥108 M-1s-1. The cytotoxicity of compounds in
murine hepatoma MH22a cells was also described by linear log cL50 vs. E17 relations, where
cL50 is the compound concentration for 50% cell survival. However, in this case the
cytotoxicity of a series of ArN→O was by ~10 times higher than that of quinones and
nitroaromatics, whose cL50 values were similar. The antioxidant N,N’-diphenyl-pphenylene diamine and Fe-chelator desferrioxamine decreased the cytotoxicity of all three
groups of compounds examined, thus pointing to prooxidant character of their action. The
disagreement between the relative rates of enzymatic redox cycling and cytotoxicity is not
related to the compound lipophilicity. The subsequent use of the inhibitor of NAD(P)H:
quinone oxidoreductase (NQO1), dicumarol, and the inhibitors of cytochromes P-450,
izoniazide, α-naphthoflavone and miconazole, revealed that the above enzymes modulate
the cytotoxicity of all three groups of compounds in different way. The inhibition of their
action partly restores the order of cytotoxicity expected from the redox cycling rates,
ArN→O ≥ Q > ArNO2. In conclusion, this study demonstrates the usefulness of the Marcus
model for the discrimination between the different mechanisms of cytotoxicity of
prooxidant compounds.
This work was supported by the European Social Fund (Measure No. 09.33-LMT-K-712, Grant No.
DOTSUT-34/09.3.3.-LMT-K712-01-0058) (A.N.-Č., J.Š., L.M., A.M., N.Č.).
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Acid-reducing effect of antacids in in vitro experiments
Domagoj Segregur, Talia Flanagan1, Eva Karlsson2, Matthias Hoch1, Andrea Moir1,
David Carlile1, James Mann1, Jennifer Dressman
J.W. Goethe University, Germany
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AstraZeneca UK Limited, UK
2
AstraZeneca SE, Sweden
Due to their simplicity, competitive pricing and fast onset of action, antacids are widely
used in the self-medication of heartburn and dyspepsia [1]. In a previous publication we
have described an in vitro method discriminating among antacids with respect to their
influence on gastric pH [2]. The current study aimed at comparing the acid-reducing effect
of selected antacids from the German and the US market using this dissolution method.
We compared antacid products form the German and US markets in three different ways:
a) using the dose recommended in each country, b) using comparable amounts of the
active ingredient or c) using one dosage unit per vessel.
In dissolution testing of the antacids according to their recommended doses, all antacids
raised the pH to well over the standard criterion, pH 3.5. Liquid formulations achieved the
maximum pH within 5 minutes, whereas tablet formulations were more variable, with
time to reach maximal pH ranging from 5 to 30 minutes.
When comparable amounts of the active antacid substances were studied, the results
were similar to those with the recommended doses, with the exception that the pH was
raised more slowly.
When just one dosage unit was studied, the liquid formulations reached the maximum pH
within 10 minutes, while the chewable tablets took almost 60 minutes to achieve the
maximum pH and one of the products was unable to raise the pH to pH 3.5.
The data suggest that all antacids studied are able to raise pH in vitro sufficiently (i.e. to
pH 3.5 or above), when the recommended doses are followed.
Acknowledgment: We kindly thank AstraZeneca UK for funding and support during this study.
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Influence of ionization in skin PAMPA permeability
Sara Soriano-Meseguer, Elisabet Fuguet, Martí Rosés
Departament d’Enginyeria Química i Química Analítica and Institut de Biomedicina (IBUB),
Universitat de Barcelona, Martí i Franquès 1-11, E-08028 Barcelona, Spain
Estimation of skin permeation is very important in the process of drug delivery of the
pharmaceutical and cosmetics industries. Among the in vitro models used to determine
the skin permeation, the Franz cell diffusion method is the most popular. However, these
methods are laborious, costly and ethically questionable, beside suffer low reproducibility
intra- and inter-laboratory. The Parallel Artificial Membrane Permeabiliy Assay (PAMPA)
was developed by Kansy [1] for the fast determination of the permeability trough passive
diffusion. This technique is crucial in the early stage of drug discovery and it has many
advantages like low cost and high-troughput. The first published models were for the
prediction of gastrointestinal asbsorption (GIT PAMPA) [2] and later the skin PAMPA
model was developed for the prediction of skin permeation [3]. This artificial membrane
consists of certramides, cholesterol, stearic acid, and silicone oil. One relevant feature on
skin PAMPA permeability is the influence of the pH. Given that few articles have been
published about it [3], in the present work the permeability vs. pH profiles of drugs of
different acid-base nature are obtained through a general equation which relates the
overall measured permeability with the pH.
Skin PAMPA assays are carried out under gradient-pH conditions to mimic the pH change
between stratum corneum and underlying epidermis and dermis (sink conditions). For this
reason, the donor compartment pH is varied between 3 to 10 and the acceptor
compartment pH is maintained at pH 7.4. The assay conditions are 4 hours with stirring in
both compartments to minimize the aqueous boundary layer contribution to the
measured permeability, and an incubation temperature of 32 °C.
Fitting of permeability vs. pH provides the permeability of the neutral and ionic form and
the pKa values of the drugs in the aqueous solution. In all cases the permeability of the
anions and cations is much lower than that of the neutral forms, however there isn’t a
clear relationship between the values of the ionic and the neutral forms. The pKa values
obtained from the fitting can be linearly related to the aqueous pKa values of the drugs.
Finally, some compounds show anomalous permeability values at pH higher than 8 and
especially at pH 9 and 10 due to the loss of membrane integrity at basic pH.
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The influence of the background salt in the n-octanol/water distribution
coefficient of ionizable drugs
Clara Ràfols1,2, Martí Rosés1,2, William Zamora2,3,4, F. Javier Luque2,3,4
1

Department of Chemical Engineering and Analytical Chemistry,
University of Barcelona, Spain
2
Institute of Biomedicine (IBUB), University of Barcelona, Spain
3
Department of Nutrition, Food Science and Gastronomy, University of Barcelona, Spain
4
Institute of Theoretical and Computational Chemistry (IQTCUB),
University of Barcelona, Spain
The lipophilicity of (bio)organic compounds is of utmost significance in pharmaceutical,
environmental and biochemical research, because it influences a number of key processes
in drug discovery, such as absorption, distribution, metabolism, excretion and toxicity
(ADMET), structure-activity relationships (QSAR), molecular recognition, and guidelines for
xenobiotics (e.g agrochemicals). The lipophilicity profile of a compound is represented by
the plot of the log D in a range of pH (usually 2 to 12). Usually, this property is measured in
physiological conditions of ionic strength (I = 0.15 mol/L). However, the log D is highly
dependent on the background salt in a range of ionic strength of 0.001 to 0.15 mol/L.
There is increasing interest in exploring the relationship between lipophilicity and the
concentration of the counter ion (CI+) of the ionic species of the compound (X-). It is widely
accepted the transfer of charged species as ion pairs (CI+X-). However, if all ionic species
were fully dissociated (i.e., no ion pair formation), the partition of ionizable compounds
would depend on the Galvani potential at the interface between two immiscible
electrolyte solutions (ITIES).
The aim of this work is to review the scope of a model that includes both the effect of the
Galvani potential and ion-pairing for determining the lipophilicity profiles of ionizable
compounds. To this end, the work will require to measure the log PI of monoacid and
monobasic compounds using the potentiometric method, in conjunction of an extended
scanning of concentrations of the background salt. The results would help understanding
the effect of salt background and open the door to the study of the partition of
compounds either in environments of low or high ionic strength.
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Effect of some solid hydrophilic carriers and simulated intestinal fluids on
dissolution rates
Diego Lucero-Borja1, Xavier Subirats1, Elisabet Fuguet1, Rebeca Ruiz2, Clara Ràfols1
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The bioavailability of orally administrated active pharmaceutical ingredient (API) greatly
depends on its solubility along the gastrointestinal tract. Solubility enhancing excipients
are of paramount importance in the development of low solubility promising compounds
into clinically effective formulations.
The present work studies the effect of solid hydrophilic water soluble carriers on the
dissolution rates of physical mixtures of APIs. Three active principles were selected as
model compounds: the anti-inflammatories isoxicam and piroxicam, and the
antihypertensive benzthiazide. In addition, commonly used solubility enhancers were
included in this research, particularly cyclodextrins (Cavasol and Captisol), povidones
(Kollidon K17 and Plasdone S-630) and hydroxypropylcellulose (Klucel EF).
Pure API and solid solubility enhancers were mixed in different weight ratios of 1:1, 1:2,
and 2:1, and the dissolution rates of the prepared tablets were studied for a minimum of 2
hours at different pH sectors (2.0 followed by 5.8 or 6.5, or individually at 2.0, 5.8 or 6.5).
Tablet breakages were frequent at 75 wt.% carrier during dissolution experiments, and
generally at 25 wt.% the effect of excipient on the dissolution rate was not significant.
Kollidon was found to be the most successful dissolution rate enhancer for benzthiazide at
a weight ratio of 1:1, whereas Klucel was the leading carrier for isoxicam and piroxicam.
Additionally, fasted-state and fed-state simulated intestinal fluids were assayed for
comparison purposes, showing an improvement in the dissolution rates of APIs due to the
presence of bile salts (sodium taurocholate) and lecithin in the dissolution media.
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Lipophilicity determination by a cationic microemulsion electrokinetic
chromatography system
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Lipophilicity, defined as the ability of a compound to be dissolved in non-polar solvents, is
one of the most important properties studied in the drug discovery process. Lipophilicity
can be evaluated through different parameters, being the most widely used the octanolwater partition coefficient (Po/w). Throughput methods to estimate Po/w, such as the
microemulsion electrokinetic chromatography (MEEKC), have been recently developed. In
previous works [1,2], a MEEKC system consisting on a microemulsion composed of sodium
dodecyl sulfate (SDS), 1-butanol, and heptane was used to estimate log Po/w of neutral
compounds through their retention factor (k) in the MEEKC system.
In this work, a MEEKC system based on a microemulsion formed by tetradecyltrimethylammonium bromide (TTAB), 1-butanol, and heptane has been evaluated to estimate log
Po/w values. This new microemulsion has been studied because positive charged solutes
can interact electrostatically with SDS (an anionic surfactant) and hinder the k calculation.
With this aim, the TTAB MEEKC system has been characterized through the solvation
parameter model (SPM) developed by Abraham [3]. SPM is used to model the solvation
that a neutral solute undergoes in a biphasic system through five different molecular
descriptors. Through a multiple linear regression between the log k values, determined in
the TTAB MEEKC system, and the molecular descriptors of a set of neutral solutes, the
coefficients of the TTAB MEEKC system have been obtained. Later, these coefficients have
been compared with others from another systems, concluding that TTAB MEEKC system
could surrogate the octanol-water partition process.
Finally, good log Po/w - log k correlation, for a set of neutral compounds that present
uniformly distributed log Po/w data, has been obtained.
1.

2.

3.

X. Subirats, H.P. Yuan, V. Chaves, N. Marzal, M. Rosés, Microemulsion electrokinetic
chromatography as a suitable tool for lipophilicity determination of acidic, neutral, and basic
compounds, Electrophoresis. 37 (2016) 2010–2016.
M.H. Abraham, C. Treiner, M. Roses, C. Rafols, Y. Ishihama, Linear free energy relationship
analysis of microemulsion electrokinetic chromatographic determination of lipophilicity, J.
Chromatogr. A. 752 (1996) 243–249.
M.H. Abraham, Scales of solute hydrogen-bonding: their construction and application to
physicochemical and biochemical processes, Chem. Soc. Rev. 22 (1993) 73.

September 9 - 11, 2019, Split, Croatia

42

8th IAPC Meeting

P 08
Estimation of the octanol-water distribution coefficient of ionizable compounds
by microemulsion electrokinetic chromatography measurements
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In this work, the feasibility of the determination of lipophilicity of partially ionized
compounds (log Do/w) by microemulsion electrokinetic chromatography (MEEKC) has been
estudied. Two different MEEKC systems have been used: one for acidic solutes and
another for basic compounds. Both MEEKC systems are composed of 1-butanol and
heptane, although different surfactants are used to avoid the electrostatic interactions
with the charged compounds: sodium dodecyl sulfate (SDS, anionic surfactant) for acids
and tetradecyltrimethylammonium bromide (TTAB, cationic surfactant) for bases. With
this aim, log k-pH profiles have been measured for 6 and 8 monoprotic acids and bases,
respectively. Moreover, their log Do/w-pH profiles have also been established by employing
data from the literature.
Next, for each compound its log Do/w has been plotted against its log k at any ionization
degree. If the estimated values are compared with the data from the literature
(determined mainly by the shake-flask and potentiometric methods), accurate values have
been obtained using the MEEKC methods when the compounds are partially ionized or in
their neutral form. Whereas, this parameter is overestimated when ionisable solutes are
highly or fully ionized.
Finally, the same procedure has been used for the log Do/w estimation at pH=7.4 (blood’s
pH) of a set of additional compounds (comprising acid-base substances fully and partially
ionized). The results obtained at this pH follow the same trend as previously seen, and
validate the applicability of MEEKC for log Do/w estimation except when α is really high
(>0.995) or equal to 1.
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Protonation microequilibria of lapatinib interpreted by experimental UV/Vis
absorption and TD-DFT calculations
Ilze Grante, Liāna Orola, Andris Actiņš
University of Latvia, Jelgavas iela 1, Riga, Latvia
Lapatinib, a second-generation tyrosine kinase inhibitor, is a quinazoline-based anticancer
drug exhibiting three protonable sites.[1] Hereby, its physicochemical properties, e.g.
binding with receptor, pharmacokinetics etc., can by significantly affected by its
protonation state.
Our previous study[2] highlighted challenges associated with unumbigous interpretation
of lapatinib protonation microequilibria. To address these issues DFT optimized
geometries of variously protonated species were calculated and energy rankings were
obtained in gas phase, ethanol and DMSO media. Theoretical UV/Vis absorption spectra
obtained by TD-DFT calculations allowed for subsequent interpretation of the
experimental absorption spectra in ethanol media depending on pH. The study revealed
that basicity of lapatinib was not altered by DMSO compared to ethanol and confirmed
that both diprotonated forms of lapatinib were present in highly acidic ethanol solutions.
The project is supported by philanthropist SIA “Mikrotikls” and administrated by the University of
Latvia Foundation.
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Physicochemical aspects of subcutaneous administration of drugs
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Introduction
There are a growing amount of peptide and protein based pharmaceuticals with low oral
bioavailability [1]. For these biopharmaceuticals the subcutaneous route is often a suitable
alternative, but the bioavailability can vary greatly between the different pharmaceuticals
and formulations. The basic process of absorption from the subcutaneous formulation to
blood and lymph are quite well explored [1], but there is a lack of understanding of how
the interactions between pharmaceuticals and the subcutaneous extracellular matrix
(ECM) affects the bioavailability.
Aim
The aim of this project is to provide a mechanistic understanding of how pharmaceuticals
(especially biologics) and excipients in drug formulations interact with the components of
the ECM.
Method
Scattering methods such as SLS, DLS and SAXS are to be used together with NMR-diffusion
to gain information about structure and size of interaction complexes. For quantification
of interaction strength microgels consisting of cross-linked components of the ECM will be
used. The interactions between these microgels and different biopharmaceuticals or
excipients in solution will be investigated by a number of microscopy techniques. These
includes visual light, fluorescence and confocal microscopy, also confocal Raman
microscopy.
Expected outcomes
The investigation of the interactions will provide the basis for the development of novel in
vitro methods to model the behavior of subcutaneously administrated pharmaceutical
products.
It will also provide the basis for development of new subcutaneous formulations with
microgels or linear hyaluronic acid as carriers.
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Towards an in vitro model of subcutaneous injection
Agnes Rodler, Anna Smirnova, Per Hansson
Department of Pharmacy, Uppsala University, Sweden
The subcutaneous (SC) route of drug delivery increasingly emerges as an important
alternative to the oral and intravenous routes of drug administration [1]. In contrast to the
latter two ways of delivery, there is need for a standardized in vitro model to predict in
vivo absorption and bioavailability of drugs administered by SC-injection [2]. To
substantially improve the release of biotherapeutics, it is essential to understand which
fate a drug formulation undergoes from the site of injection until the uptake by the blood
capillaries and lymphatic system. We are aiming to identify the biophysical factors which
affect the transport through the subcutaneous space and to study to which extent the
interactions can be related to molecular size- or charge.
In order to get a grounded mechanistic understanding of subcutaneous drug transport, we
fabricated a hydrogel from the major components of the SC-tissue: Collagen type I, which
provides structural rigidity, and Hyaluronic acid, which represents the negatively charged
polyelectrolyte backbone of proteoglycans. We synthesized a library of methacrylated
Collagen (30-50 % methacrylation) and thiolated Hyaluronic acid (11-29 % thiolation) in
order to crosslink them to a hydrogel by Thiol-Michael addition click reaction. There, we
focused on crosslinking the building blocks at low degrees of functionalization to maintain
the native charge environment while still yielding a mechanically stable hydrogel.
We investigated the interaction of model proteins of different size and charge with the
synthesized hydrogels in an interstitial-fluid-like environment by equilibrium binding
isotherms and combine this information with diffusion studies captured by confocal
microscopy. Finally, different mesh sizes of the hydrogel networks derived by rheometry
add to the characterization of this simplified tissue model.
References:
1.
2.

G.B. Jones, D.S. Collins, M.W. Harrison, N.R. Thyagarajapuram and J.M. Wright, Subcutaneous
drug delivery: An evolving enterprise, Sci Transl Med. 9, 405 (2017) 1-3.
M.R. Turner, S.V. Balu-Iyer, Challenges and Opportunities for the Subcutaneous Delivery of
Therapeutic Proteins, J. Pharm. Sci 107(5) (2018) 1247-1260.

September 9 - 11, 2019, Split, Croatia

46

8th IAPC Meeting

P 12
Novel in vitro models for subcutaneous administration of drugs – Peptide
diffusion in polyelectrolyte gels
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Background
Subcutaneous (SC) injection is a common route of administration in clinical medicine
today, in particular for sensitive biopharmaceuticals with poor oral bioavailability [1].
However, for many biopharmaceutical formulations administered via the SC route the
bioavailability is variable and incomplete, being in the range of 20-100 % [2]. Currently
there is no standard accepted medium for simulation of the human SC environment [3].
Therefore, there is a need to develop and validate physiologically relevant in vitro models
for subcutaneous administration of drug formulations.
Aim
The aim of this project is to study physicochemical aspects of the absorption of drug
molecules after subcutaneous administration. The interactions of model drugs with the
biopolymers present in the human extracellular matrix e.g. hyaluronic acid and collagen,
will be investigated as well as the contribution of diffusion and convection to their
transport.
Methods
Hydrogels of cross-linked hyaluronic acid and collagen were synthesized and the diffusion
of model peptides through these gel matrices was investigated. A number of
complementary analytical and imaging techniques are used including confocal laser
scanning microscopy, fluorescence recovery after photo bleaching, confocal raman
spectroscopy, diffusion NMR and microdialysis.
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Biphasic dissolution studies of chosen drugs beyond Rule of 5
Magdalena Kierkowicz, Katerina Vernerova
UCB Pharma, Slough, United Kingdom
The emerging trend in pharmaceutical industry is exploring molecules beyond Lipinski´s
Rule of 5 (Ro5) [1]. In consequence the number of approved drugs and clinical candidates
with unfavourable properties such as high molecular weight and greater lipophilicity has
increased over recent years [2,3]. It is widely known that lipophilicity impacts solubility
and poor aqueous solubility is often compromising oral bioavailability [4]. Biphasic
dissolution enables to mimic physiologic dissolution environment while exploiting
lipophilicity of compound [5].
Here we determined physicochemical properties of two approved drugs velpatasvir and
daclatasvir. The aim of the study was to illustrate some of the challenges in development
of molecules beyond Ro5 and to predict in vivo performance of selected compounds in an
oral dosage form. Biphasic dissolution studies were performed using inForm platform. In
such a system are employed two immiscible phases: an aqueous and organic layer.
Gastrointestinal tract conditions were imitated by adjusting pH of aqueous phase. Lipid
component of biological membranes was represented by dodecanol. Dissolution studies
are valuable tool to understand limitations of compounds of interest and can be used to
discriminate candidates with similar properties.
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Separation of the native and desialylated human apo-transferrin sialoforms
using low-pressure pH gradient ion exchange chromatography
Tomislav Friganović, Valentina Borko, Tin Weitner
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Human transferrin is an iron binding plasma glycoprotein important for iron homeostasis.
Each human transferrin molecule contains two Fe(III) binding sites. The most abundant
human transferrin glycoform contains two biantennary oligosaccharide chains with four
terminal sialic acids. Physiological of pathophysiological changes in transferrin sialylation
may significantly alter thermodynamic and kinetic properties of iron binding. The purpose
of this study is to separate the native human apo-transferrin from the fully desialylated
apo-transferrin using low-pressure pH gradient ion exchange chromatography.
Desialylated apo-transferrin is prepared by incubation of immobilized neuraminidase
enzyme (Glycocleave, GALAB Technologies GmbH, Germany) in the buffered stock solution
of native apo-transferrin (2 mg/mL, pH = 5.5, t = 38 °C). After incubation for 48 hours, the
desialylated sample is collected, washed out and concentrated by centrifugal filtration.
Sialoform separation is performed by using specialized pH gradient ion exchange
chromatography buffers (pIsep, CryoBioPhysica Inc., USA). The mixture of fully
desialylated apo-transferrin and native apo-transferrin is dissolved in the start buffer pIsep
A (pH = 8) and injected onto HiTrap Q HP anion exchange chromatography columns (GE
Healthcare Bio-Sciences AB, Sweden). Two 1 mL columns are connected in a series for
improved separation. Elution is done by single step linear gradient (0 – 100 % pIsep B, pH
= 4) using ÄKTA Start FPLC system (GE Healthcare). Protein concentration in the eluate is
monitored by measuring absorbance at 280 nm and protein fraction recovery can be
calculated by integration over chromatogram surface area. After separation, pH value of
each fraction containing eluted protein is measured. The measured pH value corresponds
to approximate protein pI value. The observed pI values for the native and desialylated
apo-transferrin sialoforms differ significantly (pI ≈ 4.8 for the native and pI ≈ 6 for the
desialylated) and hence can be fully separated. The FPLC pH gradient separation provides
a fast, simple and cost-effective method for for purification and separation of different
sialoforms of apo-transferrin. The method can easily be modified for other glycoproteins
and is particularly appropriate for quick testing of protein sialic acid content prior to
verification by mass spectrometry.
Acknowledgement: This work was supported by funding from the
Croatian Science Foundation grant UIP-2017-05-9537 - Glycosylation as
a factor in the iron transport mechanism of human serum transferrin
(GlyMech).
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Physico-chemical characterization of ovocystatin-albumin bioconjugates
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Ovocystatin, a protease inhibitor isolated from chicken egg white, is considered as a drug
for the supportive treatment of diseases characterized by excessive cathepsin activity e.g.
cancer and rheumatoid arthritis. Albumin is used in the pharmaceutical preparations as a
carrier for active substance and has be shown to accumulate at the inflammatory or
cancerous sites, and that is why it can be a tool for so-called targeted therapy.
The aim of the study was to develop conjugates of ovocystatin and bovine serum albumin
using different cross-linking agents.
SMCC and SM(PEG)4 crosslinkers (Thermo Scientific) were used for conjugation. The
efficiency of the conjugation was better for linker with PEG spacer arm as evaluated by
electrophoresis, Western-blot and particle size analysis. The SM(PEG)4 conjugate showed
higher inhibitory activity against papain than the SMCC conjugate. Both conjugates
contained some dimeric form and trace amounts of free albumin. Isoelectric focusing was
used for precise determination of isoelectric point of the SM(PEG)4 conjugate. It was
shown that pI of the conjugate (4.4) was different from that of the albumin (4.7). This
finding was the base for proceeding with chromatofocusing on PBE94 column in order to
separate the conjugate from free albumin. Elution with the pH gradient of 4.0-7.0 allowed
a partial separation of the two proteins. Chromatofocusing using narrow pH gradient
could result with successful separation of the conjugate from the redundant albumin.
In conclusion, conjugation amine-to-sulfhydryl crosslinkers that contains NHS-ester and
maleimide reactive groups at opposite ends seem to be suitable for synthesis of stable
ovocystatin conjugates.

September 9 - 11, 2019, Split, Croatia

50

8th IAPC Meeting

P 16
pH-Dependent solubility profiles of imipramine and amitriptyline hydrochlorides
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Amphiphilic tricyclic bases are surface-active, sparingly-soluble drugs, which can exhibit
complicated aqueous solution chemistry. New pH-Ramp Shake-Flask method was
previously applied to desipramine hydrochloride solubility studies and described in the
literature [1]. Solubility was measured using state-of-the-art experimental design,
recommended in the white paper on equilibrium solubility measurements [2]. The aim of
this study was to examine solubility-pH behavior of desipramine structural analogues:
imipramine and amitriptyline hydrochlorides (Figure 1). Imipramine and amitriptyline are
tricyclic antidepressants, which are used in the treatment of mental illnesses. pH-Ramp
Shake-Flask method was applied.

Figure 1. Structures of desipramine, imipramine, and amitryptiline hydrochlorides, respectively.

Appearance of aggregates (trimer, around pH 4 in imipramine case), which lead to slow
sedimentation, and oil forms make solubility determination extremely challenging. Oils
which are more soluble than crystalline forms are formed in alkaline solutions (above pH
7.8 in imipramine case). Sometimes in such cases, pH adjustment in that pH region can be
unpredictable. Furthermore, oil sticks to electrode making pH measurement difficult,
especially in amitryptiline case. Concentration was measured using HPLC with UV/Vis
detection. Different techniques were used for solid phase characterization. Solid phase
characterization is particularly important in complicated systems like this.
Acknowledgement: Ministry of Education, Science and Technological Development of Serbia
supported this work (Grant No. 172008 and 172035).
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Acid-base chemistry of the low water-soluble triprotic telmisartan
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Telmisartan is an angiotensin II receptor antagonist and it is widely used in the treatment
of hypertension. The molecule contains three proton-binding sites, two benzimidazol rings
and a carboxylate group. The acid dissociation constant (pKa value) is a key parameter to
characterize the protonation state of a molecule with respect to pH. Knowledge of this
parameter is particularly important to the predict the pharmacokinetic ADME properties
since absorption and distribution are highly affected by the ionization state and charge
distribution of the compound. It is also necessary for the measurements of pH-dependent
molecular properties, such as solubility and lipophilicity. The aim of the study was to
characterize the acid-base chemistry of telmisartan by different independent methods.
UV/pH titration in aqueous medium and UV-pH titration in methanol-water mixture as
well as 1H NMR-pH titration were applied for the highly precise measurement of
protonation macroconstants. Due to its low water solubility potentiometry in aqueous
solution cannot be applied for the investigation of ionization properties. However, it
possesses pH-dependent UV absorption due to the chromophores in the proximity of the
ionizable groups, and therefore the pKa values were determined by UV/pH titration and
were found: pKa1 = 3.03 ± 0.04, pKa2 = 4.22 ± 0.09 and pKa3 = 6.08 ± 0.07. The results are in
good agreement with pKa values obtained by Yasuda-Shedlovsky extrapolation from the
methanol-water cosolvent system. Moreover, these results were also confirmed by the 1H
NMR-pH titration. The pKa values of telmisartan (at 25.0 °C and 0.15 M ionic strength)
were found: pKa1 = 3.10, pKa2 = 4.28, pKa3 = 6.19, calculated as an average of the three
values obtained by independent methods. Based on the Yasuda-Shedlovsky extrapolation
and the 1H NMR-pH titration, the dissociation steps of telmisartan can also be interpreted.
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Polymorphism of drugs is a common phenomenon what can influence the equilibrium
solubility and dissolution kinetic thereby can modify their absorption and bioavailabilty.
Oxytetracycline hydrochloride (OTCH) is a long-time applied antibiotic showing
polymorphism. Therapeutic non-equivalalence of generic OTCH capsuls and tablets was
contributed to the different solubility data of polymorphs without their comprehensive
study. In this work our aim was to reveal the effect of polymorphism on equilibrium
solubility, dissolution kinetic and supersaturation of OTCH. Thermodynamically stable
Form A was commercially available, less stable Form B was prepared in our laboratory in a
mixture of MeOH:HCl using process controlled system with in-line Raman probe. The
equilibrium solubility of two polymorphic forms was measured in biorelevant pH range
4.0-7.4, using standardized shake-flask method. To reveal which form is present at the
solubility equilibrium the solid phase of the solubility suspension was analysed with XPRD,
Raman spectroscopy, while the starting matetials with IR and SEM as well. No significant
difference of equilibrium solubility values was found at this pH region between the two
forms. Intrinsic solubility: 313 ± 21 µg/mL was obtained at pH 5.0 where OTCH is present
as zwitterionic form. The XPRD analysis of the solid phases proved that both forms were
converted to an identical dehydrate from during the solubility equilibration which
supports the identical SSF results. In situ monitoring of the dissolution (0-24h) at pH 5.0
performed by ATR-UV prove attached to µDISSTM profiler showed immediate dissolution,
no difference in supersaturation and a short equilibration time for both forms. Next the
solubility in SGF (pH1.2) was measured using 1h incubation time to avoid the
decomposition. Here Form B showed 1.67 times higher solubility than Form A. The effect
of pH change from 1.2 to 5.0 on solubility was studied to simulate what happens at the
stomack – intestine transfer. No precipitation was observed in the first hour at pH 5.0
from the high concentration solution prepared at low pH what means about 5 times
supersaturation. Summarising, we proved no difference in equilibrium solubility at pH
range 4.0-7.4 between the polymorphs due to the conversion into a common product.
With this we cut a long-time erroneous chain-citation about 28x intrinsic solubility
differerence between the forms. Going back to the original paper of Burger et al.
published in Pharm. Acta Helv (1986, 61, 98-205), turned out that the solubility of
polymorphs was measured not in water but in isopropanol. Real time monitoring of
dissolution provided further information about the dissolution performance of the two
froms, being complete agreement with SSF results. The kinetic solubility difference in SGF
and the supersaturation exists on pH change 1.2 → 5.0 can contribute to the
interpretation of the therapeutic non-equivalence of solid OTCH products.
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The study of polymorphism is important in drug research and development, since the
different physico-chemical properties of the polymorphs may affect the stability,
solubility, dissolution, and therefore the bioavailability of the substance. Measuring the
solubility of polymorphs can be difficult, since in the presence of a solvent different
changes can be observed in the crystalline structure of the compound: the less stable form
can be converted to the more stable form; depending on the solvent, a hydrate or solvate
may be formed. Therefore, equilibrium solubility assays for polymorphs must be
complemented by solid phase analysis to provide accurate information on possible
transformations. In our work we investigated the pH-dependent equilibrium solubility of
two carvedilol polymorphs (Form I and Form II) according to a standard protocol, in the pH
range of 3-11, using saturation shake-flask method and µDISS ProfilerTM. Measurements
were performed using two solutions: Britton-Robinson (B-R) buffer with standard ionic
strength, and B-R buffer where the ionic strength was modified with 0.15 M KCl. Solubility
results were compared to the values predicted by the Henderson-Hasselbalch equation. In
two different buffers (pH 6 and 6.5), in-situ UV probes were used to monitor the
dissolution in real-time, so it was possible to obtain precise information on the time
needed to achieve the solubility equilibrium and the rate of supersaturation. At the end of
the solubility measurements, the solid phase was analysed by X-ray powder diffraction
and Raman spectroscopy. Twofold difference was found between the solubility of the two
forms. It was proved that the crystalline structure of the two polymorphs does not change
during the measurement, and salt formation could be observed in the acidic pH range (pH
≤ 6.5). The counterion and solubility of the salt were found different in various buffer
solutions.
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The in vivo predictive power of traditional (USP) dissolution tests have been used to
compare performance of different drug formulations is questionable. When additives, such
as surfactants, polymers and cyclodextrins are used to enhance the dissolution they have an
effect not only on dissolution profile, but also on flux through the membrane. The aim of this
study was to investigate the effect of formulation additives, food and dose on the in vitro
dissolution-permeation profile of Itraconazole, and compare to in vivo data. 3 formulations
of Itraconazole: Sporanox solution (100 mg dose), Sporanox capsule (100 mg dose) and
Losanoc capsule (50 mg dose), were tested using BioFLUXTM. Real time concentration
monitoring in both dissolution and absorption chambers was enabled through fiber optic UV
probes (Pion Inc). Kinetic solubility of the API was determined in absence and in presence of
formulation additives used in Sporanox and Lozanoc formulations. To simulate the in vivo
conditions, media change from simulated gastric fluid (SGF) to fasted state simulated
intestinal fluid (FaSSIF) was carried out after 30 minutes. In the case of Sporanox solution
Itraconazole stayed fully dissolved in SGF (400 µg/mL) stage of procedure, while changing
the pH triggered its immediate precipitation. Sporanox capsule showed different behavior as
the API created a supersaturated solution and already started to precipitate in SGF. Losanoc
formulation, containing HPMC-P, a polymer with pH dependent dissolution, only started
releasing the API in significant amount after media change was conducted. Although the
dissolution and precipitation kinetics of the two capsules were quite different, the flux
results showed no significant difference (Sporanox: 0.235±0.033, Losanoc 0.272±0.008) and
were in agreement with in vivo cmax results. The flux of ITRA from Sporanox solution was
found to be ca. 4 times higher than from any of the capsule forms. This is in agreement with
the statement of FDA, that the bioavailability of ITRA is greater from Sporanox solution,
therefore the solution and the capsule are not bioequivalent products. For simulating the
conditions after food intake in the gastrointestinal tract, fed state simulated intestinal fluid
was used in the donor compartment. While in the case of capsules similar flux results were
obtained (0.424±0.005 and 0.407±0.014), which predict well the similar in vivo cmax values;
the flux result of the API from its cyclodextrin-based solution was found superior to the
capsule formulations. The dissolution and flux results of three marketed Itraconazole
formulations were compared in fasted and fed state to each other and to the in vivo study
results published by the manufacturers. The in vitro test was found to be successful in
predicting differences between formulations caused by using different excipients and
produce the same rank order of formulations in fasted and fed state as in vivo results do.
Interestingly, in the case of Sporanox solution negative while in case of Sporanox capsule
positive food effect was observed. These results are in agreement with in vivo data and the
recommendation for taking the solution before and the capsule after meal.
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Cationic-amphiphilic molecules are an important group of active substances which are
commonly used in cancer therapy, as antidepressants and antihypertensive agents.
Microgels, on the other hand, are crossed-linked polymer networks which are sensitive to
environmental variables such as temperature, pH and ionic strength.
The swelling/deswelling concept of the microgels is very important in drug release
profile[1]. By this means, a large amount of drug of opposite charge can be loaded inside
the microgels by ion exchange mechanism[3] to deliver it to the desired target inside the
body[1,2].
Micromanipulator-assisted light microscopy has been used to investigate a single microgel
during release of amitriptyline, a cationic amphiphilic drug. In this technique the gel
positioned in a liquid flow of 150mM NaCl to give control over the stagnant layer transport
[3]. In addition, a µdiss profiler was used to determine the the binding ratio of the
amitriptyline inside polyacrylate microgels.
As a result, there is a difference in phase behavior between the loading of a single
microgel and the loading of a population of microgels. In the later, microgels have no
intermediate phases and they are either fully collapsed or swollen. Furthermore, the
volume of the microgel affect the swelling rate during the release process inversely and
the transport of amitriptyline from the core to the medium can be described by the
internal depletion-layer mechanism.
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Polymeric micelles are core-shell nanoparticles formed by self-assembly of amphiphilic
block copolymers. They are considered attractive drug delivery systems because of their
high capacity for incorporation of water-insoluble drugs. Caffeic acid phenethyl ester
(CAPE) is one of the components of propolis from honeybee hives. CAPE has poor
solubility in physiological media that limits its clinical application as anticancer and
antioxidant agent. The present study was focused on the loading of CAPE in copolymeric
micelles and further physicochemical characterization of the micellar system. CAPE was
incorporated in micelles based on poly(ethylene oxide)-b-poly(ε-caprolactone)-bpoly(ethylene oxide) (PEO-b-PCL-b-PEO) copolymer. An additional modification of the
core forming polymer with moieties identical with CAPE molecule was performed aiming
to optimize its loading in the micelles. It is known that the affinity of the active molecule
to the core-forming polymer is of a big importance for the efficient loading and drug
release. Thus, the affinity of CAPE to the hydrophobic segments of the developed
copolymeric carriers was evaluated by calculation of Flory-Huggins parameter. Detailed
physico-chemical characterization of the formulated micelles was performed by dynamic
and static laser light scattering, electrophoretic laser doppler velocimetry and X-ray
diffraction (XRD). The physical stability of the prepared blank and CAPE loaded micelles
was evaluated aiming to ensure the persistence of the system upon storage. The
evaluation included determination of size, size distribution and drug loading of micellar
dispersions at certain time intervals. The safety profile of the micelles was assessed in
vitro on mouse fibroblast cells (L929) by MTT-dye reduction assay and lactate
dehydrogenase (LDH) leakage.
Acknowledgements: The financial support from the National Science Fund of Bulgaria (Contract DN09/1-2016) is greatly acknowledged.
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Cyclodextrins improve solubility of poorly soluble lipophilic drugs due to 1:1 complexation
in their nonpolar interior cavity. However, this decreases the fraction of free dissolved
drug in gut lumen and, as expected, reduces the concentration gradient for absorption
across the apical membrane. This solubility-absorption trade-off was taken into account
by a set of models developed by Dahan et al [1] and demonstrated on the 2hydroxypropyl-beta-cyclodextrin: progesterone system. [1,2] With the 1:1 complexation
equilibrium established, these implicit models calculate the boost in solubility and
reduction in absorption as linear and reciprocal functions, respectively, of the cyclodextrin
concentration. Sun, et al, interpreted the latter as the analytical cyclodextrin dose
concentration (i.e., dose / dose volume) and fixed its value. [2] Consequently, effective
solubility and permeability were fixed input parameters, as well, since the simulation
system used in [2] did not track cyclodextrin evolution through the GI tract.
Recently, we have incorporated explicit cyclodextrin as well as cyclodextrin-drug complex
tracking for liquid doses in the GastroPlus® software. [3] The 1:1 cyclodextrin-drug binding
equilibrium is observed at each point in time and space. It is assumed that the cyclodextrin
itself does not aggregate, is not absorbed, degraded, or affected in any way by the GI
environment other than transit. Moreover, the binding/dissociation kinetics is assumed to
happen instantaneously as supported by experimental observations. [4] A GastroPlus
model has been constructed for progesterone and validated against intravenous and oral
data. [5,6] Next, the effect of equimolar cyclodextrin on progesterone's bioavailability was
independently modeled with two mentioned methods: (1) Dahan's boost in solubility and
reduction in permeability, and (2) explicit tracking of all the involved molecular species.
Both were subsequently applied to four doses of progesterone (20, 100, 200, and 300 mg).
Dahan's static representation of the cyclodextrin effect tends to overestimate the area
under the blood plasma concentration vs. time curve (AUC(0-t)) by 6% at 20 mg, 16% at
100 mg, 36% at 200 mg, and 57% at 300 mg dose. Method (2) also reveals significantly
delayed t_max – the time to peak concentration. These results are not surprising in the
light of unusually high binding constant [1] between progesterone and cyclodextrin.
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Objectives: The main objective of present work was to prepare PLGA microparticles with
encapsulated vancomycin hydrochloride by spray drying of stable water-in-oil (W/O)
emulsions.
Methods: Aqueous phase containing vancomycin hydrochloride was dispersed in organic
PLGA solution. Emulsions were prepared using ultrasonic probe (Bandelin Sonopuls, 30 s
at 100% amplitude, 20 kHz). Aqueous to organic phase ratio was 1 to 10. Formulation
variables were: molecular weight of PLGA (~12 000 and ~100 000), type of organic solvent
(ethyl acetate and dichloromethane), presence of surface active agents (sorbitan
monooleate and poloxamer 407) and hydrophilic polymer (chitosan low Mw). Stability of
prepared emulsions was monitored visually in a glass cylinder. Size of the microdroplets
was monitored using optical microscope Olympus BX51. Stable W/O emulsions were
spray-dried (Buchi Mini Spray Dryer B-190). Morphology (SEM) and encapsulation
efficiency (HPLC) were analyzed.
Results: The choice of solvent and molecular weight of PLGA were critical formulation
parameters. Dichloromethane was found to be preferable solvent for the preparation of
stable PLGA W/O emulsions [1]. If poloxamer 407 or chitosan had been introduced to the
aqueous phase, stability of W/O emulsion containing high molecular weight PLGA was
significantly improved and small, uniform microdroplets were formed. On the other hand,
addition of sorbitan monooleate to the organic phase had a negative impact on emulsion
appearance. In case of low molecular weight PLGA, addition of poloxamer 407, chitosan or
sorbitan monooleate did not have any significant impact on emulsion appearance and
stability. However, it affected the performance of spray drying process [2].
Conclusions: Varying PLGA molecular weight and addition of different hydrophilic
polymers or surfactants to W/O emulsion affected appereance and stability of emulsion
and had influence on performance of spray drying process.
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Conformational properties and energetics of antihypertensive drug irbesartan in
cyclodextrin complexes
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Irbesartan (IRB) is a marketed pharmaceutical, which is mainly used for the treatment of
hypertension. Despite its potency, IRB appears to be highly lipophilic and this negatively
impacts the pharmacological properties of the drug. To overcome this problem, an IRB
transport complex with 2-hydroxylpropyl-β-cyclodextrin (2-HP-β-CD) was modeled and
computationally investigated. The inclusion complex is anticipated to present improved
physicochemical properties, and thus an enhanced pharmacological profile, as it has been
denoted that encapsulation into cyclodextrins may significantly increase drugs’
hydrophilicity. In this work, we combine various computational methods (molecular
docking, molecular dynamics and binding free energy calculations) to predict the
conformational evolution and the energetic contributions in IRB–2-HP-β-CD complexes.
Molecular dynamics simulations suggested the favorable formation of the above
complexes (IRB in two different orientations into 2-HP-β-CD) and identified the dominant
molecular interactions between IRB and 2-HP-β-CD. This study may assist subsequent in
vitro experiments aiming to optimize the pharmacological properties of blood pressure
regulators, such as IRB.
Acknowledgement: This research has been co-financed by the European Union and Greek national
funds through the program "Support for Researchers with Emphasis on Young Researchers" (call
code: EDBM34) and under the research title: "Preparation and study of innovative forms of
administration of pharmaceutical molecules targeting at improved pharmacological properties".
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Investigation of the structural properties of irbesartan and
irbesartan–2-hydroxypropyl-β-cyclodextrin complex in micelles
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Hypertension is a leading global risk factor for cardiovascular disease and results in the
death of nine million people annually [1]. Angiotensin II receptor blockers (ARBs)
represent a class of antihypertensive agents, which block the vasoconstrictive hormone
Angiotensin II by interacting with AT1 receptor. This mechanism of action inhibits the
effects of Angiotensin II [2]. Recent evidence in the literature points out that ARBs
beneficial effects are not limited to hypertension (i.e. exert anticancer, antidiabetic etc.
effects) [3]. For this reason, a lot of research is conducted by the scientific community in
order to comprehend and improve the pharmacological profile of ARBs.
Nine drugs constitute the class of the commercially available ARBs. These molecules are
lipophilic; therefore, they have poor aqueous solubility. However, the efficacy of each ARB
depends upon molecular properties such as solubility and acidity. These properties are
related to drug absorption, penetration into tissues and bioavailability. Irbesartan is the
ARB with the more desirable pharmacological profile.
An inclusion complex consists of two structural units. The one structural unit is called
“host” and forms a cavity, which is occupied by a second molecule, the “guest”.
Cyclodextrins (CDs) have appropriate structures for the entrapment of drugs, so they
readily form inclusion complexes [4]. 2-hydroxylpropyl-β-cyclodextrin (2-HP-β-CD) is a
biocompatible molecule. Micelles are nanoparticles used as novel drug delivery systems
for poorly water-soluble drugs. In this project the properties of IRB are studied using high
resolution NMR spectroscopy in its single or complex form with 2-HP-β-CD in micelles.
Acknowledgement: This research has been co-financed by the European Union and Greek national
funds through the program "Support for Researchers with Emphasis on Young Researchers" (call
code: EDBM34) and under the research title: "Preparation and study of innovative forms of
administration of pharmaceutical molecules targeting at improved pharmacological properties".
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Upon long-term storage, amorphous materials may undergo physical aging and/or
crystallization, which could influence their supersaturation and crystallization kinetics
during dissolution. In this study, we investigated the effect of physical aging and/or
crystallization of spray-dried amorphous solid on the supersaturation potential and
crystallization kinetics during dissolution process. Seven fully amorphous spray-dried
compounds
(indapamide,
metolazone,
glibenclamide,
hydrocortisone,
hydrochlorothiazide, ketoconazole and sulfathiazole) were used as model compounds.
These samples were stored at 75% RH and 25°C for 6 months or until they were
completely crystallized, whichever came first. Supersaturation potential and crystallization
kinetics parameters such as the apparent maximum supersaturation concentration
(Cmax,app), the area under the curve (AUC) and the crystallization rate constant (k) were
assessed and compared between the freshly spray-dried amorphous and stored samples.
The changes in solid-state properties were examined and monitored with differential
scanning calorimetry, Raman spectroscopy, powder X-ray diffraction and polarized light
microscopy. A µDISS Profiler was used to investigated the supersaturation potential and
crystallization kinetics at a 10-fold supersaturation ratio. From the study, there was no
statistically significant difference in the Cmax,app of indapamide, metolazone, glibenclamide
and hydrocortisone before and after physical aging and/or crystallation. However, the
spray-dried ketoconazole crystallised to 23% during the storage which compromised its
Cmax,app and AUC profoundly, and resulted in similar dissolution profiles as the fully
crystalline ketoconazole. A significant improvement in AUC and a reduction in
crystallization rate was detected for aged metolazone samples, which remained entirely
amorphous throughout the 6-month storage at 75% RH. Among the model compounds,
glibenclamide showed the highest improvement in supersaturation potential obtained via
amorphization. It was also demonstrated in the study that besides crystallization of
amorphous solid during storage, crystallization upon dissolution may negatively affect the
supersaturation potential of fully amorphous compounds, which was observed in the case
of hydrochlorothiazide, hydrocortisone and sulfathiazole.

September 9 - 11, 2019, Split, Croatia

62

8th IAPC Meeting

P 28
How compression affect the physical stability of amorphous pharmaceuticals
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Currently, the pharmaceutical industry is struggling with the problem of solubility-limited
bioavailability of known and just discovered Active Pharmaceutical Ingredients (APIs). The
conversion of these APIs into its amorphous form is, without a doubt, a solution for this
problem1. There is however one main limiting factor of widespread use of drugs in this
form. Amorphous materials are thermodynamically unstable and therefore during
manufacturing or storage might revert into their crystalline form losing their superior
properties. Since for most of the time pharmaceuticals are stored at standard storage
conditions i.e. room temperature and atmospheric pressure a lot of effort has been
already paid into investigation or prediction the physical stability of these materials at that
particular conditions2. In this presentation, we will focus our attention into the equally
important but barely explored the problem of the amorphous drugs physical stability at
conditions imitating their manufacturing. On the examples of probucol, etoricoxib and
nimodipine we will show how, even slightly elevated pressure (similar to the one exerted
during the tableting process) might change the tendency of amorphous APIs toward recrystallization3,4,5.
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2015/16/W/NZ7/00404 (SYMFONIA 3) from the National Science Centre, Poland.
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The most effective approach to elevate the aqueous solubility of the poorly soluble
crystalline pharmaceutical is their amorphization. The main drawback, however, of this
method is the limited physical stability of the neat amorphous drugs. Procedure widely
used in order to enhance its physical stability is to disperse it into the polymer matrix. [1]
Furthermore, two main requirements must be met in order to ensure the thermodynamic
stability of the amorphous drug-polymer formulation. The first is the possibility to dissolve
the drug within the polymer matrix (miscibility). The second is the need to preserve the
concentration below the equilibrium solubility of the drug in the polymer matrix. [2]
Due to the fact that dielectric spectroscopy was already successfully used to determine
the solubility limit at ambient pressure [3] [4] and at the same time already employed as a
technique for testing amorphous materials under the influence of high pressure [5], we
decided to combine these two features in order to determine solubility limits at both
elevated temperature and high pressure. Based on the example of the antiandrogen drug
– flutamide – dispersed within the copolymer – Kollidon VA64 – matrix. We confirmed,
that regardless of applied pressure, generally accepted dependence between temperature
and solubility limit (that is: solubility (S) is proportional to temperature S~T) is preserved.
Moreover, our results indicate that with increasing pressure the drug’s solubility within
the polymer matrix is decreasing at isothermal conditions (solubility is inversely
proportional to the applied pressure (S~1/p)).
Therefore, during the solubility limit studies one should consider the situation in which by
increasing the pressure (at constant temperature) would achieve an effect similar to the
lowering of the temperature (at constant pressure).
Acknowledgement: The authors are grateful for the financial support received within the Project No.
2015/16/W/NZ7/00404 (SYMFONIA 3) from the National Science Centre, Poland.
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Nitroimidazoles are an old class of antibiotics with broad spectrum activity against various
types of bacteria and parasites [1]. There is now a renewed interest in developing new
nitroimidazoles due to the advancement of delamanid and pretomanid in the clinical
development of tuberculosis [2, 3] as well as the approval of fexinidazole as the first oral
treatment for Human African Trypanosomiasis [4]. Our group has previously discovered
two new subclasses of bicyclic nitroimidazoles, namely nitroimidazo-pyrazinones and –
pyrazines [5]. These scaffolds have demonstrated interesting dual antitubercular and
antiparasitic activities, with optimum pharmacokinetic profiles and low cytotoxicity
against mammalian cell lines. Similar to other bicyclic nitroimidazoles such as pretomanid
and delamanid, our compounds have limited aqueous solubility and therefore require
further optimisation. Here, we report three new series of pyrazinones with improved
solubility and tunable selectivity for different target microorganisms. This work has
highlighted the potential of different subclasses of nitroimidazoles to be developed as
therapeutics to address the unmet medical needs caused by infections.
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Macrolide inspired macrocycles: structural complexity, physico-chemical and in
vitro ADME properties
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A large interest in drug discovery for macrocycles arises from their structural novelty and
uniqueness, as well as their high potential for difficult targets.1 They also result in the
conformational richness which influences physico-chemical and pharmacokinetic properties
of macrocycles,2,3 different to small-molecules.
A novel macrolide inspired macrocyclic library was prepared using the FideltaMacro™
technology. It comprises of macrocycles designed to diversify and enrich chemical space
with different ring sizes, a variety of 3D shapes and potential pharmacophoric features.4
Although they do not follow conventional Lipinski Ro5 they have drug like properties and
demonstrated clinical relevance.5 Possibility of macrocycles to conformationally adopt to
different environments, named chameleonic behaviour, influence their ADME and PK
properties and possibility to fit complex and challenging targets such as protein-protein
interactions.

Novel compounds need to preserve favourable ADME properties in order to have
acceptable PK/PD profile. While numerable computational tools are nowadays available
regarding ADME properties prediction for small molecules, none of them show acceptable
level of predictability for 3D enriched macrocyclic compounds. Therefore, high-throughput
chromatographic determination of lipophilicity was used to monitor lipophilicity as one of
the key physico-chemical property of novel macrocyclic compounds.
Physico-chemical properties of FideltaMacro macrocyclic compounds will be discussed in
terms of their conformational complexity, structural diversity and lipophilicity.
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Discovery of new chemical entities with a promising anticancer activities is an urgent and
challenging mission. In this study, we focused on design, synthesis and biological evaluation
of a series of asymmetrically substituted bis-(thiocarbohydrazones)-TCH (Figure 1).

Figure 1. Structure of assymetrically substituted TCHs

Our previous studies have shown that symmetrical TCHs having quinoline moiety are potent
apoptotic inducers in THP-1 and 3D cancer cell models [1], while TCHs bearing smaller
aromatic moieties like 2-pyridil showed inhibitory activity toward DNA topoisomerase IIα
with promising activity against THP-1. Keeping the important coordinating N atom at
position 2 of aromatic rings, novel TCHs with improved drug-likeness were synthesized and
tested on human colorectal adenocarcinoma (LoVo), human ovary adenocarcinoma (SkOV3), human lung non-small cell carcinoma (A549), and human mammary adenocarcinoma
(MCF-7) cell lines. Cell cycle analysis revealed strong pro-apoptotic activity where cleavage of
caspase-8 was a dominant pathway. At concentrations below 10 µM, several compounds
exerted the ability to interfere with cancer cell mobility along with low toxicity toward
healthy human HaCaT fibroblasts. In vitro antioxidant activity was superior compared to
standard (vitamin C), indicating a possible application of TCHs as prophylactic agents against
oxidative stress. The results highlight TCHs as a promising hit molecules for the development
of novel anticancer agents.
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Due to the blood-brain barrier (BBB), targeted drug delivery into the central nervous
system still remains a major problem in therapy of many diseases. As BBB represents
difussion barrier that protects central nervous system, it restricts the passage of many
pathogens, including large or hydrophilic molecules. Nevertheless, appropriate
modification of the drug, for example use of nanoparticles, may lead to effective transport
across BBB and hence improveme many therapeutical strategies. Therefore, we intended
to imobilize our novel compounds, pentamethinium salts (PMS), in porous silica
nanoparticles. Then, we used UV-Vis and fluorescence spectroscopy to study their photophysical properties and examined the release of PMS from the nanoparticle core. Next, we
studied the penetration of the nanoparticles across a model membrane, PAMPA, to see
whether these agents could effectively pass across the BBB. Finally, we investigated the
effect on U-87 human glioblastoma cells, as glioblastoma is still considered as very
agressive type of cancer. We believe that our approach, imobilization of pentamethinium
salts into silica nanoparticles, could further extend tool for research related to
central-nervous system diseases.
Acknowledgement: This work was financially supported from specific university research (MSMT No
21-SVV/2019).
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Pharmaceutical cocrystals are stociometric multicomponent crystalline forms that consist of
at least one active pharmaceutical ingredient (API) and coformer [1, 2]. Depending on the
chosen coformer these cocrystals may have different physicochemical, mechanical and
biopharmaceutical properties than the API alone [3, 4]. To develop pharmaceutical dosage
forms that include cocrystals compatibility of cocrystal with excipients has to be evaluated
[5].
The objective of this study was to estimate the effect of cocrystal polymorphism on
compatibility of cocrystals with excipients. Ethenzamide-saccharin cocrystal was chosen as
a model compound since it is known to exist in two monotropically related polymorphs
[6].
Compatibility of ethenzamide-saccharin cocrystal polymorphs and eleven different
excipients (microcrystalline cellulose, hydroxypropyl methylcellulose, anhydrous Dlactose, lactose monohydrate, D-mannitol, polyvinylpyrrolidone, magnesium stearate,
potato starch, stearic acid, titanium dioxide and anhydrous calcium hydrogen phosphate)
was studied by storing the samples at 40°C, 75% relative humidity for one, two or three
months. Samples were prepared by mixing the cocrystal and excipient in a proportion of
1:1 (w/w). Freshly made and stored samples were analysed using PXRD, FT-IR, DSC and
TGA methods.
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Inflammation is a principle ‘‘life insurance’’mechanism of multicellular organisms. While
phylogenetically designed to protect the body from invasion by other organisms or from
events of cellular danger, chronic inflammatory reactions are often detrimental. Chronic
inflammatory diseases (CIDs) are a group of chronic disorders of the immune system of
unknown etiology with a continuously rising incidence in Western countries over the past
70 years. Thus, CIDs comprise a spectrum of non-communicable immune-mediated
diseases with apolygenic mode of inheritance, which may affect almost all organ systems:
gut (e.g., inflammatory bowel disease), vessels and kidney (e.g., systemic lupus
erythematosus or other vasculitis forms), pancreas (type I diabetes), skin (e.g., psoriasis),
and joints (e.g., rheumatoid arthritis) [1].
The safety and efficacy of thiopurine therapy has been monitored by means of a full blood
count, liver function tests and a clinical assessment. Recently, evidence has emerged that
thiopurine pharmacogenetics and metabolite monitoring may improve clinical outcomes
and reduce the occurrence of adverse effet during therapy [2].
In the present work electrochemical methods, cyclic voltammetry and square-wave
voltammetry, were applied for the selective and sensitive determination of thiopurines.
Electrochemical measurements were performed with an AutolabPGSTAT12. The
combination of an innovative electrode material (BDD) and sensitive voltammetric
technique established a simple and highly reliable alternative to chemically modified
electrodes that might be advantageous in routine pharmaceutical and clinical analysis [3].
This study was supported by the Slovak Research and Development Agency, projects APVV-15-0585
and APVV-17-037 and FaF/4/2019.
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In situ Raman monitoring in pharmaceutical development and manufacturing
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Consistent quality is an important component in the PAT and QbD initiatives. Continuous,
in situ, Raman measurements align with these initiatives and provide direct process
feedback without the need for sample removal or preparation. Optical spectroscopic
techniques offer some advantages over traditional off-line techniques for processes that
are difficult to sample (heterogeneous, unstable intermediates, hazardous environment).
Raman spectroscopy can be used for liquid measurements using an immersion probe or
solids measurement with a PhAT probe.
A RamanRXN system, operating at 785 nm fitted with a MR probe head and a short-focus
Raman immersion probe was inserted into reaction vessel for monitoring of
heterogeneous etherification reaction and spectra were acquired at 3 min intervals
throughout the course of the experiment [1]. PhAT probe, with a focus diameter of 6 mm
at working distance of 22 cm, was used for monitoring of active tablet coating process.
The collection time for each spectrum was 30 seconds.
Example in process development phase demonstrate how Raman immersion probe can be
valuable tool for determining reaction endpoint. Further, PhAT technology with large spot
size and long distance enables precise determination of coating time.
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Quantitative structure-retention relationships (QSRR) were employed to build global
models for prediction of chromatographic retention time of synthetic peptides across six
RP-LC-MS/MS columns and varied experimental conditions. The global QSRR models were
based on only three a priori selected molecular descriptors: sum of gradient retention
times of 20 natural amino acids (logSumAA), van der Waals volume (logvdWvol.), and
hydrophobicity (clogP) related to the retention mechanism of RP-LC separation of
peptides. Three machine learning regression methods were compared: random forests
(RF), partial least squares (PLS), and adaptive boosting (ADA). All the models were
comprehensively optimized through 3-fold cross-validation (CV) and validated through an
external validation set. The chemical domain of applicability was also defined. Percentage
root mean square error of prediction (%RMSEP) was used as an external validation metric.
Results have shown that RF exhibited a %RMSEP of 14.99 %; PLS exhibited a %RMSEP of
40.561 %; whereas ADA exhibited a %RMSEP of 26.35 %. The ensemble models
considerably outperform the conventional PLS-based QSRR model. Novel methods of treebased model explainability were employed to reveal mechanisms behind black-box global
ensemble QSRR models. The models revelead the highest feature importance for sum of
gradient retention times (logSumAA), followed by van der Waals volume (logvdWvol.), and
hydrophobicity (clogP). The promising results of this study show the potential of machine
learning for improved peptide identification, retention time standardization and
integration into state-of-the-art LC-MS/MS proteomics workflows.
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