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I 01
PhysChem meets ADME
Shinji Yamashita
Setsunan University, College of Pharmacy, Japan
Druglikeness is a word to define a complex balance of various molecular properties and structure
features which determine whether the intended molecule is possible to be developed as a drug.
Properties such as hydrophobicity, electronic distribution, hydrogen bonding characteristics,
molecule size and flexibility influence the ADME behaviour of the molecule. Simple count criteria
(like limits for molecular weight, logP, number of hydrogen bond donors or acceptors in RO5) have
been used to discard obvious non-drugs. To the molecule which heavily violates those criteria,
living organism will have a strong feeling of a foreign-body and recognize it as a poisonous
xenosubstance, then work to exclude and detoxicate it. In this meaning, druglikeness can be
understood as a word to express the intensity of a “foreign-body feeling” of the molecule to the
living organism. For orally administered molecules, once recognized as poisonous, GI tract works
efficiently to prevent their invasion, acting as chemical, physical and biological barriers.
Middle-size molecules (MW ca. 1 – 5 kDa) including peptides, nucleic acids are expected as the
next target of drug discovery. Different from big-size molecules like antibodies, middle-size
molecules are possible to penetrate the cell membrane and approach to the target inside the cell.
Recent progress in phage-display technology enabled the design of various peptides having high
affinity and selectivity to the target molecule. Such peptides are often synthesized as cyclic
peptides appending a high stability against the chemical degradation and a high membrane
permeability, thus are expected to be orally administratable.
As the successful models of peptide mimetic oral drugs, Cyclosporine or Tacrolimus is often
referred. Despite the high molecular weight and complex structure, both drugs are reported to
have high permeability to the intestinal membrane due to the efficient packaging of the molecular
structure in the lipophilic circumstance. However, less druglike properties of both drugs highly
activate the biological barriers of the GI tract, P-gp mediated excretion and CYP3A4 mediated
metabolism, resulting in low and highly-variable oral bioavailability. Benet et al. proposed a
concept that P-gp and CYP3A4 expressed in enterocytes act as a concerted barrier to drug
absorption[1]. Also, we have found that CYP3A works mainly at the upper intestine while P-gp
works at the lower, then efficiently prevent the absorption of Tacrolimus[2], suggesting the wellorganized barrier function of the GI tract to the molecules with strong “foreign-body feeling”.
Another problem which arises from non-druglike properties is a poor solubility in the GI tract.
Formulation technologies, self-emulsifying drug delivery systems (SEDDS) for Cyclosporine and
solid dispersion formulation for Tacrolimus, enabled their oral delivery. Addition to the basic
physicochemical properties, “formulablity” of the molecule is the issue to be considered for
selecting better molecules as drugs. ADME researchers should contribute to streamline the drug
development by interceding the experts in the field of physchem and formulation design.
[1] Benet et al. J Control Release. 1;62(1-2):25-31 (1999)
[2] Tamura et al. J Pharmacol Exp Ther. 306(1):310-16 (2003)
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I 02
Spectrophotometric pKa determination of ionizable pharmaceuticals: Resolution of
molecules with weak pH-dependent spectral shift
Kin Tam
Faculty of Health Sciences, University of Macau, Macau, China
The extent of ionization of a drug molecule at different pH values can be described by its acid
dissociation constants (pKa), which is an important parameter to rationalize the distribution
behaviors of the molecule at different in vitro and/or in vivo environments. The ionization of drug
molecule can affect its solubility. The intrinsic solubility (S0) is used to describe the solubility of the
neutral form, which is considerably less soluble than the ionized form of the drug molecule. The
solubility at a particular pH can be described by a generalized mass balance equation using the pK a
and the S0.
UV titration is one of the common methods for measuring pKa. However, the success of UV
method based on univariate analysis requires the molecule exhibiting strong pH-dependent
spectral shift. Depending on the proximity between the ionizable group and the chromophore, the
spectral shift may not be strong enough to warrant a successful determination. Here we discuss a
UV titration method based on multivariate analyses for pKa determination, with a particular
emphasis on molecules with weak pH-dependent spectral shift. We have shown that pKa values
are determined successfully on selected drug examples such as propranolol, quninie and
vancomycin, where some of the ionizable centres are not in close proximity to the chromophores.
As an extension our approach, attemps were made to determine the S0 via UV titration, in the
presence of sufficient amount of drug from an initial pH where precipitation occurred (i.e. high pH
for base, vice versa). Figure 1 shows the concentration-pH profile of a diprotic basic compound,
astemizole, as derived spectrophotmetrically. The feasibility of determinating the S0 of ionizable
drugs have been demonstrated.

Figure 1. Concentration-pH profile of
astemizole where the green circle
symbols represent the full
deprotonated (neutral) species. The
inset shows a close up of the neutral
species.
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I 03
Capillary Flow Hydrodynamics and Carrier-Mediated Transport of Opioid Derivatives at
the BBB: Crone-Renkin-pH and Michaelis-Menten-pH Analyses
Alex Avdeef
in-ADME Research. New York, NY 10128 USA (alex@in-ADME.com)
The vast majority of studies of blood-brain barrier (BBB) permeability and transport are conducted
at pH 7.4, but more detailed information can be revealed by employing varied pH measurements
to probe mechanisms. A pH-dependent biophysical model was applied to the analysis of published
pH-dependent rat BBB luminal uptake data from three opioid derivatives and an antiviral drug:
pentazocine,1 naloxone,2 oxycodone,3 and amantadine.4 Two types of data were processed: in situ
brain perfusion (ISBP) and brain uptake index (BUI). The published perfusion data were converted
to apparent luminal permeability values, Papp, and analyzed by the pCEL-X program,5,6 using the
pH-dependent Crone-Renkin equation (pH-CRE) to determine the impact of cerebrovascular flow
on the Michaelis-Menten transport parameters. 7 For oxycodone, the ISBP data had been
measured at pH 7.4 and 8.4.3 The new analysis indicates a 7-fold lower value of the
cerebrovascular flow velocity, Fpf, than that expected in the original study. The uptake data
indicate that the neutral form of oxycodone is affected by a transporter at pH 8.4. The extent of
the cation uptake was less certain from the available data. For pentazocine, the brain uptake by
the BUI method had been measured at pH 5.5, 6.5, and 7.4, in a concentration range 0.1–40 mM.1
The transport of the cationic pentazocine was not fully saturated at pH 5.5 at 40 mM. The
transport of the neutral species at pH 7.4 appeared to reach saturation at 40 mM pentazocine
concentration, but not at 12 mM. In the case of naloxone,2 a pH-dependent Michaelis-Menten
equation (pH-MME) analysis of the data indicated a smooth sigmoidal transition from a higher
capacity uptake process affecting cationic naloxone (pH 5.0–7.0) to a lower capacity uptake
process affecting the neutral drug (pH 8.0–8.5), with cross-over point near pH 7.4. Evidently,
measurements at multiple pH values can reveal important information about both cerebrovascular
flow and BBB transport kinetics.
1.
2.
3.
4.
5.
6.
7.

Suzuki T, et al. Biol. Pharm. Bull. 25 (2002) 1351-1355; Suzuki T, et al. J. Pharm. Sci. 91 (2002) 2346-2353.
Suzuki T, et al. Biopharm. Drug Dispos. 31 (2010) 243–252.
Okura T, et al. Drug Metab. Dispos. 36 (2008) 2005–2013.
Suzuki T, et al. Biopharm. Drug Dispos. 37 (2016) 323–335.
Yusof SR, et al. Eur. J. Pharm. Sci. 65 (2014) 98-111.
Yusof SR, et al. Eur. J. Pharm. Sci. 106 (2017) 274-286.
Avdeef A, Sun N. Pharm. Res. 28 (2011) 517-530.
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I 04
Distribution of tyrosine kinase inhibitors in relation to biomimetic properties
Godefridus J. Peters1, Ietje Kathman1, Gerrit Jansen2, Klara Valko3, Richard J Honeywell1
1

Dept of Medical Oncology, VU University Medical Center, Amsterdam, the Netherlands
2
Dept of Rheumatology, VU University Medical Center, Amsterdam, the Netherlands
3
Bio-Mimetic Chromatography, Unit 5B Business & Technology Centre, Stevenage,
SG1 2DX, Hertfordshire, United Kingdom

Earlier we reported that several tyrosine kinase inhibitors (TKIs) accumulate in the lysosomes. We
postulated that this lysosomal accumulation might be related to physical-chemical properties such
as being acid-basic. We also postulated that these properties might affect the oral bioavailability,
next to the poor solubility. Using immobilized artifial memberane (IAM) HPLC we observed that
basic compounds had a higher log Vd. However, the rate of lysosomal and cytosolic accumulation
changes in time. This might affect anticancer or anti-inflammatory activity of the compounds.
Total cellular accumulation varied considerably in various cancer cell lines with a different origin.
When focusing on CaCo2 cells (used as a monolayer colorectal cancer cell), the accumulation
varied >1000-fold compared with erlotinib (being the 2nd lowest); this compound did not pass the
membrane as its accumulation profile did not reveal any cytosolic accumulation. This property
possibly precluded accumulation in the brain as well. Valatinib accumulation was undetectable
Lysosomal accumulation is possibly mediated by an ABC transporter mediated efflux of the parent
compound from the cytoplasm to the lysosome. This is possibly being influenced by the compound
itself. In the lysosome the TKI is protonated because of the acidity of the lysosome (pH 5); this
prevents efflux from the lysosome and prevents the TKI being bound to its intracellular or
membrane target. The lysosomal accumulation varies in time and represents a resistance
mechanism since the drug cannot reach its target.
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I 05
Peculiar pharmacokinetics of macrolides. The role of membrane potential
Zoran Mandić
Faculty of Chemical Engineering and Technology, University of Zagreb, Croatia
Macrolides consist of a large macrolactone ring of different sizes with several sugar substituents,
usually L-cladinose and D-desosamine, attached to it. Since identification and isolation of the
erythromycin, first macrolide compound with 14-membered ring, a lot of research efforts have
been made to chemically modify it in order to eliminate its adverse effect and to improve its
pharmacological profile. Presently, macrolides have diversified into many different directions with
varying ring sizes and different chemical structures.
Azithromycin, the first 15-membered macrolide compound synthesized in PLIVA laboratories, has
one additional nitrogen incorporated into the macrolactone ring which, together with tertiary
amine on desosamine sugar moiety, gives it dibasic properties. Azithromycin possesses similar
activity profile against Gram-positive and improved activity against Gram-negative bacteria
comparing to erythromycin. However, it stands out among other macrolide antibiotics due to its
extraordinary pharmacokinetics resulting in a significantly lower administration doses. Although
very high accumulation of azithromycin in polymorphonuclear neutrofiles (PMN) in vivo was
found, the reason for such interesting behavior is still not explained. The question still remains
whether the transport of macrolides through the biological membranes is passive or active. It
seems reasonable to assume that the different states of membranes and not macrolides
themselves are responsible for such behavior.
In this presentation the results on the electrochemical transfer potentials of macrolides across
liquid/liquid interface will be described and correlated with pharmacological data on uptake of
different macrolides in PMNs.

.
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I 06
Challenges in Physiologically Based Pharmacokinetic Modeling for the Prediction of In
vivo Performance After Oral Administration
Nikoletta Fotaki
University of Bath, UK
During drug development, many new compounds (around 40 %) fail in the late clinical phases
because of pharmacokinetic problems. Therefore, the successful prediction of human
pharmacokinetics during pre-clinical research is of great importance. Recently physiologically
based pharmacokinetic modeling (PBPK) approaches as a mechanistic quantitative platform for
prediction of potential human absorption/bioavailability and for formulation development start to
appear. The use of biorelevant in vitro data within a physiologically-based pharmacokinetic (PBPK)
model environment for the prediction of in vivo performance with a focus on the points to be
considered and the challenges regarding the type of in vivo predictive data needed, will be
discussed. Case studies will be presented.
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I 07
Mechanism analysis of oral absorption enhancement of nanocrystal through
dissolution-permeation profile
Masaaki Imono, Naomi Tamura, Shiro Miyazaki
Innovative Drug Discovery Research Laboratories, Shionogi & Co., Ltd., 3-1-1, Futaba-cho,
Toyonaka-shi, Osaka, 561-0825, Japan
Nanocrystal formulation is a well-established approach to increase oral absorption of poorly
water-soluble drugs. However, one of the most difficult challenges in developing nanocrystal
formulations is to evaluate their dissolution behaivor reaching to plateau whithin seconds which
should be important to predict improvement of oral absorption. . In the present study, correlation
between dissolution-permeation studies with 2nd-derivative UV spectroscopy and oral absorption
was investigated to overcome the issue.
Fenofibrate (FNF) and Megestrol acetate (MGA) were used as poorly water-soluble model drugs.
Nanosuspensions in 0.1 % sodium lauryl sulfate/0.5 % hydroxypropyl methylcellulose aq. sol. were
prepared by wet media milling with a rotation and revolution pulverizer (NP-100: Thinky
Corporation). Prepared suspentions were characterized by X-ray powder diffraction, dynamic light
scattering, dissolution-permeation study (μFLUX, pION) and oral absorption studies in rats.
Three nanosuspensions with different particle size of FNF (237, 248 and 519 nm) and MGA (158,
201 and 373 nm) were obtained. In the dissolution-permeation study, the permeated amount of
the both drugs was increased with decrease in particle size. Permeated amount of the smallest size
of FNF and MGA nanosuspensions showed 3.3-fold and 2.8-fold higher than those of
microsuspensions, respectively. Whereas the increase of the dissolved amount of FNF and MGA
was only 1.3 and 1.4-fold, respectively. The apparent permeation coeeficient (Papp) was calculated
as the permeated amount per dissolved molecule in which P app of nanosuspension was superior to
that of solution. These results suggested a bypass route for the permeation of nanoparticles
through membrane, such as the diffusion of nanoparticles to unstirred water layer[1,2]. In vivo
oral absorption study, the plasma concentration and the input rate analyzed by deconvolution
method increased depending on the particle size reduction for the both drugs. The input rate in
the early phase (up to 1 hr) of the smallest nanosuspension were 3.2-fold (FNF) and 6.5-fold (MGA)
higher than that of microsuspension. The input rate enhancements of nanosuspensions were well
correlated with the increments of in vitro permeation rate for the both drugs, which can conclude
that the permeation rate following dissolution is a dominant parameter to predict enhancemnt of
oral absorption by nanosuspension.
Reference
1.
2.

K. Sugano, Possible reduction of effective thickness of intestinal unstirred water layer by particle drifting
effect, Int. J. Pharm. 387 (2010) 103–109.
A.M. Stewart, M.E. Grass, D.M. Mudie, M.M. Morgen, D.T. Friesen, D.T. Vodak, Development of a
Biorelevant, Material-Sparing Membrane Flux Test for Rapid Screening of Bioavailability-Enhancing Drug
Product Formulations, Mol. Pharm. 14 (2017) 2032–2046.
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I 08
Application of the BCS biowaiver approach to assessing bioequivalence of orally
disintegrating tablets with immediate release formulation
Asami Ono
Asahi Kasei Pharma, Japan
In this presentation, the result of comparing the dissolution profiles of orally disintegration tablets
(ODTs) and immediate-release (IR) formulations will be presented for experimentally validation of
the BCS biowaiver scheme (BCS-BWS).
BCS classifies drugs based on their solubility and permeability. BCS-BWS grants drugs permittion to
waive clinical bioequivalence (BE) studies based on the BCS classification and the in vitro
dissolution rate. Drugs with high solubility, high permeability and rapid or very rapid dissolution
are candidates for biowaiver. With respect to the BCS - BWS, several theoretical considerations
including computer simulation and few experimental investigations have been performed. To
experimentally validate the BCS-BWS, a comparison of clinical pharmacokinetic profiles for several
drug products with possible fastest and slowest dissolution rates within the BCS-BWS is required.
This comparison can be achieved by comparing the pharmacokinetic profiles of ODTs with those of
corresponding IR formulations, as ODTs would be dissolved much faster than IR formulations.
For drugs of ODTs which BE with corresponding IR formulations is proved, the distribution among
each provisional BCS class was investigated. The distributions were very similar between the ODTs
and the IR formulations. Contrary to the general suggestion based on BCS-BWS, it was shown that
non-BE risks due to the difference of dissolution profile are equal in any BCS class.
For BCS III drugs, i.e., drugs with high solubility and low permeability, the dissolution profiles of the
ODT and the IR formulation were compared. Some of the drugs did not show the very rapid
dissolution, which is required by the BCS-BWS, and showed the dissimilar dissolution profiles
between the ODT and the IR formulations even though their clinical BE were proved. This result
suggests that it could be reasonable to adopt the possibility of biowaiver for BCS class III drugs as
well as class I drugs. Moreover, the acceptable range of the dissolution rate for biowaiver may be
wider for BCS class III drugs than class I drugs.
These experimental validation results could be useful in discussing biowaiver.
Acknowledgement: The author greatly appreciates Prof. Kiyohiko Sugano for his helpful
contributions and discussions, and Prof. Takuo Ogihara, Prof. Katsuhide Terada, and Dr. Takumi
Tomono for their kind suggestions, and Ms. Rena Kurihara for her help with the in vitro
experiments.
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I 09
Validation of in silico model for predcting co-crystal formation using co-crystal former
exchange reaction
Makoto Mukaida
Laboratory for Chemistry, Manufacturing and Control, Pharmaceuticals Resarch Center, Asahi Kasei
Corporation, Japan
Co-crystals have recently received much attention as a means of improving physicochemical
properties of active pharmaceutical ingredients. However, there are hundreds of possible cocrystal former (CCF) candidates. Therefore, an efficient strategy for CCF screen in drug discovery is
required and such methods are developed by many reserchers. In silico parameter is one of them.
However, these parameters have not rigorously validated due to the lack of information about the
stability order of co-crystal. The stability order of co-crystals can be determined by CCF exchange
reaction. The purpose of this study was to determine the thermodynamic stability orders of cocrystals using CCF exchange reactions and validate in silico parametes for predicting co-crystal
formation. Caffeine (CA) and Acetaminophen (AC) were used as model compounds.
In case of CA, when oxalic acid (OX) was added to CA-citric acid co-crystal (CA-CI), CA-CI convertd
to CA-OX, suggesting that CA-OX is more stble than CA-CI. The stability orders of other co-crystals
were detrmined in the same manner. The stability order of CA co-crystals was determined as CAOX ≈ CA-p-hydroxybenzoic acid (HY) > CA-CI > CA-malonic acid > CA-maleic acid (MA). The stability
order correlated with the difference in hydrogen bond energy estimated in silico, except for CA-HY.
The π-π stacking in CA-HY was suggested as a reason for this discrepancy. In case of AC, the
stability order of the AC co-crystals was determined to be AC-TH > AC-MA ≈ AC-OX. Although the
stability order of the AC co-crystals was consictent with the difference in the hydrogen bond
energy, it showed no relationship to the excess enthalpy.
The CCF exchange reaction was determined as a useful method to determine the stability order of
co-crystals, which can be used fot the validation of in silico parameters to predict co-crystal
formation.
I am deeply grateful to Prof. K. Sugano and Prof. K. Terada for their useful discussions and advice. I
would like to thank Ms. H. Sato for her technical assistance with experiments.
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The challenge to find a new viable solid form – From screening to characterization,
selection and scale-up
Rolf Hilfiker
Solvias AG, Kaiseraugst, Switzerland
In a salt and/or co-crystal screening and characterization a suitable salt or co-crystal has to be
identified. This is followed by a polymorph and solvate screening of the corresponding substance
where all relevant forms are identified, characterized and their thermodynamic relationships are
determined. Very often either the thermodynamically stable form at room temperature or a
hydrate is selected. Knowledge of critical water activities for hydrate formation and kinetics of
hydration and dehydration is therefore essential.
After selecting the optimal form, a small scale (~ 100 mL) crystallization process - using state-ofthe-art equipment such as Lasentec probes - is developed in order to obtain the selected form
with the desired particle size distribution and purity, while optimizing yield, speed, etc. Very often
a seeded crystallization process is required in order to achieve optimal control. This process is then
further scaled up in a kilo-lab, followed by production on a kg-scale in a GMP-facility.
Quick communication and efficient know-how transfer between the scientists of the various
disciplines assures a very efficient and fast process.
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Effective and Convenient Salt & Cocrystal Crystallization Screening Using Water
Suspension Method
Katsuhiro Kobayashi
Analytical & Quality Evaluation Research Laboratories, Daiichi-sankyo Co. Ltd, Japan
Salt formation is the most useful and fundamental tool for improvement of solubility and oral
absorption, because many drug candidates with dissociative groups such as amino or carboxyl
groups have been developed as the crystalline salts. Various crystallization screening methods for
salt formation have been reported. In these screening experiments, organic solvents generally are
used as crystallization solvents. The reason is that free forms of drug candidates are easily soluble
to organic solvents, while poorly soluble to water. On the other hand, salts of them exhibit
opposite solubility to free forms. Some crystalline salts obtained from organic solvents may
transform into the hydrates which exhibit poorer solubility in water. Other crystalline salts not
obtained from water may convert to the free forms in water or aqueous administration media for
pharmacokinetics and toxicokinetics studies. Furthermore they may make deep gel state in
administration media such as to make administration impossible. So we established salt
crystallization screening by water suspension method as the objective for getting physically stable
crystalline salts in water media.
We applied the water suspension method to general drug compounds. (13 salts about 50 acidic
drug compounds and 36 salts about 20 basic drug compounds) General procedure is as follows. To
a 1.5 mL glass vials were added compounds (ca. 20 mg) and water (400 L), reagents (1.05eq.) as
counter ion source, the resulted suspension was stirred at 40C for around 24 hr vigorously. After
filtration, the recovered solid was dried under ambient conditions. Crystallinity of the solid was
evaluated by X-ray powder difractometry and the solid form was identified by TG-DTA or NMR.
As a result, crystalline salts were obtained easily. Acidic compounds tended to form crystalline
salts with 0.5Mg, 0.5 Ca, tert-BuNH2 and piperazine and basic compounds did to form crystalline
salts with oxalic and fumaric acids, especially. The solid forms of crystalline salts were anhydrates
and hydrates suitable as a drug substance. In this screening, when free forms are recovered, the
salts are physically instable in water, even though the salts can be prepared from organic solvents.
By limiting the crystallization solvent to water we were able to reduce the number of experiments.
Evaluating the physicochemical properties of the obtained salts, we were able to perform salt
determination. Finally, we succeeded in establishing a high throughput operation using 96 well
plates and applied it to cocrystal screening using 47 kinds of cocrystal partners for 64 compounds.
As a results, approximately 180 possible cocrystals were obtained easiliy. Water suspension
method also worked for cocrystal screening sufficiently.

Ibaraki campus of Ritsumeikan University, Osaka, Japan, August 28-30, 2018

12

7th IAPC Meeting & PFC-J

I 12
Contact Secondary Nucleation and Self Assembled Monolayer
Hideomi Kijima
Ono Pharmaceutical Co., Ltd, Japan
Understanding and controlling nucleation is a long-standing issue in the field of crystallization and
solid-state chemistry. In this work we use gold-thiol self-assembled monolayers (SAMs) as heterosurfaces and induce nucleation by contact force to understand the mechanism of contact-induced
heterogeneous nucleation, on different SAMs. A set of contact force nucleation experiments with
SAMs of different functional groups has been performed and compared to a control. Results
demonstrate significant reduction in nucleation induction time as well as formation of the
polymorphs of the compounds.
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Evaluation of the levels of difficulty for the crystallization of organic compounds using
the critical supersaturation ratio (Sc)
Daiki. Nagamatsu, Hiroshi. Ueda, Hiroshi. Takiyama*
Innovative Drug Discovery Research Laboratories, Shionogi & Co., Ltd., 3-1-1, Futaba-cho,
Toyonaka-shi, Osaka, 561-0825, Japan
*Department of Chemical Engineering, Tokyo University of Agriculture and Technology (TUAT), 224-16, Nakacho, Koganei-shi, Tokyo, 184-8588, Japan
In recent years, chemical structures have become complicated and enlarged, and compounds that
are difficult to crystallize are increasing due to the steric structures. A method to comprehensively
examine the various conditions of crystallization is conducted in order to select the optimal
conditions and compounds. However, there are no indices that can compare levels of difficulty for
crystallization.
The purpose of our study is to define an indicator for crystallization difficulty in order to compare
various crystallization conditions. We defined the critical supersaturation ratio (S c298) calculated
from solubility and supersolubility curves at 0 K/min using the polythermal method.
We used theophylline, noscapine and clotrimazole as test compound to estimate S c. Noscapine
with a large molecular weight, and clotrimazole with steric repulsion give large values of Sc298. We
evaluated the crystallization difficulty using Sc298 as an indicator. The solubility and supersolubility
curves at 0 K / min were used to investigate the concentration and crystallization temperature
dependence on Sc. The crystallization temperature is decreased at low concentrations and Sc is
decreased at high temperatures. It is considered that high temperatures increase the molecular
mobility and increase the driving force of crystallization. The Sc298 of clotrimazole was large in all
solvents, but the Sc333 was greatly reduced. Additionally, Sc of theophylline did not show a large
difference for SC, but clotrimazole showed a large change in Sc between solvent types. Thus the
molecular motion is more dominant in the crystallization process than in the steric structure.
As a result, Sc was defined as the indicator for crystallization difficulty. We can select the
compound which is easy to crystallize based on Sc. It also provides a way to select optimal
crystallization solvents. The effect of the cooling rate on crystallization was strong in low
concentration conditions. Increasing the crystallization temperature accelerates crystallization.
Thus we can obtain optimal crystallization conditions by using Sc.
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Application of biomimetic HPLC to estimate in vivo distribution of new modalities
(peptides and macrocycles)
Klara Valko1,2 Gabriela Ivanova-Berndt3, Paul Beswick3, Mark Kindey4,5 and Dorothy Ko6
1

Bio-Mimetic Chromatography Ltd, Business & Technology Centre, Stevenage,
SG1 2DX United Kingdom 11
2
Department of Biological and Pharmaceutical Chemistry, UCL School of Pharmacy London WC1N
1AX United Kingdom 12
3
Bicycle Therapeutics Ltd, Cambridge, United Kingdom 13
4
Department of Pharmaceutical Sciences, College of Pharmacy,
University of South Florida, Tampa, FL, USA 14
5
James A. Haley VAMC, Tampa, FL, USA 15
6
Genenervon Pharmaceuticals LLC, Pasadena, CA, USA
Peptide therapeutics are new modalities offering several challenges to drug discovery. They are
generally less stable and permeable in vivo. The characterization of their lipophilicity cannot be
carried out using the traditional in silico or wet octanol/water partition coefficients. The prediction
of their in vivo distribution and permeability is also challenging. In this paper, it is demonstrated
that the biomimetic properties such as lipophilicity, protein and phospholipid binding can be easily
assessed by HPLC using chemically bonded protein and immobilized artificial membrane (IAM)
stationary phases. The obtained properties for a set of potential therapeutic peptides with 3 to 33
amino acids have been analysed and it was found that similar characteristics of the properties
could be observed as for small molecule drugs. The albumin binding showed correlation with their
measured lipophilicity on the C-18 stationary phase with acidic peptides showing stronger than
expected albumin binding. The (IAM) chromatography revealed peptide membrane affinity, which
was stronger for positively charged peptides (containing arginine) and showed correlation to the
alpha-1-acid glycoprotein (AGP) binding, which was also stronger for positively charged
compounds. The in vivo volume of distribution and drug efficiency of the peptides have been
estimated using the models developed for small molecules. One of the candidate linear peptides
has been assessed in various cellular and in vivo assays and the results have confirmed the
estimated cell partition and brain to plasma ratio. It can be demonstrated, that up to 21 amino
acids, the peaks of the peptides obtained on the protein phase were symmetrical and narrow. The
interaction of larger peptides with the protein stationary phases resulted in wide peaks showing
multiple equilibrium processes with slow kinetics during chromatography. The larger peptides
showed narrow and symmetrical peaks on the IAM column enabling the quantification of peptide cell membrane interactions.
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In Vivo Predictive Dissolution – Flux Measurements
Konstantin Tsinman
Pion Inc., USA
Amount and the rate of absorption for the active pharmaceutical ingredient (API) to the blood
circulation from the orally administered drug products is determined by the flux of API through
epithelial lining of the small intestine. The flux values would depend on the amount of the
dissolved API available at the site of permeation as well as on the rate with which drug penetrates
the membranes separating GIT from blood capillaries. The former quantity is governed by
dissolution and solubility of API in the corresponding medium at biorelevant load while the latter is
determined by effective permeability of the compound through the biological membranes.
Establishing meaningful correlations between in vivo absorption and in vitro measurements have
been presenting a significant challenge for pharmaceutical researchers especially when dealing
with low soluble compounds. One of the reason is that in many cases the effect of solubilizing
formulations was studied through USP-type dissolution measurements without taking into account
biorelevant dissolution medium/volume parameters and interconnection between formulation
additives and dissolution/solubility/permeability values.
This presentation introduces principles and devices that can be utilized for flux measurements in a
systematic and reproducible manner. Measuring flux and its dependence on formulations allows
assessment of complex interplay between solubility, permeability and dissolution rate in
formulation development. The case will be made that flux measurements can be used for early
prediction of fraction absorbed, formulation ranking, bioequivalence study risks, drug-drug
interactions from pH modifying agents and other biorelevant in vitro studies.
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Innovative In-Situ Measuring Tools for Formulation Development
Karl Box, Konstantin Tsinman
Pion Inc., USA
In this presentation we will review the latest developments regarding in-situ tools for
characterising drug behaviour.
The 2nd generation Surface Dissolution Imaging (SDi2) system is capable of visualising dissolution
events at or near the surface of materials and is able to provide mechanistic insights into
dissolution performance of APIs and formulations. Based on flow-through dissolution, light at
selected wavelengths is shone across an optical window within the flow-cell and captured on a
high definition pixel array. Drug is positioned within the flow-cell and high quality video images are
recorded as drug is released into the flowing media stream. Depending on the type of flow-cell
selected, applications include API salt selection, study of swelling, diffusion, erosion, disintegration
and dissolution of controlled release dosage forms, and polymorph or form change (e.g., hydrate
formation) when coupled with in-situ raman. Case studies and examples will be presented and
discussed.
The Pion inForm is used for characterising supersaturation and precipitation of drugs, for studying
the impact of changing media during gastric to intestinal pH transitions and running biphasic
dissolution assays to introduce an absorption step during the dissolution process. Several case
studies will be examined to illustrate the versatility of the platform during early formulation
development. Data has been used during candidate selection and in several commercially available
programs for modelling oral absorption.
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Ksp of Drug Salts and Cocrystals: Simulations to Improve Design
of Experiments According to the Interlaboratory Consensus Recommendations
Alex Avdeef
in-ADME Research. New York, NY 10128 USA (alex@in-ADME.com)
In a series of papers published in ADMET& DMPK (2013-2018), we described a general approach to
address many of the challenges of salt solubility determination of sparingly-soluble drug
substances, with data processing and refinement of equilibrium constants using the computer
program pDISOL-X. The approach was first illustrated by the determinations of the solubility
products of diprenorphine hydrochloride, codeine hydrochloride/phosphate, and lidocaine
hydrochloride/phosphate from solubility-pH data.1 The anomalous solubility behavior of barbital,
phenobarbital, and oxytetracycline was rationalized with unusual stoichiometries. 2 The phosphate
salts of twenty-five sparingly-soluble bases reported by Bergström et al.3 were interpreted with
specific drug-phosphate solubility product expressions. 4 Challenging phenothiazine solubility
equilibria were examined in another study.5 More recently, the approach was extended to the
evaluation and simulation of cocrystal solubility experiments, and the prediction of the impact of
sodium dodecyl sulfate in such cases.6-8 Much has been learned from the above studies. At IAPC-4
Meeting (Red Island, Croatia, 2015), a group of experts from six nations proposed guidance
recommendations for measuring aqueous solubility.9 This presentation will summarize the findings
of the above studies and present new insights, supported by predictive in silico simulations, about
the experimental design of assays to determine solubility product of drug salts or pharmaceutical
cocrystals.
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In-vivo gastrointestinal supersaturation in humans
Patrick Augustijns
University of Leuven, Belgium
An in-depth understanding of the fate of a drug and/or drug product in the gastrointestinal tract is
crucial for guiding drug product development. In addition to a thorough physicochemical
characterization of a novel drug candidate, a sound knowledge of gastrointestinal processes
affecting its intestinal absorption will help in identifying and overcoming potential hurdles to its
intestinal absorption early on. While classic pharmacokinetic studies provide information on
systemic drug exposure, gastrointestinal drug absorption (and its underlying processes) can only
be indirectly assessed by means of deconvolution. In order to have an accurate idea of the
complex relationship between gastrointestinal drug disposition and systemic drug exposure after
oral drug intake, direct measurement of the impact of gastrointestinal residence on drug
disposition is warranted. To this end, the collection of gastrointestinal fluids as a function of time
after oral drug intake has been introduced to elucidate gastrointestinal drug disposition in human
volunteers. After administering a drug (product), gastrointestinal fluids can be collected via
catheters (oral and/or nasal intubation) as a function of time, followed by characterization of the
collected aspirates in terms of (i) physicochemical properties (i.e., pH, bile salt content, osmolality
etc.) and (ii) drug content. This technique allows to monitor intraluminal supersaturation as a
function of time by calculating the degree of supersaturation (DS) in each aspirate. Combining the
intraluminal sampling technique with the simultaneous collection of blood samples allows
correlating gastrointestinal drug disposition to systemic drug exposure. Furthermore, the impact of
food (i.e., a liquid meal) and the use of proton-pump inhibitors on drug(product) behavior can be
investigated. In this presentation, several case examples studying gastrointestinal supersaturation
and precipitation in vivo by means of the intraluminal sampling technique will be presented. In
vivo supersaturation data will be presented for the following drugs:
1.
2.
3.
4.

Posaconazole (solid dispersion)
Itraconazole (solid dispersion versus cyclodextrin-based solution)
Abiraterone acetate (administered as a tablet)
Indinavir (administered in various real life dosing conditions)

In addition, a thorough characterization of human intestinal fluids collected in fasted and fed state
will be presented, creating insight into the time-, food- and subject-dependent variability.
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Kinetic analysis of crystallization for the characterization
of drug supersaturation behavior
Shunsuke Ozaki
Analytical Research, Pharmaceutical Science and Technology, Eisai Co., Ltd, Japan
Characterization of supersaturation behavior is important to evaluate oral absorbability of drug
candidates in supersaturable solid forms such as salts, amorphous forms, and metastable
polymorphs. In this study, we developed methods to i) evaluate supersaturation propensity of
drug candidates quantitatively and ii) simulate in vitro dissolution-precipitation profiles of drugs in
supersaturable solid forms. Analysis of crystallization kinetics of stable forms played an important
role in both cases.
Evaluation of supersaturation propensity: Amorphous formulations are often utilized to enhance
solubility of poorly soluble drug candidates. However, it would be difficult to satisfactorily improve
solubility by amorphization when a drug has low supersaturation propensity. In this part,
supersaturation propensity of five model drugs, danazol, griseofulvin, itraconazole, vemurafenib
and ER-34122, was evaluated from their nucleation kinetics. Supersaturated drug solutions in
fasted state simulated intestinal fluid (FaSSIF) were prepared by the solvent shift method and the
time lag for observable crystal to appear was measured photometrically. The supersaturation ratio
at which crystal nucleation is induced at 1000 seconds was defined as the supersaturation stability
index (SSI). A linear relationship was observed between SSI and the supersaturation ratio achieved
during the dissolution of amorphous model drugs. The results indicate that the SSI is a useful
indicator of supersaturation propensity and the effect of amorphization for poorly soluble drug
candidates can be predicted from SSI without preparing amorphous forms. The evaluation of SSI is
therefore invaluable in evaluating supersaturation behavior of amorphous materials and assessing
development potential of poorly water-soluble drugs.
Simulation of dissolution-precipitation profiles: Accurate description of concentration-time curves
during the dissolution of drugs in supersaturable solid forms is the first step for the simulation of
their oral absorption processes. In a non-sink dissolution test of carbamazepine polymorphic form
III (CBZIII), a model supersaturable solid in this study, the concentration of carbamazepine reached
a supersaturated state against its dihydrate form (CBZ DH). After a certain period of time, desupersaturation due to the precipitation of CBZ DH was observed. In the simulation of this typical
dissolution-precipitation profile, the precipitation process of CBZDH was simulated by using a
population balance model in which the rates of primary/secondary nucleation and growth of CBZ DH
were considered. Six rate constants in the precipitation model were determined from desupersaturation profiles in unseeded isothermal crystallization experiments of CBZDH. The
dissolution process of CBZIII was modeled on the basis of its dissolution profile under a sink
condition. The simulated concentration versus time curves satisfactorily reproduced the
characteristics of dissolution, supersaturation, and precipitation behavior of the model drug. The
presented method will enable rational design of formulations and accurate prediction of the oral
absorbability of drugs in supersaturable solid forms.
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Development of Supersaturating Solid Dispersions of Poorly Water-Soluble
Basic Drugs by Interaction with Non-Salt Forming Weak Carboxylic Acids
and with HPMC-AS
Abu Serajuddin
St. John’s University, New York, USA
Over two-thirds of new chemical entities (NCE) under development in the pharmaceutical industry
have aqueous solubility <0.1 mg/mL and thus may be considered insoluble or practically insoluble
in water. Amorphous solid dispersion (ASD), where the drug is generally dispersed either
molecularly or in the amorphous state in polymeric carriers, has been used to increase dissolution
rate and thereby bioavailability of such compounds. However, there is the potential that the drug
may precipitate out once the ASD comes in contact with aqueous media in the gastrointestinal (GI)
tract. It has been reported in the literature that the use of hydroxypropylmethyl cellulose acetate
succinate (HPMCAS) as the polymeric carrier for ASD can keep a drug in the supersaturated state
in aqueous media for a prolonged period of time, thus enabling absorption of drug from GI tract.
Currently, the HPMCAS-based ASD is generally prepared by spray drying where a large volume of
organic solvent is required to dissolve both the drug and the polymer in a common solvent. This
creates many issues with solvent handling and disposal. An alternative method of preparation,
melt extrusion, is not commonly used since HPMCAS may require high temperature (>170°C) for
processing, and the polymer and the drug may not be stable at such a high temperature. This
presentation describes a process for preparing an ASD by melt extrusion for a model drug
itraconazole using several surfactants (e.g., poloxamer 188, poloxamer 407, and vitamin E TPGS)
that reduced the processing temperature to as low as 130°C by the plasticization effect. The
presence of surfactants also facilitated drug release under both gastric and intestinal pH
conditions. A drug supersaturation by a factor of 75,000 was observed at pH 6.8. In addition to
HPMCAS-based ASD, a novel method of supersolubilizing and supersaturating drugs in aqueous
media will be presented. 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 is in contrast to the
haloperidol HCl aqueous solubility of 4 mg/g in water. Similar supersolubilization was also
observed for other basic drugs (e.g, cinnarazine and itraconazole) and acidic drugs (e.g.,
mafenamic acid). ASD was formed when the supersolubilized systems were dried or melt
extruded. Supersaturated solutions were obtained when such ASDs were dissolved in aqueous in
the GI pH range.
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Evaluation of supersaturation behavior of pazopanib hydrochloride in the presence of
HPMC by pH-shift dissolution testing
Hikaru Sugihara1,2, Lynne S. Taylor2
1

Pharmaceutical R&D, CMC&Production HQs, Ono Pharmaceutical Co., Ltd.,
Mishima-Gun, Osaka 618-8585, Japan
2
Department of Industrial and Physical Pharmacy, College of Pharmacy, Purdue University, West
Lafayette, Indiana 47907, United States
Salts of weakly basic active pharmaceutical ingredients are widely used to improve aqueous
solubility and/or dissolution rate. However, these compounds are prone to precipitation due to
the lower solubility of the un-ionized species at the higher pH in the intestinal region, and this can
result in poor and/or variable absorption.
The purpose of this study was to investigate the degree of supersaturation achieved following
dissolution of different amounts of pazopanib hydrochloride at low pH, followed by rapid pH
increase. Using pH solubility profiles, phase boundaries were defined for crystalline and
amorphous free base forms. The resultant phase diagram was used to rationalize the observed
supersaturation and phase behavior of pazopanib following pH adjustment. In the presence of a
crystallization inhibitor, hydroxypropylmethyl cellulose (HPMC), the degree of supersaturation was
found to be very high, approximately 600-fold, at pH 6.5. At a dose equivalent to the clinical dose,
the maximum free drug concentration observed at pH 6.5 was dictated by the amorphous
solubility. Solutions that exceeded the amorphous solubility upon pH increase were found to
undergo glass−liquid phase separations (GLPS) with the formation of amorphous colloidal drugrich particles. Microscopic observations confirmed that HPMC delayed the appearance of
pazopanib free base crystals.
The phase behavior upon pH change is thus well predicted by the phase diagram, after taking into
consideration the initial dose, the extent of supersaturation generated upon pH change, and the
presence or absence of a crystallization inhibitor.
Acknoledgement: The authors would like to acknowledge the financial support provided by Ono
Pharmaceutical Co., Ltd. The authors would also like to acknowledge Dr. Niraj S. Trasi for helpful
discussions.
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Solubility Enhancement Of Ticagrelor By Co-Crystal Technology: Preparation, Solid State
Characterization and Solubility Studies
Nazare Lobo John Shane*, Ashish Chamle*, Aravind Pai** and Muddukrishna BS*
*Department of Pharmaceutical Quality Assurance, Manipal College of Pharmaceutical Sciences,
Manipal Academy of Higher Education, Manipal, Karnataka, India
**Department of Pharmaceutical chemistry, Manipal College of Pharmaceutical Sciences, Manipal
University, Manipal Academy of Higher Education, Karnataka, India
Introduction: Solubility and a suitable bioavailability is important for desired pharmacologic response
to be shown. Though there are so many techniques to improve the solubility, cocrystallization is one
of the new approaches. Structurally crystalline, neutral molecules containing two or more
components in definite stoichiometric amounts are known as Cocrystals[1]. Ticargrelor is a BCS class
IV molecule. Enhancement of the solubility of Ticargrelor by formulating solid dispersions with
hydrophilic carriers based solvent evaporation technique was carried out by K. Ramesh, B. Chandra
Shekar, and P. Khadgapathi [2]. This current research work is aimed at enhancing the aqueous
solubility and thereby the rate of in-vitro drug release profiles of Ticargrelor by co-crystal technology.
Methods: Co-crystals were prepared by slow evaporation technique. Saturated solution of
Ticagrelor and Quercetin were prepared separately in Acetone, sonicated for 15 minutes and
poured into a Petri-dish and evaporated at room temperature[3]. Cocrystals were characterised by
DSC, FTIR and XRD. Shake flask method was used to determine the equilibrium dynamic solubility
of pure, physical mixture and co-crystals. Solubility samples were analysed by HPLC.
Results: Co-crystals of Ticagrelor with Quercetin were prepared by slow evaporation technique in
ratios 1:1 and 2:1. FTIR spectra revealed that cocrystals were formed as the spectra was similar
with lesser intensity and broadening at 3292cm-1 when compared to that of pure Ticagrelor. The
difference in the melting point of co-crystals when compared to pure Ticagrelor indicates cocrystal
formation. The saturation solubility results of cocrystals(1:1) was higher as compared to its pure
form and physical mixture.
Conclusion: Based on the saturation solubility results, a 1.6 fold increase in solubility was
achieved. Therefore cocrystal formation by slow evaporation technique might be a useful strategy
for increasing the therapeutic potential of Ticagrelor.
Acknowledgment: The authors are grateful to Manipal Academy of Higher Education for letting us conduct
the research activity and also to Apotex pharmachem India for providing ticagrelor as a gift sample. We also
acknowledge the Department of Science and Technology(DST), Government of India for providing
instrumentation support under DST-FIST scheme.
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Prediction of NCE oral bioavailbility in Dog based on physicochemical profiling,
modeling and confirmation in vivo to prepare first in human studies
Guillaume Louit
Sanofi R&D, France
In the pharmaceutical industry, animal studies are a needed for evaluation of safety of NCEs, but
constitue also a useful tool to give insight on the physiological behavior of a formulated API in the
gastrointestinal tract and its absorption. With the help of refined in silico ACAT & PBPK absorption
tools based on good quality physichochemical profiling and DS properties, influence of an NCE
properties on bioavailability should first be explained in a Dog model, before Human bioavailability
can be predicted with increased confidence.
This presentation will illustrate with several BCS II APIs examples how in vitro data (permeability,
solubility, DS particle size and dissolution kinetics), in silico modelling and in vivo absorption
studies conducted with a Beagle Dog model can be linked together to bring understanding of the
API behavior and propose an anticipation of bioavailability in first in Human studies.
The global correlation between our virtual absorption studies conducted using GastroPlus v9.0
(SimulationsPlus, Inc) with various APIs versus observed BA in the pentagastrin-Dog (pgDog) model
will be presented. In following examples, the influence of particle size reduction (micronization)
and physical form (in the case of 2 polymorphs) on relative bioavailability in silico based on the DS
properties, versus results observed in vivo will be detailed. Finally we will discuss how the insight
from these studies is integrated into human simulations.
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Liquid-assisted grinding to assess cocrystal compositions
Il Won Kim
Department of Chemical Engineering, Soongsil University, South Korea
Cocrystallization is a versatile method to control the crystal structures and the properties of active
pharmaceutical ingredients (APIs). Crystal structures have direct consequences on the physical
properties of APIs, such as solubility and stability, and the resulting pharmaceutical performances
as well. The versatility of the cocrystallization partly comes from the diverse possibilities of
coformers (usually pharmaceutically non-active building blocks that strongly interact with API
molecules). However, the exact compositions of the cocrystal phases are difficult to predict until
the full characterization of the crystal structures, which is often time-consuming and sometimes
elusive. Liquid-assisted grinding has been utilized as a qualitative method to discover the viable
pairs of API-coformer. In the present study, we tested the possibility of semi-quantitatively
establishing the API-coformer compositions through the grinding method. Adefovir dipivoxil (AD)
and dicarboxylic acids, a system long studied in our research group, were used as model
molecules. Specifically, AD was ground with succinic or suberic acids (SUC or SUB) at various molar
ratios, and the ground powders were characterized with X-ray diffraction and differential scanning
calorimetry. The results of the characterization were enough to lead us to conclude the correct
cocrystal compositions of AD/SUC and AD/SUB, demonstrating the usefulness of the liquid-assisted
grinding method.
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Mesoporous Excipients for Effective Delivery of Poorly Soluble Drugs
Shou-Cang Shen, Kumaran Letchmanan, Pui Shan Chow
Institute of Chemical and Engineering Sciences, A*STAR (Agency for Science, Technology and
Research), 1 Pesek Road, Jurong Island, 627833 Singapore
Email: shen_shoucang@ices.a-star.edu.sg
The poor solubility of active pharmaceutical ingredients (APIs) in water is one of the most
challenging issues in the development of many pharmaceutical products. In our group,
biocompatible mesoporous materials were applied to formulate poorly soluble APIs to achieve
enhanced dissolution and bioavailability. Mesoporous silica possesses uniform nanopore size and
large pore volume (>1.0 cm3/g). By co-spray drying with mesoporous silica (such as SBA-15, MCM41), poorly soluble APIs (such as ibuprofen, fenofibrate, artemisinin) are encapsulated in uniform
nanoporous channels in amorphous form, which could lead to a substantial enhancement in
dissolution rate and apparent solubility. The amorphous form of artemisinin loaded in mesoporous
silica showed rapid dissolution rate and more than 2-fold increase in solubility. Results of in vivo
test indicated that mesoporous silica loaded fenofibrate in amorphous form showed 30-fold higher
absorption than untreated crystalline counterpart. The pore size of mesoporous silica is
controllable at 2 – 50 nm, and pore size could affect the state of loaded APIs. Small molecular API
loaded in mesoporous silica with pore size smaller than 10 nm was amorphous, while it could be
nano-crystalline if pore size of excipient was larger than 20 nm. Besides mesoporous silica,
mesoporous carbon was also applied as excipient to load poorly soluble ingredients with enhanced
dissolution properties.
In addition to co-spray drying, many other approaches (such as impregnation, ball milling, and
melt-absorption) have been investigated to improve the solubility of APIs. Due to the large pore
volume of mesoporous excipient, high drug loading (>50 wt %) could be achieved. It is important
to note that the rigid pore walls of the uniform nanoporous channels restrict the movement of API
molecules, preventing the recrystallization of loaded APIs, thus the amorphous formulation could
be stabilized even under stressed storage condition (40°C/75 %). The application of mesoporous
excipient can be expanded to other areas, such as food, nutriention, agrochemical and consumer
care chemicals.
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The assessment of pH induced supersaturation and impact of an additional drug on the
solution phase behaviour of Saquinavir
Sujata D. Sakhare, V. Sai Krishna Anand, Swapnil J. Dengale*
Department of Pharmaceutical Quality Assurance, Manipal College of Pharmaceutical Sciences,
MAHE, Manipal, India
Weakly basic compounds are usually formulated into the salt forms. If such weak bases exhibit pHdependent solubility, then they may generate in-vivo supersaturation after the shift in pH towards
the higher side. However, there exists a possibility of lowering of the free drug concentration of
the supersaturated solution in the presence of an additional solute. The goal of this study was to
investigate the ability of Saquinavir to generate the in-vivo supersaturation and the impact of the
presence of another solute, i.e., Ritonavir on the phase behavior of the former. Saquinavir
generated supersaturation with respect to its equilibrium solubility after pH shift assay, which
sustained throughout the duration of experiments (2 hrs). Saquinavir precipitated in the
amorphous form exhibiting Type-II precipitation behavior generating the drug-rich phase and
undergoing Glass Liquid-Phase Separation (GLPS) after the shift in pH towards higher side. The
supersaturation advantage of Saquinavir was marginally lowered in the presence of amorphous
Ritonavir. However, the free drug concentration of Ritonavir was significantly reduced below the
saturation solubility generating a sub-saturated state. Both the drugs exhibited lowering in the
chemical potential in the presence of each other thereby reducing their flux/diffusion. The
decrease in the free drug concentration and chemical potential was found dependent on the mole
fraction of the solute present in the binary supersaturated solution. The findings of the phase
behavior of weak bases in the presence of other solutes are of great value not only in fixed-dose
combination, and concomitantly administered drugs but also in formulating supersaturated
systems like amorphous solid dispersions and co-amorphous systems.
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pH-Sensitive Hybrid Hydrogel: Suitable Delivery Approach for Water Insoluble Drug
Candidate
Muhammad Akhlaq, Faiza Maryam
Department of Pharmaceutics, Faculty of Pharmacy, Gomal University,
D.I. Khan, KPK, Pakistan
The study aims to design, preparae and evaluate pH-sensitive hydrogel appropriate for oral
controlled delivery of Quetiapine Fumarate (QTPF) and to determine the optimized drug loading
technique specific for water insoluble drugs. Gel/HPMC hydrogels were fabricated in the presence
of gluteraldehyde (GA) by graft polymerization technique [1-2]. In-situ- and post- drug loading
methods were applied for loading of QTPF. The samples were subjected to various studies
including swelling, porosity, diffusion co-efficient, sol-gel analysis, drug loading ( %), drug release
(pH values i.e. 1.2, 6.8 and 7.5) and Fourier transform infrared spectroscopic (FTIR) studies [1-4].
Almost 100 % drug was found loaded using in-situ method while only 40 % drug was seen with
post loading method. Swelling, porosity, gel-fraction, and drug released ( %) were found to be
dependent on concentrations of Gel, HPMC, and GA. Drug released ( %) were found to be 7.8 % for
sample S7, 40 % for S7, 50 % for S4, 83 % for S7, dependent on the quantity of polymers and crosslinker used for the synthesis of the hydrogel. FTIR confirmed the formation of polymeric crosslinked hydrogel. No interaction was observed between loaded QTPF drug and hydrogel. Kinetic
models evaluation revealed that drug release followed non-Fickian diffusion mechanism only. The
optimized hydrogels were subjected to in vivo studies using albino rabbits. In-vivo studies
contributed significantly higher plasma QTPF concentration (Cmax), time for maximum plasma
concentration (Tmax), area under the curve (AUC0–inf) and half-life (t1/2) as 21.25 ± 0.50 µg/ml,
9.00 ± 0.04 hrs, 6513.2 ± 4.09 µg.hrs/ml and 12.06 ± 0.54 hrs, respectively, for test-hydrogels when
compared to reference market brand (Qusel® 200 mg, Hilton Pharma, Karachi, Pakistan) QTPF
tablets. It might be concluded that in-situ loading technique was more suitable for water insoluble
drugs as compared to post loading method and pH sensitive hydrogel was successfully developed
to release the drug in well-controlled manner.
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Gelatin-containing pH-responsive hydrogels as oral delivery carries for therapeutic
proteins
Jihwan Oh, Bumsang Kim*
Department of Chemical Engineering, Hongik University, Seoul, Republic of Korea
Gelatin-containing pH-responsive copolymer of acrylic acid and methacrylated gelatin were
prepared by free radical photopolymerization. pH-responsive hydrogels are suitable candidates for
oral delivery of therapeutic peptides and proteins, due to their ability to respond to pH changes of
the gastrointestinal(GI) tract of the human body [1]. In particular, anionic hydrogels are an
attractive material because they contain ionizable groups that become ionized as the pH of the
external swelling medium increases over the pKa of the hydrogel. The pKa is the negative
logarithm of Ka, the acid dissociation constant, and the pKa of the hydrogel is the pH at which the
ionizable groups of the hydrogel donate a proton. In general, at a pH above the pKa of the
hydrogel, the anionic hydrogel network swells to a high degree. Thus, if a solute is incorporated
into the anionic hydrogel, the solute is released abruptly at a pH above the pKa [2]. In order to
determine the suitability of these hydrogels as carriers for oral delivery carriers for therapeutic
proteias, their swelling behavior and mucoadhesive property were investigated as a function of
the pH, copolymer compositions, and synthesis conditions. The transition between the swollen
and the collapsed states of these hydrogels was at a pH of 5. The swelling ratios of the hydrogels
increased at pH values above 5. As the cross-linking ratio of the hydrogel increased, the swelling
ratio of the hydrogels decreased at both pH 2 and 7. In addition, the mucoadhesive property of the
hydrogels was changed by the gelatin composition of the hydrogels.
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Antiplasmodial in vitro activity of nitroaromatic compounds: possible role of
Plasmodium falciparum glutathione reductase inhibition
Audronė Marozienėa, Jonas Šarlauskasa, Elisabeth Davioud-Charvetb, Narimantas Čėnasa
a

b

Institute of Biochemistry of Vilnius University, Saulėtekio 7, Vilnius LT-10257, Lithuania,
Faculte de Chimie, Universite de Strasbourg, 1 rue Blaise Pascal, 6700 Strasbourg, France

The uncompetitive inhibition constants (Ki) of Plasmodium falciparum glutathione reductase
(PfGR) by vinylquinoline-substituted nitrofurans (n = 8), nitrofurantoin, nifuroxime, and
nitrobenzene derivatives (n = 9) do not display interdependence with earlier determined Ki of
human erythrocyte glutahthione reductase (HGR) [1] (r 2 = 0.21). The dependence of log Ki (PfGR)
vs. log Ki (HGR) points to the separate or partly overlapping binding sites for vinylquinolinesubstituted nitrofurans and rest of the compounds. The earlier determined IC 50 of these
compounds towards P. falciparum strain FcB1 [1] are described by the multiparameter equations:
log IC50 (µM) = -(0.57±0.38) – (4.36±1.72) E17 (V) +
+ (0.46±0.15) log Ki (PfGR) (µM)-(0.16±0.06) log D (r2 = 0.8221),

(1)

and
log IC50 (µM) = -(0.89±0.47) – (8.01±2.19) E17 (V) +
+ (0.01±0.18) log Ki (HGR) (µM) – (0.11±0.07) log D (r2 = 0.7147),

(2)

where E17 is the single-electron reduction potential of compound, and log D is octanol/ water
distribution coefficient at pH 7.0. A dependence of log IC50 of nitroaromatic compounds on the E17
shows that their activity is partly determined by the flavoenzyme-catalyzed redox cycling and/or
formation of alkylating hydroxylamine species under partlal anaerobiosis. Besides, the log Ki and
E17 are not truly independent parameters, because there exists weakly expressed relationships
∆log Ki /∆E17, -8.32±2.00 V-1 (HGR, r2 = 0.5030), and -7.63±1.88 V-1 (PfGR, r2 = 0.4908). Nevertheless,
the Eq. (1,2) point to a possibly significant role of inhibition of PfGR, and to the uncertain role of
HGR inhibition in the antiplasmodial action of nitroaromatic compounds.
A.M., J.Š. and N.Č. gratefully acknowledge the support of the European Social Fund (Measure No.
09.33-LMT-K-712, grant No. DOTSUT-34/09.3.3.-LMT-K712-01-0058/LSS-600000-58).
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Molecular weight dependence of the ADME-Tox properties of some poly(3hydroxybutyrate), poly(3-hydroxyvalerate) and poly(3-hydroxybutirate-co-3hydroxyvalerate) oligomers
Adriana Isvoran1,2, Alecu Ciorsac3, Diana Larisa Roman1,2, Marin Roman1,2, Vasile Ostafe1,2
1

Department of Biology-Chemistry, West University of Timisoara, Timisoara, Romania; 2Advanced
Environmental Research Laboratories, West University of Timisoara, Timisoara, Romania;
3
Department of Physical Education and Sport, University Politehnica Timisoara, Timisoara,
Romania

Poly(3-hydroxybutirate) (PHB), poly(3-hydroxyvalerate) (PHV) and poly(3-hydroxybutyrate-co-3hydroxyvalerate) (PHBV) are synthetic polymers obtained by the polymerisation of 3hydroxybutanoic acid, 3-hydroxypentanoic acid and by copolymerization of 3-hydroxybutanoic
acid and 3-hydroxypentanoic acid respectively . Their applications cover packaging, medical
devices and controlled release of drugs. Taking into account the medical and pharmaceutical
applications, within this study we have analysed the molelcuyar weight dependence of the ADMETox properties of some PHB, PHV and PHBV oligomers using SwissADME and admetSAR
computational tools. Regardless of molecular weight, considered oligomers reflect high
gastrointestinal absorption, they are not able to penetrate the blood brain barrier and to inhibit
human cytochromes involved in xenobiotics metabolism. Their solubility, oral bioavailability and
skin permeation decrease with increasing molecular weight.
Acknowledgment: This work was supported by the grant PN3-P3-285, Polymeric NanoBioMaterials
for drug delivery: developing and implementation of safe-by-design concept enabling safe
healthcare solutions.
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Applying the concept of multilevel toxicological test batteries to wound healing active
compounds
Vasile Ostafe1,2, Rando Tuvikene3, Adina Matica1,2, Bianca Boros1,2, Bianca Vulpe1,2,
Adriana Isvoran1,2
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Department of Biology-Chemistry, West University of Timisoara, Timisoara, Romania; 2Advanced
Environmental Research Laboratories, West University of Timisoara,
Timisoara, Romania
3
School of Natural Sciences and Health, Tallinn University,
Narva mnt 29, 10120 Tallinn, Estonia

Wound healing is a complex process in which the skin repairs itself after injury, implying several
steps (blood clotting, inflammation, proliferation and maturation of affected tissue), that can
overlap in time. Formation of non-healing chronic wounds may occurs when at least one of the
multistage healing process is interrupted or impaired. In all these steps, active compounds can be
used to help to accelerate or control the healing process. Often the added compounds are not
involved directly in the healing process, but may contribute to the better development of the
tissue (like antioxidants, vitamins, antibiotics, antiseptics, natural products, etc.). The toxicity of
these compounds should be assessed before their usage on humans. The multilevel toxicological
test batteries concept involves studies in silico, in vitro and in vivo, at different levels, based on
realization, for each level, of a testing battery that includes several assays selected by some
specific criteria. The first level – in silico assays – imply to estimate the possible toxic effects of the
analyte using a battery of specialized software (like ADME-Tox). In vitro assays are further applied
to those compounds that were considered toxic by in silico assays. Among the in vitro studies, the
toxicity at molecular level can include assays to test the effects of the target compound onto a
battery of enzymes, chosen from the major metabolic pathways. For positive candidates, other
batteries of assays at molecular level can be also used, like bio-mimetic chromatography. In the
next level – in vivo assays – the tests are based on a battery formed from unicellular organisms
(bacteria, yeasts): endocrine disruption using luciferase reporter assay, yeast-based reporter gene
assay, bacterial reverse mutation assay and others. The positive compounds are further analysed
using a battery of assays at the level of inferior (invertebrate) organisms (Daphnia, Lemna,
Caenorhabditis, etc.). Extrapolation to humans of the obtained results is validated (or not) by the
battery of tests based on mammalian cell culture (in the case of wound healing active compounds
the test battery includes assays based on keratinocytes and fibroblasts cell culture). Using the
concept of multilevel toxicological test batteries, the present study is an important step towards
the implementation of the requirements of the three R – replace the use of animals with other
types of tests, reduce the number of animals used in assays and redefine these procedures.
Acknowledgment: This work was supported by the grant PN3-P3-284, Biotechnological tools
implementation for new wound healing applications of byproducts from the crustacean seafood
processing industry.
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Layer-by-layer (LbL) self-assembly films for buccal drug delivery: the effect of polymer
cross-linking
Bissera Pilicheva, Yordanka Uzunova, Ivan Bodurov*, Ivanka Vlaeva**, Asya Viraneva*, Ginka
Exner*, Sotir Sotirov**, Tsenka Grancharova*, Maria Marudova*,
Temenuzhka Yovcheva*
Medical University - Plovdiv, Faculty of Pharmacy, 15A Vassil Aprilov blvd,
4002 Plovdiv, Bulgaria, bisserapi@gbg.bg
* Plovdiv University “Paisii Hilendarski”, Faculty of Physics, 24 Tsar Asen str.,
4000 Plovdiv, Bulgaria
** University of Food Technologies, Department of Mathematics and Physics,
26 Maritsa blvd., 4002 Plovdiv, Bulgaria
Multilayer films, which are generally prepared by LbL assembly technique, represent an emerging
and scarcely explored area of drug delivery. Typically, multilayer structures are based on the
formation of polyelectrolyte complexes between oppositely charged molecules due to the
formation of strong, but reversible electrostatic bonds. Drug molecules can be incorporated within
the polymer layers, providing a drug-delivery depot. The formed polymeric networks, which are
biocompatible and quite sensitive to changes in the environmental conditions, may act as a
constraint for drug diffusion, thus providing prolonged drug release. The main goal of this study
was the preparation of multilayer polyectrolyte mucoadhesive films intended for buccal delivery of
benzydamine hydrochloride (BZ). Another important issue was to evaluate the effect of polymer
crosslinking as a means to enhance drug loading and ensure sustained drug release.
LbL deposition technique was applied for the multilayer build-up. The deposition was performed
by alternative dip-coating of corona pretreated polylactic acid substrates into chitosan and caseine
solutions. For drug loading of the samples, BZ was dissolved in the chitosan solution at 5 %
concentration. Chitosan and casein deposition was followed by crosslinking with
glutaraldehyde/sodium tripolyphosphate, and calcium chloride, respectively. The procedure was
carried out until eight layers were laid. The formation of polyelectrolyte complex and the
crosslinking occurrence were proven by ATR-FTIR spectroscopy. Further investigations on the
morphology and topography of the samples were carried out by AFM. Moreover, swelling
behavior, content uniformity, drug release and mucoadhesion were investigated.
All the experimental data displayed differences in the structure and surface properties of the films
as per the crosslinking agent used. The percentage swelling confirmed big relevance for buccal
administration foreshadowing high drug diffusion rate and preventing excessive polymer erosion.
Drug release was biphasic with a significant burst effect. The films exhibited satisfactory
mucoadhesion. All the investigated parameters were significantly influenced by the crosslinking
mode. Double crosslinking of chitosan with glutaraldehyde and sodium tripolyphosphate proved to
be the most appropriate method for the achievement of the desired goals.
Acknowledgements: This study was funded by Bulgarian National Scientific Fund, Project No DFNI
B-02/7.
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LC-MS approach for pharmacokinetics and tissue distribution study of aconitum
alkaloids
Na Li*, Jian-Lin Wu, Yida Zhang
State Key Laboratory for Quality Research of Chinese Medicines, Macau University of Science and
Technology, Avenida Wai Long, Taipa, Macao
The roots of Aconitum carmichaelii Debx. were widely used as anti-inflammatory, analgesic,
diuretic, and cardiotonic agent in Eastern Asia. Aconitum alkaloids, e.g. aconitine, mesaconitine,
and hypaconitine, were reported to be the major bioactive components. However, A. carmichaelii
and these three major alkaloids also exhibited strong toxicity and the therapeutic windows were
very narrow. In addition, the physiological activity could not be completely explained by these
three alkaloids. In order to systematically understand the effects of aconitum alkaloids in A.
carmichaelii and ensure the safe use in clinics, ultra-high performance liquid chromatographymass spectrometry approach (UHPLC-MS) was applied for the qualitative and quantitative analysis.
After dosing with the extract of A. carmichaelii, at least 18 aconitum alkaloids, including 6 diesterditerpenoid alkaloids (DDAs), 2 monoester-diterpenoid alkaloids (MDAs) and 2 MDA ethers, as well
as 8 amine-diterpenoid alkaloids (ADAs), were detected from the blood samples of Sprague
Dawley rats using UHPLC-quadruple-time of flight-MS (UHPLC-Q-TOF-MS) method. Next, an
UHPLC-triple quadruple-MS (UHPLC-QQQ-MS) approach was established to investigate their
pharmacokinetic characteristics and tissue distribution. Using dynamic multiple reaction
monitoring mode, 18 aconitum alkaloids were simultaneously quantified with the lowest limit of
quantification (LLOQ) of 0.06 – 0.19 ng/mL. It was found that the plasma concentration-time
curves for most alkaloids showed double peaks, the first peak was about 0.5-1 h and the second at
around 6-8 h after administration. Moreover, the areas under the curves for most alkaloids were
positively correlated with the amounts in the herb, while mesaconitine, 10-hydroxyaconitine, and
aconitine had lower bioavailability, which might be induced by the P-glycoprotein efflux effect.
Two MDA ethers exhibited longer residence times than other analytes. In tissue distribution study,
the alkaloids were more inclined to distribute in the organs with abundant blood supply, such as
liver, kidney, lung, spleen. The amounts of most analytes in high dose group were significantly
higher than that in low dsoe group, especially some DDAs, like mesaconitine, 10-hydroxyaconitine,
hypaconitine, aconitine, and deoxyaconitine, and the content difference was about 100 times. It
seemed indicated that these DDAs should be the main toxic components. To the best of our
knowledge, this is the first report on the pharmacokinetics and tissue distribution research of ten
diterpenoid alkaloids.
Acknowledgement: This work is supported by Macao Science and Technology Development Fund
(003/2016/A1 & 014/2017/A1).
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From Drug Reactive Metabolites to Liver Injury Assessment: A Strategy for
Hepatotoxicity Prediction Using Human Liver Microsome and LC-MS Analysis
Jian-lin Wu*, Na Li, Yue Zhuo
State Key Laboratory for Quality Research of Chinese Medicines, Macau University of Science and
Technology, Avenida Wai Long, Taipa, Macao
Hepatotoxicity is a leading cause of drugs withdrawal from the market, thus the assessment of
potential drug induced liver injury (DILI) in preclinical trial is necessary. More and more researches
showed that the covalent modification of drug reac-tive metabolites (RMs) for cellular proteins is a
possible reason of DILI. Unfortunately, so far no appropriate method can be employed to evaluate
this kind of DILI, due to the low abundance of RM-protein adducts in complex biological samples.
In this study, we proposed a mechanism-based strategy to solve this problem using human liver
microsome and LC-MS analysis. Firstly RMs are trapped by model amino acids (AAs) and identified
by UHPLC-Q-TOF-MS, which provides the information on RM modification patterns and potential
modified AA residues. Then the digested microsomal peptides are analyzed by on-line 2D nano-LCQ-TOF-MS followed by detection of RM-modified proteins using Mascot, in which RM modification
patterns on specific AA residues are added as variable modifications. Finally, the functions and
relationship with hepatotoxicity of RM-modified proteins are investigated using Ingenuity Pathway
Analysis (IPA) to predict the possible DILI. Using this strategy, 24 proteins were found to be
modified by RMs of toosendanin, a hepatotoxic drug with complex structure, and some of them
have been reported to be associated with hepatotoxicity. This strategy emphasizes on the
identification of proteins covalently modified by drug RMs in complex biological samples and no
pretreatment is required for the drugs, consequently it may serve as a valuable method to predict
potential DILI and elucidate the mechanism.
Acknowledgement: This work is supported by Macao Science and Technology Development Fund
[009/2017/A1].
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Layer-by-layer (LbL) self assembly technique is widely used for preparation of multilayer films for
their ease of fabrication. The technique is based on consecutive adsorption on solid substrate of
oppositely charged molecules through electrostatic interactions. Such types of multilayer
structures are promising as drug delivery systems. Chitosan is widely used as carrier material in
various dosage forms due to its biocompatibility and biodegradability. Many different
polyelectrolyte complexes between chitosan and natural anionic polysaccharides and proteins
have been developed but not sufficiently investigated for drug delivery purposes. The present
study was undertaken to evaluate the possible approaches for incorporation of the drug molecules
in order to maximize drug loading. Benzydamine was used as a model drug.
LbL deposition technique was applied for the build-up of eight-layer polymer films. The deposition
was performed by alternative dip-coating of corona pretreated polylactic acid (PLA) substrates into
chitosan and xanthan, and chitosan and casein solutions. Different models of multilayer films were
prepared varying the mode of drug loading – within the polycationic layer, within the polyanionic
layer, or in both layers. Chemical crosslinking of the polymers was applied as a strategy to hinder
drug diffusion thus preventing from excessive loss during the preparation stage and providing
prolonged drug release.
The formation of polyelectrolyte complexes and the crosslinking occurrence were proven by ATRFTIR spectroscopy. The experimental data revealed successful deposition of chitosan/xanthan and
chitosan/casein multilayer films on the PLA substrate. ATR-FTIR spectra confirm polymers
crosslinking and drug loading. Drug loading was analysed using HPLC after appropriate extraction
of benzydamine from the samples. All cross-linked samples exhibit higher drug loading compared
to the non cross-linked ones. Additionally, drug release was investigated.
Acknowledgements: This study was funded by Bulgarian National Scientific Fund, Project No DFNI
B-02/7.
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of Surfactants on Processing Temperature, Drug Release & Supersaturation
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PURPOSE: Hot-melt extrusion (HME) is a commonly used method to prepare solid dispersions to improve
dissolution rate and bioavailability of poorly water-soluble drugs. Hydroxypropyl methylcellulose acetate
succinate (HPMCAS) is widely evaluated to prepare solid dispersion of weakly basic drugs due to its
interaction with acetyl and succinoyl groups. It also provides good physical stability due to higher glass
transition temperature (Tg) and lower moisture absorption. However, high melt viscosity and Tg limit its
use in formulating solid dispersion by HME. Thus, most of the commercial solid dispersion products
containing HPMCAS as a carrier were prepared by spray drying. Also, HPMCAS-based solid dispersions
exhibit pH dependent drug release as it is soluble at pH >5.5. Addition of surfactants may plasticize
HPMCAS and reduces processing temperature, and it may also improve the drug release at low stomach
pH. The primary objective of this investigation was to develop HME process for HPMCAS-based solid
dispersions using three surfactants (poloxamer 188, poloxamer 407 and D-α-tocopherol polyethylene
glycol 1000 succinate (TPGS)) as plasticizers. Effect of added surfactants on dissolution rate and drug
supersaturations were also studied.
METHODS: The physical mixtures containing drug-polymer or drug-surfactant-polymer were extruded
using Process 11 twin screw extruder at 160˚C.The drug-polymer, polymer-surfactant and polymer-drugsurfactant miscibility testing was performed using the film casting, where the films examined initially after
exposing to 40˚C/75 %RH for 30 days. In addition, the physical stability of crushed exudates was conducted
after extrusion and upon exposure to 40˚C/75 % RH on day 30. Differential scanning calorimetry (DSC) and
powder X-ray diffraction (XRD) were carried out to evaluate crystallinity in the films and crushed exudates.
The effect of drug and surfactant on viscosity of HPMCAS was evaluated conducting oscillation
temperature sweep and frequency sweep using Discovery HR-2 rheometer. The drug release study was
carried out in USP dissolution apparatus II using crushed extrudates (< 212 µm) particle size containing
100-mg equivalent of itraconazole in 250 mL of 0.1N HCl (pH 1) for 2 hours and additional 5 hours after
adjusting the pH to 6.8 at 75 RPM and 37 ± 0.5°C.
RESULTS: The mixtures of itraconazole-HPMCAS (20:80 w/w), surfactant-HPMCAS (20:80) and surfactantdrug-HPMCAS (15:20:65) was found to be miscible for a month at 40˚C/75 % RH. Crushed filaments
containing surfactant-drug-polymer (10:20:70 and 15:20:65 w/w) were found to be stable at 40˚C/75 % RH
for a month. The presence of surfactant and/or the dissolved drug reduced the melt viscosity of HPMCAS
drastically and enabled extrusion at low temperature of 130˚C, without surfactant and drug, a
temperature 160˚C was necessary for extrusion. The binary mixtures containing surfactant-polymer (10:90
and 15:85 w/w) were also extrudable at 130˚C with ~80 % of torque. The drug-polymer solid dispersion
showed ~8 % of drug release at pH 1. However, incurporation of surfactant improved drug release, and
about 50 % of drug release was observed with 15 % of poloxamer 407 and TPGS at pH 1. Further, complete
dispersion and supersaturation of itraconazole was observed upon changing pH to 6.8, and
supersaturation was maintained for 5 hours 9.
CONCLUSIONS: The ternary solid dispersions containing surfactant-drug-polymer were miscible up to 15
%, 20 % and 65 % w/w. The processability of HPMCAS was improved by presence of surfactant and drug,
and the drug release was improved by the presence of surfactant.
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In vitro, non-cellular permeability assay to predict corneal absorption of APIs using the
PAMPA model
Gergő Dargó*,#, Anna Vincze*, Judit Müller§, György Tibor Balogh*
*Chemistry Department, Gedeon Richter Plc., Gyömrői út. 19-21., 1107 Budapest, Hungary
#Department of Organic Chemistry and Technology, Budapest University of Technology and
Economics, Műegyetem rkp. 3., 1111 Budapest, Hungary
§Medicinal Chemistry Laboratory II., Gedeon Richter Plc., Gyömrői út. 19-21., 1107 Budapest,
Hungary
Due to its complex and peculiar structure, the human eye can be affected by several diseases that
might cause visual impairment. For treatment of the diseases of the anterior segment of the eye,
the topical, non-invasive route of drug administration is preferred, using liquid, semisolid and solid
ophthalmic drug forms (eye drops, creams and gels, microemulsions, contact lenses coated with
drugs, ocular inserts, etc.) [1].
Absorption of active pharmaceutical ingredients (APIs) from these drug forms may involve the
corneal and/or non-corneal routes, however, in both cases bioavailability is impaired as lacrimal
fluid washes away a significant amount of applied drugs. Also, topical pharmacodynamic effect can
be mainly attributed to API absorbed through the first route, since the drug fraction absorbed
through the later routes is mostly transferred into general circulation by the local capillaries [2].
Thus, prediction of corneal permeability is essential to select APIs for ophthalmic formulations at
the early stage of the drug discovery process.
To this avail, several models have been reported: ex vivo methods, using cornea of vertebrate
animals (from rabbit, pig or bovine eyes) and in vitro, cellular methods, using primary cell cultures,
immortalized cell lines, and reconstructed tissue cultures of rabbit or human origin [3]. However,
to our knowledge, in vitro, non-cellular permeability model has not been reported, therefore, our
research aimed to develop a high-throughput screening model for the prediction of corneal
permeability as an alternative of the expensive, and time-consuming ex vivo and in vitro cell-based
models. For this purpose, the parallel artificial membrane permeability assay (PAMPA) was used,
studying the effects of composition of the artificial membrane, different buffer solutions and the
DMSO cosolvent content in the model. Based on experimental corneal permeability values of 25
APIs, a final model with good predictive ability (R2= 0.884) was developed and validated.
Acknowledgement: G. Dargó thanks the Gedeon Richter Talentum Foundation for financial
support.
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Liquid-liquid phase separation and crystal precipitation of diclofenac free acid in the
vicinity of its sodium salt
Jumpei Oki, Taiga Uekusa, Kiyohiko Sugano
Molecular Pharmaceutics Lab., College of Pharmaceutical Sciences,
Ritsumeikan University, Japan
Introduction: Recent drug candidates are often poorly soluble in water. One of the methods for
improving the oral bioavailability of poorly water-soluble drugs is to form a supersaturable drug
substance. Supersaturable drug substance can temporarily raise the concentration in the
gastrointestinal tract. However, the tablets of diclofenac sodium (DCF-Na) are known not to
supersaturate in the in vitro dissolution test. In this study, we investigated the reason why
supersaturation does not occur during dissolution of the DCF-Na tablets.
Method: Dissolution and recrystallization behavior of DCF-Na in 0.01 N HCl was observed under a
polarization microscope (PLM). Dissolution profiles in 0.01 N HCl was evaluated by a dissolution
test.
Result: In a closed environment mimicking the disintegration of a tablet, an amorphous form was
generated in the vicinity of a DCF-Na particle by liquid-liquid phase separation immediately after
contact with 0.01 N HCl. Diclofenac free form crystals precipitated from this amorphous state after
about 1 minute. On the other hand, in the dissolution test of DCF-Na particles, a supersaturated
state was maintained for about 10 minutes. The degree of supersaturation was about 15 times
higher than that of the intrinsic solubility.
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Precipitation of free form on particle surface of supersaturable drug substance: effect of
bile micelles
Taiga Uekusa, Jumpei Oki, Kiyohiko Sugano
Molecular Pharmaceutics Lab., College of Pharmaceutical Sciences,
Ritsumeikan University, Japan
Introduction: Supersaturable active pharmaceutical ingredients (sAPI) can temporarily
supersaturate the drug concentration in the gastrointestinal tract. Dissolution tests which measure
the drug concentration in bulk media have been used to evaluate the dissolution profiles of sAPI.
However, in our previous study, free form precipitation was observed on the surface of sAPI
particles. The purpose of this study was to investigate the effect of bile micelles on the
precipitation of a free form on the surface of its sAPI particles.
Method: Pioglitazone hydrochloride (PIO-HCl) was used as a model drug. Fasted and fed state
simulated intestinal fluids (FaSSIF and FeSSIF) were used as bile micelle media. The precipitation of
PIO free base (PIO-FB) on the surface of PIO-HCl was observed in FaSSIF and FeSSIF with a
polarization microscope. The solid form of the precipitant was identified by powder X-ray
diffraction and Raman microscope.
Results: Fine acicular crystals of PIO-FB precipitated on the crystal particle surface of PIO-HCl in
blank FaSSIF and FaSSIF. In contrast, thick acicular crystals precipitated in FeSSIF. The results of in
vitro dissolution tests will be also reported.
Conclusion: Bile micelles affected the precipitation behavior of PIO-FB on the PIO HCl particles. A
good understanding of particle surface precipitation will improve the success rate of formulation
development.
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The lipophilic prodrug of temozolomide and it loaded PLGA nanoparticles: preparation,
characterization, and anti-glioma study
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b
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Background: Temozolomide (TMZ) is one of the most effective drugs for the treatment of
glioblastoma (GBM) in the clinic, but its application is limited due to its poor solubility.
Objective: To esterify TMZ to increase its lipid solubility and prepare TMZ butyl ester (TBE)-loaded
polylactide-co-glycolide (PLGA) nanoparticles (NPs) for the treatment of GBM.
Methods: TBE was synthesized by hydrolysis and esterification reaction and its structure was
verified by 1H- and 13C-nuclear magnetic resonance (NMR) spectrometer. The cytotoxicity of TMZ
and TBE were evaluated in glioma C6 cells, and the in vivo metabolic processes of TMZ and TBE
were investigated by pharmacokinetic experiments. TMZ- and TBE-loaded PLGA-NPs were
prepared by an emulsion-solvent evaporation method, the particle size, zeta potential, drugloading capacity, and in vitro release behavior were investigated. The anti-glioma efficacy of TBEloaded NPs was evaluated using the median survival time and the apoptotic glioma cells of gliomabearing rats.
Results: The results of NMR showed that TBE was successfully synthesized. In vitro cytotoxicity
experiments showed that TBE and TMZ have the same effect to inhibit the proliferation of C6 cells.
Pharmacokinetics experiments in vivo demonstrated that there was no significant difference
between TBE and TMZ in half-life time (t1/2), area under the curve (AUC), and peak concentration
(Cmax). TMZ- and TBE-loaded PLGA-NPs showed a mean particle size of 120.1 ± 5.3 and 125.1 ± 3.5
nm, respectively. And both of them showed a sustained in vitro release profile for up to 48 h. The
encapsulation efficiency of TBE in NPs was 35.85 ± 3.6 % significant higher than that of TMZ (5.6 ±
1.5 %), and TBE-loaded NPs showed more apoptosis of glioma cells than free drug in
pharmacodynamic studies.
Conclusion: The esterification of TMZ could significantly increase the encapsulation efficiency in
NPs and showed great potential in drug delivery for GBM therapy.
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New metastable hydrate of metacetamol
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The preparation of new drug forms and the investigation of their properties play an important role
in science and pharmaceutical industry. Recently, the enhancement of already known drugs using
polymorphs, cocrystals, salts, hydrates and othe r solid forms of the active substance is of high
interest as search of new ones [1]. However, nowadays the problem of predicting the conditions
for obtaining a certain form remains relevant, since the crystallization process is a complex process
that is controlled by both kinetic and thermodynamic parameters of the system that are directly
related to the crystal structure. Therefore, establishing a connection between the properties,
conditions of obtaining and structure of compound is an important direction in the science of
pharmaceutical materials.
As a rule, already existing medicines and their analogues serve as model systems for studying the
conditions of preparation, stability and properties of solid forms. A vivid example of such systems
is paracetamol, a nonsteroidal analgesic and an antipyretic for which a large number of different
solid forms have been obtained and studied, while for its structural analogue – metacetamol –
there is little data on observed solid forms, their properties and conditions of preparation [2].
The aim of this work was to obtain new forms of metacetamol, to study their properties, and to
compare the structures with previously studied for various forms of metacetamol and
paracetamol.
In this work, a previously unknown form of metacetamol – metacetamol semihydrate – was
obtained. This form is metastable and is crystallized using kinetic control. The process of
crystallization strongly depends on vapor pressure and temperature, so the preparation of this
form represents a difficult task. Although metacetamol hydrate is highly prone to dehydration at
ambient conditions, its structure was characterized by single-crystal and powder X-ray diffraction.
The crystal structure was analyzed and compared with the structures of various solid forms
observed for paracetamol and two forms of metacetamol [3]. Besides that, conditions of obtaining
the new form of metacetamol were compared with ones for paracetamol hydrates and two
metacetamol polymorphs. Thereby, metastability and preparation method of the new
metacetamol hydrate was explained on the basis of extensive crystallochemical analysis.
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Polymorphism of active pharmaceutical ingredients plays an important role in producing drugs.
Due to the reason that various drug forms have different properties (stability, solubility,
bioavailability, etc.), polymorphism screening is of high interest for science and industry. On the
one hand, search of new polymorphs can lead to preparation of the form with improved
properties. On the other hand, new obtained form may turn up not the most stable one at definite
conditions that may cause its recrystallization to a form with undesirable properties [1]. Thus, it is
important to find all polymorphs of particular compound and conditions at which they are formed.
For such purposes experimental and computational methods are widely used. However, it is still
not clear why so many compounds are polymorphic and how preparation conditions are related to
the crystal structure. Studying the factors affecting formation of a particular drug form and its
stability can help to become closer to answering these questions. One of the possible approaches
for such studies consists in the use of extreme conditions.
Tolazamide, an active pharmaceutical ingredient of oral blood glucose lowering drug of the
sulfonylurea class, has two polymorphs with significantly different molecular packing [2]. Different
intermolecular interactions and, besides, various molecular conformations in the crystal structures
result in different stability of polymorphs. Experiments and DFT calculations show that form I is
more thermodynamically stable than form II. Storing in solutions, crystals of form II eventually
recrystallize into form I. It is required heating up to 373 K to trigger this transition in single crystals
or powder samples.
The purpose of this study was to follow the behavior of tolazamide polymorphs at extreme
conditions using X-ray diffraction and DFT calculations. Both forms were investigated in the range
295–100 K and 0–7 GPa [3]. No polymorphic transitions were detected at these conditions. Form I
remains stable while form II preserves being metastable in all the studied (T, P) range. The
comprehensive study of all changes in structural parameters and investigation of the
conformational landscape of tolazamide molecule helped to rationalize the observed results.
References:
1.
2.
3.

J. Bauer, S. Spanton, R. Henry, J. Quick, W. Dziki, W. Porter, J. Morris, Ritonavir: an extraordinary
example of conformational polymorphism, Pharm. Res. 18 (2001) 859-866.
E.V. Boldyreva et al., Isoenergetic polymorphism: the puzzle of tolazamide as a case study, Chem. – Eur.
J. 21 (2015) 15395-15404.
A.Yu. Fedorov, D.A. Rychkov, E.A. Losev, B.A. Zakharov, J. Stare, E.V. Boldyreva, Effect of pressure on two
polymorphs of tolazamide: why no interconversion? CrystEngComm. 19 (2017) 2243-2252.

Ibaraki campus of Ritsumeikan University, Osaka, Japan, August 28-30, 2018

45

7th IAPC Meeting & PFC-J

P 16
Anti-TACE antibody drug development in combination with EGFR inhibitor(s) for the
treatment of lung cancer
Yang Zheng1, Gillian Murphy2, Kin Yip Tam1 and Hang Fai Kwok1
1

Faculty of Health Sciences, University of Macau, Avenida de Universidade, Macau SAR
2
CRUK Cambridge Institute, University of Cambridge, Cambridge CB2 0RE, U.K.

TNF-Alpha Converting Enzyme (TACE) is a membrane-bound zinc metalloprotease (MP) that may
play a significant role in tumour biology, notably by the conversion of many inactive cell-surface
ligands into active soluble ligands; e.g. ErbB-ligands such as TGF-Alpha, HB-EGF, EGF, Amphiregulin
and Epigen. Moreover, TACE can stimulate local inflammation by solubilising TNF-Alpha, and aid
immunological evasion by removing tumour cell surface MICA. Due to the homology between MP
active sites, the development of small molecule TACE inhibitors has been plagued with unwanted
non-specific MP activity. Recently, our group has successfully developed an inhibitory TACE
antibody [A9(B8)] and showed the effective inhibition of both human and mouse TACE.
In this study, we evaluated anti-tumour efficacy of A9(B8) -- the first specific ‘Human and Mouse
Cross-Reactive’ anti-ADAM17 inhibitory IgG antibody in combination with FDA approved EGFR
inhibitors (Erlotinib and Gefitinib) for the treatment of lung cancer (NSCLC). For the in vitro data, it
demonstrated that A9(B8) enhanced sensitivity of lung cancer cell line (NCI-H1975) to the anticancer therapy of EGFR-TKis and also augmented the p-ERK suppression by EGFR-TKis under PMA
stimulation. Currently, we are further investigating whether A9(B8) has an additive effect on antitumor when combined with erlotinib in NCI-H1975 in in vivo xenograft model, and planned to
perform Ex vivo studies by using xenograft’s tumor samples in order to dissect the combinatory
anti-cancer mechanism.
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Recent trend in drug development toward bio-molecules has increased the demand for oral
delivery of biologics, especially of therapeutic peptides. However, oral bioavailability of most
peptides is quite low due to their low membrane permeability and poor stability in the GI tract. To
develop an effective system for oral delivery of peptides, osmolarity-sensitive liposomes were
prepared which included hypertonic solution inside the liposomes. Those hypertonic liposomes
were expected to release the encapsulated drug quickly at the surface of the intestinal membrane,
depending on the osmotic difference between inside/outside of the liposomes. So far, by using
osmolarity-sensitive liposomes composed of distearoylphosphatidylcholine (DSPC), we have
improved the oral absorption of model middle-molecular compound, FITC-dextran 4000(FD-4),
significantly. However, the extent of the absorption was not enough, and the results were highly
variable. In this study, in order to improve the absorption enhacing effect of liposomes with less
variability, mucoadhesive-property was added to the liposomes.
To add the muco- adhesiveness to the liposomes, surface of the DSPC liposome was coated with
Pluronic F127 by freeze-dry method. Hydration was done with 0.3 M sucrose-phosphate buffer
including FD-4 as a model middle-molecule. Release profile of FD-4 from liposomes was observed
in vitro using a dialysis membrane (100 kDa cut off). To assess the muco-adhesibility of the
liposomes, FD-4 solution or suspension of DSPC or pluronic coated DSPC (DSPC-Plu) liposomes
were injected into 5 cm intestinal loop of mice. After 30minutes, loop was isoalated and inside was
washed 5-times with saline, then the fluorescence intensity remained in the loop was observed. To
assess the retentivity in the GI tract, FD-4 solution or liposomal suspension was orally administered
to mice, then mice were sacrificed at 10, 30, 60 and 120 min and fluorescence intensity in each
part of the GI tract was quantitatively evaluated.
Surface coating with Pluronic did not affect the particle size, ζ-potential of the liposome. In the
intestinal loop experiment, fluorescence intensity remained in the loop was quite weak from FD-4
solution, while strong intensity was detected from DSPC and DSPC-Plu liposomes, indicating a high
adhesibility of the liposome itself to the intestinal mucosa. In the oral administration experiment,
about 70 % of FD-4 solution and DSPC liposomes were excreted from the stomach to the small
intestine during the first 10 minutes, while half of DSPC-Plu liposomes were remained in the
stomach. After 30 minutes, most of FD-4 solution and DSPC liposomes were detected in the middle
or lower part of small intestine. In contrast, DSPC-Plu liposomes were still found in the stomach
and the upper part of small intestine. These results indicated a strong muco- adhesibility of the
surface coated liposome with the Pluronic F127 has led to the high retentivity in the GI tract.
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<Background and Purpose> Poor water solubility of the compounds often causes the saturation in
the intestinal absorption which limits their systemic exposure by oral administration. In order to
develop oral products of such compounds, it is quite important to evaluate their absorption
potential at the early stage of drug development. Maximum Absorbable Dose (MAD) is a useful
parameter to understand the limit of oral drug absorption and is described as
MAD = Cs x Peff x SA x Tsi
where Cs , Peff , SA, and Tsi represent the solubility, effective permeability of the compound, the
effective surface area, and the transit time in the GI tract, respectively. In MAD equation, Cs and Peff
are the physicochemical parameters of the compound and usually measured in vitro. In contrast,
SA and Tsi values are the physiological parameters of GI tract and depend on animal species
including human. If the SA x Tsi values of animals and human are determined preliminarily and
used as default, MAD is easily obtained only from the in vitro study. In this study, as a first step, we
have tried to estimate SA x Tsi value in rats by measuring Cs x Peff value in vitro and MAD value in
vivo, respectively.
<Methods> Mebendazole (MBZ), fenofibrate (FEN) and griseofulvin (GRF) were used as the model
of poorly soluble drugs. In vitro Dissolution/Permeation (D/P) system equipped with Caco-2 cell
monolayes was used to measure Cs x Peff values. Excess amount of each drug suspended in rat
fasted-state simulated intestinal fluid was applied to the D/P system and Cs x Peff value was
calculated from the permeation rate across Caco-2 cell monolayers. MAD in rats was determined
in vivo by oral administration of each drug as a suspension at various doses. As a parameter of
systemic exposure, area under the plasma concentration time curve (AUC) was calculated for each
drug, then the dose providing 80 % of AUCmax value (MAD80) was obtained and used as an index of
the absorption potential of the drug.
<Results and Discussion> Cs x Peff values of MBZ, FEN, and GRF measred in D/P system were 0.19,
1.53, and 3.40 (μg/cm2/hr) and MAD80 values in rat were 32.7, 217, and 321 (mg/kg), respectively.
SA x Tsi value in rat was calcualted as MAD/(Cs x Peff), which gave the mean value of three drugs as
34,000 (cm2・hr). This value is approximately 100 times larger than the reported SA x Tsi value in
rats. The diffrence in the drug permeability to Caco-2 cell monolayers in vitro and to rat small
intestine in vivo should be the main reason of the difference in the calculated SA x Tsi value.
Therefore, the obtained SA x Tsi value is considered to include the scaling factor of the
permeability (from Caco-2 cell monolayer to rat small intestine). In conclusion, by using the default
value of SA x Tsi, MAD of various compounds can be estimated from their Cs x Peff values measured
in D/P system.
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Introduction: Hydrophilic drugs usually show poor oral absorption. However, tetracycline (TC), a
zwitterion that has log DpH 6.5 = -1.7, shows good oral absorption (70 %). In this study, the effects of
drug concentration, lipid membrane composition, inhibitors, and ionic strength on the membrane
permeability (Pe) of TC were examined using the parallel artificial membrane permeation assay
(PAMPA).
Method: Phosphatidylcholine (PC) and soybean lecithin (containing 28 % PC) were dissolved in
decane and added to a filter support to construct the PAMPA membrane. Pe was measured at pH
6.5 and 37℃. Inhibitory effects of tetrahexylammonium (THA), L-leucine and DL-2-amino-noctanoic acid (AOA) on the membrane permeation of TC were also investigated.
Result・Discussion: The Pe values of TC was higher in the soybean lecithin membrane than in the
PC membrane. In the 10 % soy lecithin membrane, the Pe value of TC was about 1.5 times higher
than that of caffeine (logP = -0.01). TC permeation was saturated at high concentration. Ionic
strength did not affect Pe. THA, an ion pair transport inhibitor for cationic compounds, did not
inhibit TC permeation. L-leucine and AOA (fat-soluble zwitterion) did not inhibit TC permeation. In
conclusion, the component of soybean lecithin other than PC enhanced the membrane
permeation of TC. Further investigation is required to identify the permeation mechanism of TC.
TC

Procainamide

(N.D)
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Development for the Quality Control Methods of Crude Drug and Drug Products in
Korean Pharmacopoeia
JaeHyeong Ahn, MinSun Kim, YuBin Bang, RaeSeok Jung, Won Shin
Drug Research Team, National Institute of Food and Drug Safety Evaluation, Korea
The Korean Pharmacopoeia (KP) is used as a standard for quality control of pharmaceuticals. It has
more than 2,500 monographs and each monograph is constantly required to be reviewd and
revised due to the scientific and technological advance of analysis, international harmonization
and so on.
The purpose of this study is to develop a test method that improved the accuracy and convenience
to increase the utilization of KP and effectively support the quality control through KP. In
pharmaceutical companies that manufacture finished products (FPs), quality control for active
pharmaceutical ingredients (APIs) and FPs is carried out simutaniously according to KP test
methods. However, in some cases, quantative assay methods of APIs and FPs are different from
each other. For example, Methocarbamol, quantitative method of API is UV and FPs’s method is
HPLC.
If the KP presents common applicable assay for APIs and FPs with improved accuracy and
convenience, the convenience of the company will be improved and utilization of KP will be
increased. We intended to develop a test method that can be applied commonly to APIs and FPs.
Investigation is performed the monographs of APIs and FPs with different quality control method
and considered the production records in recent two years. About 10 items were selected as
target items. Such as Methocarbarmol (crude drug & tablets & injection), Penicillin G(crude drug &
Injection), Thioctic acid(crude drug & tablets) and so on. The test methods are compared with
foreign pharmacopoeia (USP, JP, EP).
After reviewing by the advisory committee consisted by experts responsible for quality control and
academic experts, we conducted validation process and developed a common assay method for
each item by evaluating the specificity, linearity, precision, accuracy (recovery) and interlaboratory reproducibility. The reproducibility of the developed method was confirmed by
marketed products. Finally, the HPLC assay(Related substance, Component Assay, Dissolution
Methods) that can be universally applicable to the APIs and FPs has been developed. In other
words, even if the product has different formulations, it means that the analytical method of
materials and products can be applied equally.
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