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Background: 3D printing is a modern technique 
which can be used in numerous fields like in the 
pharmaceutical industry. This technique enables to 
manufacture complex, personalized products on-de-
mand.
Aims: Our aim is to manufacture different drug de-
livery systems which can be used for personalized 
medication or manufacturing of orphan drugs.
Methods: For the 3D printing we use Fused Deposi-
tion Modelling (FDM) technology with PLA, PMMA 
and PET polymers. The printed samples material 
structure is characterized by SEM, FTIR, PALS and 
contact angle measurements. Biocompatibility is a 
compulsory examination through the development 
so with our colleagues we developed a long-term 
modified MTT assay which is a high efficacy screen-
ing test. For the final interpretation we also per-
formed biofilm formation with crystal violet assay to 
gain extensive information. The samples dissolution 
profile is examined with an Erweka USP type I ap-
paratus with automatic sampling system at pH=7.4 
for 24 hours.
Results: Based on the biocompatibility results we de-
termined the samples non-cytotoxic but with the re-
sults of biofilm formation we can sort out the most 
proper polymer for further examinations. The mate-
rial structure was determined and the FTIR spectra 
proves the side-chain modification of the polymers. 
The samples dissolution profile can be affected by 
the variation of the diameter and the infill percent-
age through the 3D printing technique.
Conclusion: Based on the determined data we have 
successfully printed 3D samples in runs up to 50 
units which are non-cytotoxic and has good material 
structure properties. Based on the results the appli-
cability of the different samples can be determined 
and it can give us information for the scale enlarge-
ment.
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Background: Natural nucleoside derivatives play 
pivotal role in many biological processes, while syn-
thetic nucleoside analogues are used in several areas 
of medicine, e.g. in the anticancer or antiviral chem-
otherapy [1]. Therefore, the design and synthesis of 
nucleoside analogues is an important topic of chem-
istry. Morpholinos, containing a morpholine ring in-
stead of the furanose, represent a valuable class of 
nucleoside analogues [2]. These compounds are ob-
tained by the reaction of the corresponding 2’,3’-dial-
dehyde derivative of nucleosides with ammonia or 
alkylamine (R-NH2) under reductive conditions.
Aims: We planned to synthesize new nucleoside di-
mers, consisting of a nucleoside and a morpholino, 
creating a direct linkage between the morpholine ni-
trogen and the 5’-carbon of the nucleoside, to pro-
duce so called „twin-nucleosides”.
Methods: Two types of monomeric units were pre-
pared for the synthesis of dimers. On the one hand, 
the appropriately protected nucleosides were oxi-
dized into 2’,3’-dialdehydes with NaIO4. On the oth-
er hand, 5’-deoxy-5’-aminonucleosides were synthe-
sized. The amines and aldehydes were coupled in 
various combinations in EtOH, using NaCNBH3 as 
reducing agent.
Results: Purine and pyrimidine nucleosides: uridine, 
ribothymidine, thymidine, adenosine, and inosine 
were involved into the reactions. Seven new dimers 
were obtained (including homo- and heterodimers), 
and also a trimer and a tetramer were synthesized, 
by elongation of the shorter oligomers at position 5’ 
of the morpholino unit.
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Conclusion: A new type of oligomeric nucleoside 
analogues were synthesized, creating a tight bond 
between the monomers. We are planning the synthe-
sis of further dimers using other nucleosides or other 
combinations of the monomers, incorporation of a 
twin-nucleoside into normal oligonucleotide for hy-
bridization studies, as well as the biological evalua-
tion of the obtained dimers in cytotoxicity and anti-
viral assays.
Acknowledgement: Supported by the ÚNKP-19-3 New Na-
tional Excellence Program of the Ministry for Innovation and 
Technology. The research was also supported by the EU and 
co-financed by the European Regional Development Fund un-
der the projects GINOP-2.3.2-15-2016-00008, GINOP-2.3.3- 15-
2016-00021 and GINOP-2.3.3-15-2016-00004.
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Background: Research and development are big 
challenge in the field of ocular drug delivery. Suita-
ble drug penetration is a key factor, meanwhile neg-
ative effects of reflex mechanisms and complex ana-
tomical structure limit the therapy. Besides the ther-
apeutic efficacy, the antimicrobial stability must be 
ensured during the application and storage. Novel 
preservative alternatives are required, considering 
the toxic attributes of widely applied benzalkonium-
chloride (BK). Prednisolone (PR) containing eye 
drops were developed by our research group, where 
cyclodextrin (CD) derivatives and antimicrobial bi-
opolymer were applied. The results of increased in 
vitro drug diffusion, acceptable viscosity, mucoad-
hesion and antimicrobial effectiveness test were pre-
viously published [1].
Aims: Our aim was to confirm the compliance of de-
veloped eye drop formulations by investigation on 
cytotoxicity and permeability models. By application 
of preservative biopolymer and CD additives, a bio-
compatible, non-toxic composition is created which 
can be an innovative approach in the therapy of in-
flammatory eye diseases.
Methods: In vitro permeability and toxicity were in-
vestigated on transformed human cornea epithelial 
cell line (HCE-T). The cytotoxicity was tested by im-
pedance measurement and immunohistochemistry 

methods. Ex vivo permeability was tested on porcine 
cornea model. The quantitative analysis of samples 
from permeability studies was performed by HPLC.
Results: The results of impedance measurement 
show that BK containing formulations have signifi-
cant cytotoxic effect on the HCE-T cell culture mod-
el, meanwhile in the case of antimicrobial polymer 
containing compositions have no cell damage. That 
was confirmed by the immunohistochemistry assay. 
As the in vitro permeability test on HCE-T shows, 
significantly higher permeability of PR was seen in 
the case of CD and biopolymer additives containing 
solutions in comparison with the PR suspension. In 
the case of ex vivo permeability test, no significant 
change was obtained by applying the CD, although 
slower drug release is expected from delivery sys-
tems with biopolymer.
Conclusion: Considering the results of in vitro and 
ex vivo assays, the developed ophthalmic formula-
tions could be innovative approaches, where favour-
able drug permeability and non-toxic attributes are 
expected. Taking into account the mucoadhesion and 
solution form, suitable therapeutic effect, less irrita-
tion and better patient-compliance can be achieved.
References: 1 Bíró et al., Drug Des Dev Ther 2018;12:2529–2537.
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Background: Cystic fibrosis (CF) is one of the most 
common progressive genetic life-limiting disease, in 
which the defect in cystic fibrosis transmembrane 
conductance regulator proteins (CFTR) leads to an 
imbalance ion-water equilibrium resulting in dehy-
dration of the sputum; increased concentration of 
mucus and thus increased viscosity. The high vis-
cosity mucus contributes to the low clearance of the 
surface liquid, which leads recurrent infections and 
a chronic inflammation and subsequent progressive 
lung damage.
Aims: The aim of our study was to work out an ade-
quate protocol to measure the rheological properties 
of human sputum (HS) and analyse the effect of the 
locally administrated mucolytic agents in vitro.
Methods: Rheological oscillatory tests were applied 
to investigate the mechanical properties of the hu-
man sputum samples: time sweep tests in order to 
determine a holding time before the measurement; 
and then frequency sweep tests were performed the 
present the real structure of the mucus gels.
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Results: The time sweep investigation indicated a 
structure build-up during the measurement which 
can be explained by the destruction effect of the sam-
ple insertion into the instrument and/or the thermo-
gelling of the samples at body temperature in the in-
strument. Addition of mucolytic agent before the 
measurement this structure build-up was elongated, 
or absolutely missing, but in some cases any differ-
ences could not be observed compared with the non-
treated sputum. On the basis of the average G’ value 
of the non-treated samples during the frequency 
sweep tests the human sputum samples can be cate-
gorized into 3 categories: high elastic samples; vis-
coelastic gels and viscoelastic liquids. The effect of 
the mucolytic agents (ΔG’) were calculated from the 
G’ values of the treated and the not-treated samples, 
and it was established there is no statistical differ-
ences among the additive types.
Conclusion: The constant handling of the sputum 
sample before the measurements is very important. 
The in vitro treatments indicated the liquefactions of 
the samples due to the treatment, but statistical dif-
ferences could not be stated among the different ad-
ditives, which suggest the dilution effect of the solu-
tion dominated.
The work was supported by EFOP-3.6.2-16-2017-00006 „LIVE 
LONGER – Modern orvostudományi diagnosztikus eljárások 
és terápiák fejlesztése transzlációs megközelítésben: a labo-
ratóriumtól a betegágyig”
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Background: Regions of Transylvania inhabited by 
Székely and Csángó people have been studied for 
ethnobotanical and ethnomedicinal data. Our team 
surveyed settlements in the Homorod Valley, Úz Val-
ley, and Covasna County focusing mostly on plants’ 
use in human and veterinary ethnomedicine (2007-
2019). Based on these collections, plants were listed 
and compared to data obtained from databases to 
select species for historical and medicinal study.
Aims: According to our collections, the goal was to 
sum historical and (ethno) medicinal data of four se-
lected species namely Anthyllis vulneraria L., Lathyrus 

tuberosus L., Lysimachia nummularia L., and Tanacetum 
balsamita L. in earlier Transylvanian and other Cen-
tral European herbal books.
Methods: Ethnomedicinal records of the selected 
four species were collected from works between 16-
19th century (Olosz 2002). In Transylvania, printed 
(Melius: Herbarium, 1578; Beythe: Fiveskönyv, 1595; 
Pápai Páriz: Pax corporis, 1690; Juhász: Házi különös 
orvosságok, 1761), and handwritten works (Lencsés: 
Ars medica, 1577 k./Varjas, 1943; Orvosságos könyv, 
1677; Gellen G. 1680; Gellen I. 1714) were studied for 
the historical background of Hungarian prescrip-
tions of plant origin. These records were compared 
to those of Béla Radvánszky’s collection on books 
published about old Hungarian human and veteri-
nary medicine (Hoffmann ed. 1989).
Results: Some earlier examples for the selected spe-
cies: data of A. vulneraria and wounds occur from 
1807 for kidney disorders and diabetes, and in plant 
list in Pápai’s 1690) and Benkő’s work (1770-1790). 
Lathyrus genus is described from 1471. L. nummular-
ia was mentioned as fillérfű (1824) by Béla Práter for 
sprain. T. balsamita was documented in the 17th cen-
tury (Hoffmann ed. 1989), and as lapos menta (Lexi-
con Budense 1825) and gilisztahajtó for endoparas-
tites as a tea in Székely Land.
Conclusions: Historical relationship of ethnomedi-
cine and medical science can support the interpreta-
tion of their different and similar aspects. Historical 
evaluation confirms the significant influence of official 
medicine to ethnomedicine in many centuries. Based 
on the interaction of Transylvanian (Hungarian, Ro-
manian, and Saxon) traditional elements, several ana-
logue treatments can be mentioned these days.
Acknowledgement: This work was supported by a grant from 
the OTKA (Hungarian Scientific Research Fund, K 127944).
References: 1 Olosz, K. Kriza János Néprajzi Társaság Évkönyve, 
2002;10:31-41; 2 Hoffmann, G. (ed) Medicusi és borbélyi mesterség. 
MTA, 1989.
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Background: Respiratory tract diseases (RTDs) af-
fect a large number of people worldwide. One of the 
traditional application modes of essential oils is the 
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inhalation. RTDs generally are associated with in-
fection and inflammation at the same time. Howev-
er, the anti-inflammatory effect of essential oils is 
poorly studied in vivo. Transient Receptor Potential 
Vanilloid1 (TRPV1) and Ankyrin1 (TRPA1) ion chan-
nels are expressed on the sensory neurons and epi-
thelial cells of the airways and play a role in senso-
ry-immune interactions.
Aims: Therefore, we aimed to examine the chemical 
composition and effects of thyme oil (TO) inhalation 
in the endotoxin (LPS)-induced acute airway inflam-
mation mouse model and the potential role of 
TRPA1/V1 ion channels in mediating TO effect. The 
essential oil was selected on the basis of its potent 
antibacterial activity.
Methods: The chemical composition of TO was de-
termined by GC-MS. Lung inflammation was evoked 
by the intratracheal administration of 60µL LPS (E. 
coli 083) in female TRPA1/V1+/+ (WT) and TRPA1/V1-
/- (KO) mice. TO or the control oil was inhaled 3 
times for 30 min during the 24-h period of the exper-
iments. Airway function was measured in awake, 
spontaneously breathing animals by unrestrained 
whole-body plethysmography. Lung myeloperoxi-
dase (MPO) activity was determined by spectropho-
tometry. The histopathological alterations were eval-
uated from hematoxylin-eosin stained lung sections 
by semiquantitative scoring.
Results: Thymol (46.3%) and p-cymene (22.1%) were 
the two main components of TO. TO inhalation signif-
icantly decreased airway hyperreactivity in WT, but 
aggravated it in KO mice. Histological parameters 
were not affected significantly by TO inhalation in ei-
ther WT or KO mice. LPS treatment induced a remark-
ably increased MPO activity, which was significantly 
reduced by TO inhalation in WT, but not in KO mice.
Conclusion: Therefore, thyme oil can be considered 
as a potential treatment in airway inflammation, and 
its protective effect is potentially mediated by 
TRPA1/V1 ion channels.

Stability study of nasal powder formulation 
containing nanosized lamotrigine
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Background: The nose offers a great possibility to 
avoid adverse events and increase the patient compli-
ance. Due to its advantageous properties local, sys-
temic and central nervous (CNS) system effects are 
also available. The application of innovative and effi-
cient products, that are containing nanoparticles, 
may lead to the improvement of different therapies. 

The quality insurance of the pharmaceutical prod-
ucts has received considerable attention in the past 
few years. That is why the stability of the formula-
tions has become extremely important and therefore, 
quality influencing parameters need to be kept near 
constant during the transport, storage and applica-
tion. Generally, solid dosage forms (e.g. nasal pow-
ders) have better stability than liquid formulations.
Aims: The aim of our study was to carry out the 
long-term stability study of a previously developed 
nasal powder (NP) formulation, which contained na-
nosized lamotrigine (LAM).
Methods: Stability tests were performed in Binder 
KBF 240 (Binder GmbH, Tuttlingen, Germany) 
equipment, with a constant-climate chamber. The 
long-term stability test was performed according to 
the ICH Q1A guideline, at 25 ± 2 °C with 60 ± 5% rel-
ative humidity. To justify the unchanged parame-
ters, different properties were investigated. The par-
ticle size and morphology were examined by SEM 
(Hitachi S4700, Hitachi Scientific Ltd., Tokyo, Japan). 
Structural investigations (XRPD, DSC) were also car-
ried out. The in vitro dissolution profiles were deter-
mined spectrophotometrically at 307 nm with an ATI 
UNICAM UV–VIS system. A self-developed, hori-
zontal diffusion apparatus was used for in vitro per-
meability testing.
Results: The particle size of LAM in the NP (97 ± 
60nm vs. 239 ± 116nm) formulation was near con-
stant. The results were confirmed by SEM pictures, 
which did not show particle aggregation. The struc-
tural investigations showed that the LAM remained 
partially amorphous. The in vitro dissolution rate 
was around 80% after 5 mins both at the beginning 
and at the end of the study. 
Conclusion: During the test period no considerable 
change occurred in the powder formulation, as the 
examined parameters were nearly unchanged ac-
cording to the results of the investigations. This is 
beneficial, because it means that the patients could 
receive their medication in proper quality.
References: 1 Gieszinger P et al. Drug Dev Ind Pharm, 
2018;44(10):1622-1630 
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Background: Gastroretentive drug delivery is useful 
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when the active ingredient has narrow absorption 
window or gastric targeted release is aimed. One of 
the retentive mechanisms is the floating by low den-
sity. If the density is below 1g/cm3, the formulation 
floats on the gastric-fluid, and avoids the elimination 
from the stomach.
Aims: We aimed to develop a verapamil containing 
drug delivery system based on its high-porosity and 
low-density by foam formation after melting the 
components [1].
Methods: We used the following materials for our 
work: PEG 4000, stearic acid and verapamil for for-
mulation. We prepared different compositions by 
continuous production and determined the basic pa-
rameters such as weight and density. We made mi-
cro-CT images to get information about the pore size 
and distribution. We also tested the in vitro drug re-
lease in 1.2 pH buffer and texture changes during 
dissolution. Finally, we made animal experiments to 
prove the modified release and gastro-retention of 
the formulation.
Results: We reached less, than 0.9g/cm3 density in 
all of the formulations. The micro-CT images showed 
homogeneous distribution of the cavities in the ma-
trix and closed cell structure. The pore size was be-
tween 200 and 300µm. The prepared foams had hard 
structure even at body temperature that was meas-
ured by texture analyzer. The dissolution studies 
showed prolonged drug release up to 10 hours, 
when 80% of the API was dissolved. At the end of 
the dissolution test the water uptake reached 75% of 
the total mass and the weight of the formulation de-
creased to 25% of the initial mass. Following the pro-
cess, we detected dry, hard core until 5 hours of dis-
solution. After that, we aimed to prove the gastro re-
tention ability of formulations in rats, so we created 
small samples with 30% BaSO4 as a contrast material. 
The sample stayed in the rat stomach for 2 hours un-
til the total erosion, that was measured by texture 
analyzer also.
Conclusion: In summary, we prepared and charac-
terized a solid and low-density drug delivery system 
with zero floating lag-time. The prepared samples 
showed prolonged verapamil release and hard struc-
ture with the ability to remain in the stomach for 
several hours.
References: 1 Vasvári et al. AAPS PharmSciTech, 2019;20:7
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Background: The Transient Receptor Potential ion 
channels, such as Vanilloid 1 and Ankyrin repeat 
domain 1 (TRPV1/A1) are expressed in nociceptive 
primary sensory neurons. These channels are 
widely studied, but there are some missing infor-
mation about their modulation. Noxious heat, cap-
saicin (CAPS), resiniferatoxin (RTX), fatty acid me-
tabolites activates TRPV1. TRPA1 can be activated 
by noxious cold, mechanical stimuli and formal-
dehyde. Lipid rafts are specific membrane do-
mains, which are rich in cholesterol, sphingomye-
lin and gangliosides, and create functional com-
plexes with TRP channels. Sphingomyelinase 
(SMase) is an enzyme, which hydrolyzes the mem-
brane sphingomyelin content, while myriocin 
(Myr) an enzyme inhibitor, which blocks the de 
novo sphingolipid synthesis. Our group previous-
ly described, that the treatment with SMase or 
Myr inhibits the function of TRP receptors in vitro 
[1-2].
Aims: We examined the potential antinociceptive ef-
fect of SMase and Myr in different in vivo mouse 
models, and also tested some in vitro properties.
Methods: Capsaicin-evoked acute nocifensive 
(“eye-wiping”) test, formaldehyde-evoked hyper-
algesia, and RTX induced thermal allodynia and 
mechanical hyperalgesia model were performed to 
investigate the effect of SMase and Myr. The in vit-
ro properties were tested by fluorescent spectros-
copy.
Results: Both SMase and Myr decreased the CAPS-
evoked “eye-wiping” movements, and Myr has a 
prolonged effect in this model. SMase largely re-
duced the formaldehyde-caused nociceptive behav-
ior in the second phase, while Myr did not have any 
effect. In the RTX-model both compounds reduced 
the thermal allodynia, and SMase had significant ef-
fect also in the mechanical hyperalgesia. In the fluo-
rescent spectroscopy SMase did not modify the La-
udran spectras.
Conclusion: On the basis of our results, we assume 
that the hydrophobic interactions between the TRP 
channels and lipid rafts might be a promising drug 
target in the future.
Support: National Brain Research Program 20017-1.2.1-NKP-
2017-00002, GINOP-2.3.2-15-2016-00050, GINOP-2.3.2- 15-2016-
00048 and EFOP-3.6.2-16-2017-00008, Gedeon Richter’s Talentum 
Foundation, János Bolyai Fellowship the ÚNKP-18-4 New Na-
tional Excellence Program of the Ministry of Human Capacities.
References: 1 Szőke É. et al., Eur J Pharmac., 2010;628(1-3):67-74; 2 
Sághy É. et al., Pharmacol Res., 2015;100:101-116.
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Implementation of digital pharmaceutical 
technology in the practical education of graduate 

pharmaceutical students at Semmelweis University

Jakab, G., Antal, I ,
Department of Pharmaceutics, Semmelweis University, Budapest

Background: The essential characteristics of a phar-
macy student among others is the openness and cu-
riosity towards digital technology. In the age of in-
formation, when breakthrough technologies and ap-
proaches turn up within a few years, the education 
system and universities have a great responsibility 
in this respect. The lecturers at the cathedra face day 
by day a noble challenge: somehow they have to pre-
pare students not just for the questions of “today” 
but also for the answers of “tomorrow”. 3D printing 
is gaining more and more attention and have a great 
potential in the future of pharmaceutics. Deploying 
the benefits of this technology (e.g. flexible, patient-
based medication) in a community/hospital pharma-
cy, could help to satisfy the diversified demands of 
patients through the added-value of pharmacists.
Aims: The aim of the study was to check the knowl-
edge of 4th year pharmacy students at Semmelweis 
University about digital technology and 3D printing 
and to introduce them the theoretical and practical 
fundaments of 3D printing. The investigation of atti-
tude, opinion and knowledge before and after the 
135 min long practice was also put into the focus.
Methods: The theoretical knowledge and attitude of 
students regarding 3D printing were screened with a 
questionnaire on voluntary basis. The questionnaire 
involved 8 questions (single or multiple choice) and 
had to fill before and after practice. The information 
was collected anonymously, online via a QR code or 
paper-based. The designing, slicing and printing steps 
were demonstrated by an FDM printer. Conventional, 
round, polylactic acid-based tablets were printed.
Results: Willingness on filling out the questionnaire 
was 96.8%. Approx. 60% of participants had no expe-
rience with 3D printing and 25% of students estimat-
ed moderately useful to learn about 3D printing. Af-
ter the practice 96% regarded it as very worthy. 
More than 50% believed that the formulation of pa-
tient based medicines at a hospital pharmacy is feasi-
ble within 5 years. One of three students considered 
the completion of GMP requirements as a great chal-
lenge.
Conclusion: The 4th year pharmacy students at 
Semmelweis University were satisfied with the im-
plemented practice and judged it as useful. The mys-
terious nature of this technique has been dissolved 
and they see a great potential in 3D printing but 
some limiting barriers were also revealed.

Polymeric micelles as promising tools to substitute 
surfactants in the dissolution of poorly water 

soluble drug

Katona, G., Ambrus, R., Pallagi, E., 
Csóka, I ., Szabó-Révész, P.

Institute of Pharmaceutical Technology and Regulatory Affairs, 
University of Szeged, Szeged

Background: In the recent years the application of 
surfactants to increase the wetting properties and 
therefore to overcome the hurdles of drug dissolu-
tion and absorption in oral drug delivery is decreas-
ing because of their disadvantageous properties. So-
luplus® (BASF GmbH, Germany) a novel solubilizing 
amphiphilic graft co-polymer, offers the possibility 
of a good solubility enhancement in combination 
with a fast dissolution through polymer micelle 
forming. Melt technology is an appropriate green 
technology, to produce solid dispersions involving 
these surfactants in an inert carrier or matrix in the 
solid state.
Aims: Our aim was to develop a solid drug delivery 
system (DDS) using melt technology to design such 
carrier systems which are based on crystalline eutec-
tic and additives with various solubility enhancing 
agents.
Methods: In the present work two solubilizers (Cre-
mophor® RH 40 and Soluplus®) were tested for its ca-
pability to improve drug dissolution. As model drug 
the lipophilic, poorly water solu-ble megestrol ace-
tate (MEGA) was chosen. The basis of the carrier 
were two sucrose alcohols, xylitol (XYL) and manni-
tol (MAN), which form eutectic mixture in certain 
ratio with PEG 6000. The solubilizers were dispersed 
with the MEGA in the eutectic carrier by fusion 
meth-od. The phase diagram of eutectic composi-
tions of the carrier was determined using DSC. In 
vitro dissolution studies were carried out on gastric 
pH to investigate the release kinetic of the composi-
tions with different solubilizers in comparison with 
pure MEGA containing carrier.
Results: DSC measurements showed that the XYL 
and the MAN formed eutectic mixture with each 
other, as a result the melting process could be car-
ried out on decreased temperature [1]. The dissolu-
tion studies of the developed formulations showed 
increased dissolution rate in case of solubilizing 
agent containing products, even after tenfold scale 
up process.
Conclusion: We developed a carrier from XYL-MAN 
eutectic and PEG 6000 ternary system. It was found 
that the Soluplus® had a high solubilization capacity, 
thanks to form polymeric micelles, which encapsu-
lates partly the MEGA during dissolution. Increas-
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ing quantity of graft copolymer resulted in higher 
amount of dissolved drug, therefore it is suitable to 
have DDS with controlled drug release. We can con-
clude an innovative “value added” solid formula of 
MEGA, which can be suggested for the patient for ex 
tempore sus-pension preparation before administra-
tion.
Acknowledgement: This work was supported by the National 
Research, Development and Innovation Office, Hungary (GI-
NOP-2.3.2-15-2016-00060).
References: 1 Katona G, Sipos P, Frohberg P, Ulrich J, Szabó-Révész 
P, Jójárt-Laczkovich O. J Therm Anal Cal 2016;123(3):2549-2559.
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formulated with different excipients
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Background: The hydrophilic polymer-based elec-
trospun fibrous orally dissolving webs are promising 
candidates for rapid drug release, which is due to the 
high surface area to volume ratio of the fibers and the 
active ingredient can be incorporated in the polymer 
matrix in amorphous state. However, the enhanced 
molecular mobility of these materials is responsible 
for their physical and/or chemical instability.
Aims: The aim of the project was to prepare 
poly(vinyl alcohol)-based, metoclopramide hydro-
chloride-loaded electrospun nanofibers using either 
polysorbate 80 (PS80) or hydroxypropyl-β-cyclo
dextrin (HP-β-CD) and tracked how the excipient in-
fluences the fiber formation process, the mechanical 
properties, macro- and microstructures of the elec-
trospun samples and the drug release from the na-
nofibers.
Methods: The electrospun samples were subjected to 
several imaging techniques: Scanning Electron Mi-
croscopy (SEM), Atomic Force Microscopy (AFM), 
and complex physicochemical characterization (with 
Positron Annihilation Lifetime Spectroscopy (PALS), 
X-ray Diffractometry (XRD) and solid-state Nuclear 
Magnetic Resonance (NMR) spectroscopy) the fi-
brous delivery systems was carried out which were 
enabled the better understanding the supramolecu-
lar interactions of multicomponent systems.
Results: SEM verified that clearly fibrous structures 
were obtained, without any beads and film-like are-
as. The mechano-manipulation of AFM revealed that 

the usage of PS80 led to about two times stiffer, less 
plastic fibers than the addition of HP-β-CD. The 
cross-polarization build-up curves of 1H-13C NMR 
spectroscopy verified that CD is an inner plasticizer, 
while PS80 acts as an outer plasticizer and can mi-
grate in the polymer matrix, which is due to its “liq-
uid-like” behavior. PALS measurements also showed 
the enhanced mobility of the PS80 containing formu-
lation and the molecular packing enhancer proper-
ties of the HP-β-CD. XRD method suggested that as 
a result of the fiber formation process the active 
pharmaceutical ingredient incorporated into the fib-
ers in a purely amorphous state, but the ssNMR 
pointed out that usage of the examined additives en-
abled the development of a molecularly dispersed 
system of different homogeneities.
Conclusion: In case of both formulations clearly fi-
brous structure and molecularly dispersed system 
were formed. It was also showed that PS80 and HP-
β-CD render distinct mechanical properties of the 
fibers, as PS80 advances elastic behaviour and HP-β-
CD promotes plastic features.

Determination of enantiomeric purity of 
esomeprazole by capillary electrophoresis

Kelemen H., Hancu G.,  
Székely-Szentmiklósi B., Papp LA.

George Emil Palade University of Medicine, Pharmacy, Science 
and Technology of Targu Mures, Department of Pharmacuetical 

Technology and Cosmetology, Târgu Mureș

Background: Esomeprazole, as a proton pump in-
hibitor, is one of the most effective agents used in 
gastric hiperacidity-related disorders. It is a pyridi-
nyl-methyl-sulfnyl-benzimidazole derivative with 
an asymmetric sulfoxide group in its structure. It 
was the first proton pump inhibitor introduced as 
enantiomerically pure compound in the therapy.
Aims: The aim of this study was to develop and vali-
date a suitable separation method for the determina-
tion of the enantiomeric purity of the compound of 
interest using cyclodextrin-mediated capillary zone 
electrophoresis.
Methods: Different native and derivatized cyclo-
dexrins were screened as chiral additives, using 
phosphate buffer at pH 2.5 as background electro-
lyte, in order to find the most suitable chiral selector 
for the separation of omeprazole enantiomers. Ap-
parent complexation constants of the enantiomer-cy-
clodextrin complexes were determined in order to 
investigate the possible mechanism of enantiomeric 
separation. The effect of analytical conditions as tem-
perature, applied voltage and buffer concentration 
was also evaluated in order to find optimal separa-
tion conditions.
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Results: Baseline chiral separation of the two enanti-
omers with favorable migration order (R-omepra-
zole migrates first) was achieved in less than ten 
minutes using the following conditions: a 50mM 
phosphate buffer at pH 2.5 as background electro-
lyte, 20mM randomly methylated β-CD as chiral se-
lector, +20kV applied voltage and 20°C system tem-
perature, and UV detection at 210nm. The method 
was validated according to current guidelines and 
proved to be reliable, linear, precise, and accurate for 
the determination of 0.2% distomer as chiral impuri-
ty in esomeprazole samples.
Conclusion: A rapid and cost-effective capillary 
electrophoresis method was developed for the sepa-
ration of omeprazole enantiomers. The optimized 
and validated method proved to be suitable for the 
determination of enantiomeric purity of esomepra-
zole from pharmaceutical preparations and could 
represent an alternative for the available compendial 
methods.
This work was supported by a project between Transylvanian 
Museum Society and Faculty of Pharmacy of Semmelweis 
University (grant contract no. 20.2/2018/P.2/EMEOGYSZ)
References: 1 El-Kommos ME. et al. J Liq Chromatogr Relat Technol, 
2015;38:1639-1659; 2 Scriba GKE. et al. In: Scriba GKE (eds) Chi-
ral Separations. Methods in Molecular Biology, 2019;1985:339-356. 
Humana, New York.
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(E)-2- (4-methoxybenzylidene)-1-benzosuberone in 

human lung adenocarcinoma
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Background: Lung cancer is the main cause of can-
cer-related mortality in Hungary. Most of the pa-
tients are diagnosed at an advanced stage and re-
ferred for chemotherapy. The platinum-based drug, 
cisplatin still gives the backbone of therapy but in 
combination with other drugs. Clinical application 
of targeted therapy e.g. tyrosine kinase inhibitors af-
fecting epidermal growth factor dependent signal-
ling offers better tumour control in the presence of 
mutation. Chalcones intermediary precursors of fla-
vonoid biosynthesis are also effective against human 
malignant cells, therefore chalcone analogues could 
be promising for drug development.
Aims: Our primary aim was to investigate cytotoxity 
as well as metastasis associated cytokine expression 
and cellular invasion during mono- and combined 
administration of cisplatin and erlotinib in human 
lung adenocarcinomas with known mutations. It 

was also the aim to study the cytotoxic effect of (E)-
2-(4-methoxybenzylidene)-1-benzosuberone in lung 
adenocarcinoma cell lines.
Methods: Cytotoxic effect of the compounds were 
tested in primary lung adenocarcinoma derived cell 
cultures, in 2D monolayer and 3D in vitro cultures 
using luminescent cell viability assay. Drug-induced 
changes in mRNA and protein levels were measured 
by quantitative real-time PCR and cytometric bead 
array-based assays. For cellular invasions, scratch as-
says were performed. Cell survival after chalcone 
treatment was analysed by flow cytometry using 
7-AAD staining.
Results: Primary NSCLC derived cell cultures re-
spond to therapeutic drugs similarly in 3D in vitro 
cultures as detected in clinical therapy. Cisplatin in-
duced an increase in IL-6 and IL-8 cytokine mRNA 
levels in all patient samples, while erlotinib only in-
creased IL-6 expression in the presence of EGFR mu-
tation. Both cytokine production was increased at 
mRNA and protein level in EGFR mutant cells in 3D 
cultures exposed to mono- or combination treatment 
but erlotinib could reduce cisplatin induced IL-6 
protein expression. Cellular migration and prolifera-
tion were increased in the presence of IL-6. Cytotoxic 
effect of the cyclic chalcone analogue and a marked 
decrease of cyclin D1 proliferation marker expres-
sion was detected in a dose-dependent manner.
Conclusion: As the firstly applied drug can deter-
mine the clinical response to the second drug, the se-
quence of drug administration can have a great im-
pact on therapeutic success.
This study was supported by the European Union, co-fi-
nanced by the European Social Fund (EFOP-3.6.1.-16-2016-
00004).

The investigation of the in vitro penetration of 
3 types of model API using modified horizontal 

diffusion cells

Kiss, T., Gieszinger, P., Szabó-Révész, P., 
Ambrus, R.

Institute of Pharmaceutical Technology and Regulatory Affairs, 
University of Szeged, Szeged

Background: The nasal administration can be an al-
ternative choice of intravenous intake thanks to the 
rapid absorption. The residence time and the admin-
istered nasal powder dose can be higher than in the 
liquid formulations. The development of in vitro 
models can accelerate pharmaceutical development 
by reducing the resources of the studies. There are 
numerous diffusion models but they are less suitable 
for investigating nasal powders [1].
Aims: Our goal was to investigate the in vitro diffu-
sion of different APIs using modified horizontal dif-
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fusion cells. 3 types of model APIs were used for this 
purpose with different hydrophobicity: the hydro-
phobic meloxicam (MEL, logP = 3.43), the moderate-
ly hydrophobic lamotrigine (LAM, logP = 2.50) and 
the hydrophilic levodopa (LEV, logP = -2.39). The in-
line results were compared to the offline ones.
Methods: Our setup can be divided into a donor and 
an acceptor chamber. The offline measurements 
were performed spectrophotometrically, the inline 
ones with UV-Vis immersion probe. 3 different 
membranes and 2 impregnation liquid (isopropil-
myristate – IPM and pH=7.4 phosphate buffer) were 
used (Isopore, Metricel, Whatman). The results of 
the diffusion studies were analyzed according to the 
dissolution rate and the arimethric mean of the rela-
tive standard deviations (SDmean).
Results: MEL diffusion studies: the inline measure-
ments were more precise than the offline ones. The 
IPM-impregnated Metricel membrane was the most 
effective membrane in inline measurements because 
of the high extent of diffusion and the low SDmean 
among all setups. LAM diffusion studies: the results 
of the IPM-impregnated membranes were better-re-
producible (low SDmean) in inline measurements. 
Whatman is suggested based on its high diffusion 
and high precision. LEV diffusion studies: IPM-
soaked Whatman behaved comparable to Metricel 
but the SDmean in case of Metricel was higher, 
therefore it is suggested in inline measurements.
Conclusion: Precise inline horizontal setups were 
constructed to model the in vitro diffusion of model 
APIs. The hydrophobicity of the API was propor-
tional to the efficient penetration through the IPM-
impregnated membrane.
The research was sponsored by the ÚNKP-19-3 New National 
Excellence Program of the Ministry for Innovation and Tech-
nology and by GINOP 2.3.2_15_2016_00060. Ministry of Hu-
man Capacities, Hungary grant 20391-3/2018/FEKUSTRAT is 
also acknowledged.
References: 1 Horváth et al. Acta Pharm Hung, 2015;85:19-28.
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Background: (S)-ketamine is an N-methyl-d-aspar-
tate (NMDA) receptor antagonist with a rapid and 
long-lasting antidepressant activity. Recently, the 
U.S. Food and Drug Administration and the Europe-
an Medicines Agency have approved (S)-ketamine 

as adjunctive therapy for treatment-resistant depres-
sion.
Aims: Most studies have examined the effects of (S)-
ketamine on the electroencephalogram (EEG) in an-
esthetic doses or in a short-term (≤1 h) time scale. 
Therefore, the aim of our study was to investigate 
the acute and long-term (≤30 h) effects of the rapid-
acting antidepressant (S)-ketamine on EEG spectra.
Methods: Male Wistar rats were equipped with EEG 
and electromyography (EMG) electrodes. On the day 
of the experiment, 10 or 30mg/kg (S)-ketamine or 
1ml/kg physiological saline was administered intra-
peritoneally at the beginning of passive phase (at 
light onset), and EEG, EMG and motor activity were 
recorded for 30h.
Results: Quantitative EEG (qEEG) analysis revealed 
that the acutely administered 30mg/kg (S)-ketamine 
enhanced gamma (30-60Hz) power in the first 3h, 
and decreased delta (1-4Hz) power in the 2nd h, that 
was followed by a rebound during passive phase. 
Both doses reduced alpha (10-13Hz) and theta (5-
9Hz) power in the 1st h. In contrast, tendencies to in-
crease alpha and theta frequency band power were 
observed during active phase, 12-24h post adminis-
tration.
Conclusion: These findings suggest that (S)-keta-
mine has a robust effect on gamma activity in the 
passive phase, and also raise the possibility that sub-
anesthetic doses may have phase-dependent long-
term qEEG effects. Future work could involve inves-
tigating sleep-wake stage-dependent qEEG effects of 
(S)-ketamine.

Analytical investigation of organic solvent-free 
co-grinding technique in terbinafine hydrochloride 

cyclodextrin complexation

Kondoros, B.1, Laczkovich, O.1, 
Berkesi, O.2, Aigner Z.1

1Institute of Pharmaceutical Technology and Regulatory Affairs; 
2Department of Physical Chemistry and Materials Science, 

University os Szeged, Szeged

Background: Recent scientific publications have al-
ready demonstrated that co-grinding appears as an 
efficient, solvent-free technique for preparing cyclo-
dextrin complexes and improving physicochemical 
properties of active ingredients. Terbinafine hydro-
chloride (TER), an antifungal BCS II drug was chosen 
as a model drug, which has poor water-solubility.
Aims: The aim of this study was the analytical char-
acterization of cyclodextrin-TER inclusion complex-
es prepared by co-grinding used different grinding 
time (thermoanalytical behaviour, detection of oc-
cured changes in crystalline properties, molecular 
relationships between the components).
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Methods: Prospects of preparation and characteriza-
tion of co-grinded cyclodextrin complexes were 
studied. TER and amorphous cyclodextrin deriva-
tives (hydroxypropyl-β-cyclodextrin (HPBCD), 
heptakis(2,6-di-O-methyl)-β-cyclodextrin (DIMEB)) 
were used for the preparation of products, which 
were analysed by differential scanning calorimetry 
(DSC), X-ray powder diffractometry (XRPD), hot-hu-
midity stage X-ray powder diffractometry (HOT-XR-
PD), Raman spectroscopy, Fourier transform infra-
red spectroscopy (FT-IR) and dissolution studies.
Results: Cyclodextrin-TER complexes in the 1:1 molar 
ratio were prepared. DSC and XRPD studies suggest-
ed that crystallinity of products gradually decreased 
by the increasing grinding time, and after 75 minutes 
of co-grinding the products were completely amor-
phous. HOT-XRPD studies revealed that product con-
taining HPBCD remained amorphous with the in-
creasing temperature, while in the case of DIMEB 
complex recrystallized in a different crystalline phase. 
Raman and FT-IR spectroscopy were used to confirm 
the molecular interactions between the components. 
Dissolution studies showed that dissolution rate of 
complexes improved, and the solubility of TER in-
creased both in simulated gastric and intestinal fluid, 
depending on the pH of dissolution medium.
Conclusion: The improvement of solubility and dis-
solution ratio could enhance the biopharmaceutical 
properties of the active ingredients in solid pharma-
ceutical products. Furthermore, stable, amorphous 
cyclodextrin-containing, organic solvent-free prod-
ucts could be formed efficiently in industrial envi-
ronment. 

High-dose of salicylic acid treatment increases the 
activity of MMP-2 and 9 in the gastrointestinal and 

cervical smooth muscle in rats
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Akhiani, O.2, Gáspár, R.1
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Background: Salicylic acid (SA) is a well-known cy-
clooxygenase enzyme (COX) inhibitor can cause gas-
tric damage and intestinal ulceration already in ther-
apeutic dosage. In our preliminary study, we found 
that the high-dose of SA induced gastric diverticu-
lum and block of GI passage. Beyond cyclooxyge-
nase enzymes, salicylates may influence the action 
of other target proteins such as TNFα, NF-κB, 
PPARγ. The gelatinases like MMP-2 and 9 are ex-
pressed in gastrointestinal tract and have an impor-
tant function in cervical ripening.

Aims: We hypothesized that the GI passage block 
might be associated with the alteration of activities 
of MMP-2 and 9. Therefore, the aim of our study was 
to investigate the effect of high-dose salicylic acid 
oral treatment on GI smooth muscles motility in vit-
ro and in vivo, and to determine the changing of cer-
vical resistance in rats.
Methods: Non-pregnant female Sprague-Dawley 
rats were treated to 3 days with high-dose 400 mg/
day salicylic acid suspension by oral gavage. The al-
terations of smooth muscle contractions were deter-
mined in GI (intestine, stomach, coecum) and cervi-
cal tissues with in vitro isolated organ bath and in 
vivo electromyography. The activity of MMP-2 and 
9 were measured with gelatin zymography and IVIS 
Lumina imaging system.
Results: After SA treatment, the spontaneous con-
tractions of stomach, ileum and coecum were signifi-
cantly reduced, furthermore the cervical resistance 
was also decreased. The intensity of GI electromyo-
graphic signal was increased on each day of treat-
ment, the highest values were reached on 2nd day in 
all samples. Both gelatin zymography and IVIS Lu-
mina imaging system demonstrated that the activity 
of MMP-2 and 9 were increased by high-dose SA ad-
ministration.
Conclusion: Our results suggest that the high-dose 
SA can provoke gastric hypermotility at the start of 
the treatment while at the end of that, the motility is 
reduced, and the GI passage is blocked. Further-
more, it can decrease the cervical resistance. It seems 
that both in GI and cervical tissues the high-dose SA 
treatment can increase the MMP-2 and 9 activities 
which may lead to the gastrointestinal and cervical 
tissues transformation and impaired smooth muscle 
function.
This work was supported by the Ministry of Human Capaci-
ties. [Hungary grant 20391-3/2018/FEKUSTRAT]
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Background: Electrospinning technique enables the 
formulation of novel fibrous drug delivery systems 
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of improved bioavailability. The selection of proper 
excipients is the prerequisite of the required func-
tionality-related characteristics of the fibrous sys-
tem. For this purpose, it is essential to better under-
stand their influence on the fiber formation and 
functional characteristics of the formulated fibers, 
including the stability of the drug-loaded electro-
spun product. Thus an in-depth physical-chemical 
and morphological study is necessary to define the 
final composition.
Aims: The present study is focusing on the compari-
son of solubilizer (triethanolamine) or pH modifier 
(sodium hydroxide)-containing furosemide-loaded 
electrospun nanofibers from the point of their micro-
and macrostructural properties.
Methods: Two hydroxypropyl cellulose and 
poly(vinylpyrrolidone)-based formulations were 
prepared with the addition of triethanolamine or so-
dium hydroxide to improve the solubility of the 
furosemide. For the morphological characterisation 
scanning electron microscopic (SEM) images were 
performed, and statistical analysis was carried out 
for the comparison of the distribution of fiber diame-
ters. X-ray diffraction (XRD) spectroscopy and Fouri-
er-transform infrared spectroscopy (FTIR) were ap-
plied to investigate the amorphous or crystalline na-
ture of furosemide in the fibrous samples. For fur-
ther microstructural characterisation positron anni-
hilation lifetime spectroscopy (PALS) was carried 
out.
Results: The solid-state characterization measure-
ments revealed similar morphology with similar fib-
er diameter distribution. XRD and FTIR measure-
ments confirmed that the examined formulations 
contained the furosemide in amorphous salt form, 
but the PALS measurements indicated different mi-
crostructure of the two formulations.
Conclusion: The results may predict different long-
term stability features.

Proteomic analysis of human blood derived 
osteoclast cells
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Background: Osteoclasts have essential role in cer-
tain rheumatological inflammatory disorders, how-
ever the detailed pathomechaism of these diseases is 
not yet fully understoodWe have lack of data about 
the molecular changes during osteoclast differentia-

tion, and the proteome of human blood derived oste-
oclasts is still unknown.
Aims: Our aims were to optimize a sample prepara-
tion and analytical method using nanoHPLC-MS/MS 
for the proteomic analysis of osteoclasts and their 
differentiation. After optimizing the methods using 
healthy samples, we planned to identify and com-
pare the expressed proteins of monocytes, preoste-
clasts and osteoclasts; and to determine the differ-
ences in osteoclasts proteome of healty population 
and diseased individuals.
Methods: First, we collect blood samples from 
healthy donors and isolate monocytes by positive 
magnetic separation. After this, preosteoclasts and 
osteoclasts are differentiated from monocytes in vit-
ro using M-CSF and RANK-L growth factors. Next, 
monocytes, preosteoclast and osteoclast samples are 
lysed, proteins are reduced, alkylated and digested 
with trypsin. After C18 clean-up, peptides are sepa-
rated with nanoHPLC and analyzed with tandem 
mass spectrometry. The evaulation of raw data is 
performed using different proteomic databases and 
softwares.
Results: We have successfully optimized the prot-
eomic sample preparation and analysis on healthy 
osteoclast samples for maximizing the number of 
identified proteins and minimizing false positive re-
sults. We have determined the proteome of healthy 
donors’ monocytes, preosteoclast, as well as osteo-
clast samples. Based on our preliminary results there 
are significant differences among the expressed pro-
teins during osteoclast differentiation.
Conclusion: The developed sample preparation pro-
tocol, the applied chromatographic and mass spec-
trometric conditions, and the properly adjusted eval-
uation methods are fully appropriate for the analysis 
of proteomic dynamic changes during osteoclast dif-
ferentiation. Results obtained with these set methods 
may promote the better understanding of the molec-
ular pathomechanism of rheumatological diseases.

Antiproliferative and antimetastatic properties of a 
17-exo-heterocyclic derivative of androstadiene in 

vitro
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Krupitza, G.4, Szebeni, G.5, Zupkó, I .1

1Department of Pharmacodynamics and Biopharmacy; 
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Biochemistry, University of Szeged, Szeged; 4Department of 
Pathology, Medical University of Vienna, Bécs; 5Avidin Ltd., 

Szeged

Background: Cancer is one of the leading causes of 
death wordwide. Therefore, one of the main goals of 



96 	 APH – Congressus Pharmaceuticus Hungaricus XVI.	 September 10-12. 2020.

drug research is to find new and effective antitumor 
molecules. Nowadays, D-ring modified, exo-hetero-
cyclic androstadien analogs are used in cancer ther-
apy (abiraterone). Accordingly, further modifications 
of this steroid skeleton may result additional effec-
tive compounds.
Aims: Our aim was to characterize the anticancer and 
antimetastatic properties and mechanism of action of 
3β-hydroxy-17-[1’-(4’’-cyanophenyl)-4’-hydroxy
methyl-1’H-pyrazol-3’-yl]androsta-5,16-diene. Anti-
proliferative effects of this modified androstadiene 
derivative have proven in a previous study on hu-
man breast cancer cells [1.].
Methods: Antiproliferative effects and tumour selec-
tivity of our test compound were determined by 
standard MTT-assay on a panel of human gyneco-
logical cancer cell lines. Cell cycle disturbances were 
recorded by flow cytometry after 24h and 48h incu-
bation on SiHa, C33a and MDA-MB-231 cells. 
Changes in activity of caspase 3 enzyme were detect-
ed by a colorimetric assay on SiHa cell line after 24, 
48 and 72h treatment. Furthermore, mitochonrial 
membrane potency of treated and untreated cells 
were recorded by JC-1 staining. Finally, inhibitory 
effect of the compound on the early stage of metasta-
sis was investigated by 3D co-culture Circular Chem-
orepellent Induced Deffects (CCIDs) assay.
Results: Our test compound shows lower IC50 val-
ues than 3µM and moderate tumour selectivity com-
pared to cisplatin. Significant changes in the hypo-
diploid subG1, G1 and S phases and caspase 3 activ-
ity were recorded at 2µM and higher concentrations. 
Therefore, JC-1 staining improved the mitochondrial 
origin of induced apoptosis. Size of cell –free areas 
induced by treated tumor spheroids decreased by 
30% at 8µM in CCIDs assay.
Conclusion: This study provides experimental evi-
dence that 3β-hydroxy-17-[1’-(4’’-cyanophenyl)-4’-
hydroxymethyl-1’H-pyrazol-3’-yl]androsta-5,16-di-
ene has potent antitumor and antimetastatic proper-
ties. This compound can be regarded as promising 
structure in design of new anticancer agents.
Financial supports from GINOP-2.3.2-15-2016-00012 and UN-
KP-19-3-SZTE-169 are highly appreciated.
References: 1 Kovács D et al. Eur J Med Chem 2016;120:284-295

The effect of L-theanine on the D-serine uptake of 
SH-SY5Y neuroblastoma cells

Lakatos, P.1, Vincze, I .1, Nyariki, N.1, 
Bagaméry, F.1, Tábi, T.1, Szökő, É.1

1Department of Pharmacodynamics, Semmelweis University, 
Budapest

Background: D-serine (D-Ser) is a co-agonist of the 

N-methyl-D-aspartate receptors (NMDAr). Decrease 
in its extracellular concentration in the brain has 
been connected to NMDAr hypofunction and the 
deficit of cognitive functions. Extracellular D-Ser 
levels in the central nervous system are modulated 
by neutral amino acid transporters, ASCT1 and 
ASCT2. L-theanine (L-The), a neutral amino acid and 
a major component of green tea leaves has been 
found to improve memory and cognitive functions.
Aims: Our aim was to examine the possible inhibito-
ry effect of L-The on the D-Ser uptake of SH-SY5Y 
neuroblastoma cells. The cell line has been previous-
ly found in our laboratory as a good model of D-Ser 
uptake into cortical astrocytes.
Methods: Cells were incubated with 25µM of D-Ser 
and various concentrations of L-The or S-ketamine 
(S-Ket) for 15min. The intracellular D-Ser concentra-
tion was then determined by a capillary electropho-
resis laser induced fluorescence detection method. 
Presence of ASCT1 and ASCT2 in SH-SY5Y cells was 
confirmed by Western blot.
Results: Although ASCT2 reportedly contributes to 
a minimal L-The transport, in our experiments L-The 
significantly inhibited D-Ser uptake into SH-SY5Y 
cells suspended in Hank’s solution. Sixty % inhibi-
tion was observed albeit only when high concentra-
tion of L-The was used. The experiments were then 
repeated in cell culture medium abundant in neutral 
amino acids that are known ligands of the ASC-type 
transporters. Under this condition a reduced D-Ser 
uptake was measured possibly due to the competi-
tive effect of these amino acids. L-The was able to 
significantly inhibit D-Ser uptake even in the medi-
um though only a 22% inhibition was achieved. Hav-
ing previously described as an inhibitor of ASCT2 
we used S-Ket as a positive control. Surprisingly, no 
inhibition was observed even at several times higher 
concentrations compared to the previous publica-
tion. Its possible long-term regulatory effect on D-
Ser uptake was also examined by 72h culturing cells 
with 25 or 50µM S-Ket. Since no significant change 
was observed between D-Ser uptake of control and 
S-Ket-treated cells we concluded that S-Ket does not 
affect the activity of ASCT1 and ASCT2.
Conclusion: Though reported as an inhibitor, S-Ket 
failed to inhibit D-Ser uptake or modify the uptake 
kinetics after a long-term incubation period. L-The, 
however, was found to be a competitive inhibitor of 
the ASC-type transporters and it is taken up consid-
erably by SH-SY5Y cells.

Biocompatibility and antimicrobial studies of food 
and pharmaceutical preservatives

Nemes, D.1, Kovács, R.2, Nagy, F.2,  
Tóth, Z.2, Pfliegler, V.3, Kelemen, V.4, 
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Background: Preservatives are not highlighted by 
current scientific research, yet, they are present in 
everyday life, as their role in the antimicrobial pro-
tection of food, drugs and cosmetics is unquestiona-
ble. Cheap to use compounds, with a wide range of 
antimicrobial effect, these chemicals did not change 
during the last decades, for new molecules applied 
by industry are few. Publications revealed several 
limitations in case of preservatives, such as their cy-
totoxicity, pH dependent inhibitory effect or interac-
tion with other excipients or APIs.
Aims: Our research group is focused on the biocom-
patibility and antimicrobial investigation of preserv-
atives. Four individual experiments presented at the 
conference include the structure-activity study of ten 
p-hydroxybenzoic acid esters; the study of parabens 
in different complex co-solvent systems; the compar-
ison of sorbates and sorbate esters and formulation 
of essential oil emulsions as preservatives.
Methods: Our primary technique for assessing cyto-
toxicity are MTT and NR assays, carried out on Caco-2 
human colon adenocarcinoma cell line. In vivo experi-
ments involved Galleria mellonella larvae. Antimicrobi-
al tests of different kinds used Candida spp., E. coli, S. 
aureus and P. aeruginosa as pathogen model organisms.
Results: Our experiments revealed, that the relative 
toxicity of parabens is highly modified by the other 
excipients applied in the product and the non-linear 
toxicity of the homologous series of parabens. Sorb-
ate esters were more effective against microbes, than 
sorbic acid and potassium sorbate and the essential 
oil emulsions proved to be a viable alternative for 
preservatives.
Conclusion: Innovative compounds and advanta-
geous interactions between preservatives and other 
excipients are promising new methods for ensuring 
microbial safety of pharmaceutical products. Mean-
while these new techniques require lower concentra-
tions than the currently recommended molecules 
which increase their safety.

Risk Assessment based therapy development in 
cystic Fibrosis 

Pallagi, E., Csóka, I .
Institute of Pharmaceutical Technology and Regulatory Affairs, 

University of Szeged, Szeged

Background: Cystic Fibrosis (CF) is an autosomal re-

cessive disorder, where the cellular transport’s de-
fect results in viscous secretions in different exo-
crine tissues (respiratory tract, pancreas GI tract, 
sweat glands, etc). The therapy of this chronic and 
progressive disorder is complex, lasts a lifetime and 
significantly influences the Quality of Life (QoL) of 
patients. The adherence to medical treatment is cru-
cial in this case for the patient’s QoL expectations [1]. 
The Quality by Design (QbD) approach of the phar-
maceutical developments is a holistic, systemic, 
knowledge and Risk Assessment (RA) focused meth-
od with profound previous target product design. 
QbD is a complex process with several steps, by the 
International Council on Harmonisation (ICH) 
guidelines and can be applied to each phase of the 
pharmaceutical research and development and also 
can be extended [2].
Aims: The aims of this study were the analysis of the 
early development phase of the pharmaceutical devel-
opment in CF therapy and the application of the QbD 
guided risk-based approach in the medicinal product-
design by the extended QbD methodology [2] in order 
to improve patient adherence and quality of life.
Methods: Collection, analysis and summary of all 
the relevant factors of CF therapy development, with 
special attention to patient expectations, adherence 
related factors, therapy and regulatory-specific ele-
ments and application of modern quality manage-
ment tools in visualization, for better evaluation. Im-
plementation of the RA by means of LEAN QbD® 
Software (QbDWorks LLC, Fremont, USA) in order 
to determine the factors with most highly risk on 
therapy development.
Results: After collection, systematization and evalu-
ation of all the therapy-related factors, the RA of the 
potential critical factors was performed and the 
ranking of the factors has been determined. Based on 
the RA results, the recommended intervention points 
in the CF therapy-management are: increased social 
support, increased patient education, and increased 
monitoring.
Conclusion: These interventions stated by the risk-
based evaluation of therapy development or man-
agement which can improve the patients’ quality of 
life can be the alternative of the costly and time-con-
suming new drug developments.
This study was supported by the EFOP 3.6.2-16-2017-0006
References: 1 Smyth AR et al. Journal of Cystic Fibrosis, 2014;13:23-
42; 2 Csóka I. et al. Drug Discovery Today, 2018; 23(7):1340-1343 

Sleep-wake stage-dependent effects of acute 5HT2C 
receptor antagonist SB242084 treatment on EEG 

gamma band activity

Papp, N.1, Koncz, S.1, Cseh, D.1, 
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Background: Gamma activity of the brain is associ-
ated with cognitive and sensory processes and 
might provide a signature of cognitive state and also 
network dysfunction. Moreover, alterations of these 
oscillations have been implicated as biomarkers of 
depression. On the other hand, several lines of evi-
dence suggest a role of serotonin 2C receptors (5HT-
2CRs) in the pathomechanism and treatment of de-
pression and anxiety. Numerous drugs used in the 
therapy of psychiatric disorders, such as most atypi-
cal antipsychotics and several antidepressants, pos-
sess 5HT2CR-blocking property. In addition, selective 
5HT2CR-antagonists have been proposed as putative 
fast-onset antidepressants.
Aims: As we hardly could find any data about the 
effects of selective 5HT2CR-acting drugs on gamma 
oscillations in freely moving animals, our aim was to 
investigate the acute effects of the 5-HT2CR-antago-
nist SB242048 on the 3060Hz gamma band of the 
electroencephalogram (EEG) during wakefulness, 
rapid eye movement (REM) sleep, and non-REM 
sleep.
Methods: Wistar rats were equipped with EEG and 
electromyography (EMG) electrodes. Following their 
recovery and habituation, we administered 1.0mg/kg 
SB242084 or vehicle intraperitoneally, at light onset 
(beginning of passive phase), and recorded frontopa-
rietal EEG, EMG and motor activity for the subse-
quent 3h.
Results: Quantitative EEG analysis performed by 
means of Fast Fourier transformation revealed that 
the acutely administered SB242084 markedly en-
hanced power density in the gamma band (3060 Hz) 
during non-REM sleep. In contrast, no change was 
observed during REM sleep and during wakefulness 
in this frequency band.
Conclusion: These findings indicate that the selec-
tive 5HT2CR-antagonist affected gamma activity, 
moreover, in a sleep-wake stage-dependent manner 
(reflecting different brain functions related to gam-
ma oscillations), that may provide further evidence 
for the therapeutic potential of these compounds in 
the therapy of depression and/or anxiety.

Formulation and evaluation of BGP15 loaded 
topical drug delivery systems

Pető, Á.1, Kósa, D.1, Fehér, P.1,  
Ujhelyi, Z.1, Sinka, D.1, Vecsernyés, M.1, 
Szilvássy, Z.2, Juhász, B.2, Csanádi, Z.3, 

Vígh, L.4, Bácskay, I .1

1Department of Pharmaceutical Technology; 2Department of 
Pharmacology and Pharmacotherapy; 3Institute of Cardiology, 
University of Debrecen, Debrecen; 4Biological Research Center, 

Hungarian Academy of Sciences, Szeged

Background: BGP15 is a novel insulin sensitizer 
drug candidate that also has protective effects in oxi-
dative stress related diseases and may have a protec-
tive role in inflammatory diseases.
Aims: The aim of our research was to investigate the 
anti-inflammatory effect of this molecule by formu-
lating o/w emulsion type ointments, perform bio-
compatibility assays, check in vitro dissolution of the 
formulated ointments with the help of Franz diffu-
sion chamber apparatus and formulate nanospheres 
of the pharmacon.
Methods: Sodium alginate nanospheres were formu-
lated to increase the efficacy of transdermal drug de-
livery. Formulation has been performed by con-
trolled polimerisation method and the role of the na-
nospheres has been evaluated. During the formula-
tion we used Büchi B395 Pro Encapsulator. The bead 
formation is based on the fact that a controlled, lami-
nar liquid jet is broken into equally sized beads, if vi-
brated at an optimal frequency. To enhance penetra-
tion different excipients were incorporated. Since 
safety is an important case of pharmaceutical formu-
lations, citotoxicity of applied excipients had been 
evaluated. As in vitro model of human skin, HaCaT 
cell line was selected. To determine the biocompati-
bility of these materials MTT cell viability test had 
been performed. After the ointment formulation 
membrane diffusion and permeability studies were 
performed with Franz-diffusion chamber apparatus.
Results: The results of MTT experiments demon-
strated that the selected excipients are safe under in 
vitro conditions. Based on the results of the oint-
ments’ dissolution we can conclude that all four 
compositions resulted very similar dissolution of the 
pharmacon, so all four surfactants can be used in the 
future for further investigations.
Conclusion: Based on the results it can be proven 
that BGP-15 is a versitale molecule and in the future 
it can be an increadibly useful therapeutic choice for 
many diseases.

Development and evaluation of ibuprofen  
rectal gels

Rédai, E.M.1, Antonoaea, P.1,  
Vlad, R.A.1, Todoran, N.1, Ciurba, A.1, 

Birsan, M.2, Sipos, E.3
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„George Emil Palade” Târgu Mureş; 2Discipline Pharmaceutical 
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Background: Rectal route represents an alternative to 
oral administration in pediatrics, a possibility to 
avoid gastro-intestinal adverse reactions. Ibuprofen is 
a non-steroidal anti-inflammatory agent, used in all 
age groups to reduce pain, fever and inflammation.
Our study aims the formulation and characterization 
of ibuprofen containing rectal gels.
Methods: For the formulation of gels ibuprofen was 
used as active substance, Carbopol 940, sodium algi-
nate and low viscosity HPMC as gel formers. Propyl-
ene-glycol and glycerin were used as permeation en-
hancers. 5% of ibuprofen was incorporated in all for-
mulations. Three gels have been prepared containing 
1 % Carbopol, 0.5 % Carbopol and 5 % HPMC, and 5 
% sodium alginate. The influence of formulation var-
iables on the pharmaco-technical parameters were 
studied: bioadhesion was recorded as the force re-
quired to detach the sample from the surface, pH, 
and diffusion. Diffusion of ibuprofen was measured 
in phosphate buffer (at a pH of 7.4) with Franz cells. 
Mathematical models were applied to model the re-
lease of active substance. 
Results: pH of gels was 4.2-5.0 viscosity varied between 165 
and 212 mPas. Detachment force was from 0.02 to 0.12N. 
Conclusions: Three gels containing ibuprofen were 
formulated for rectal used, suitable for children and 
adults. The obtained experimental results showed a 
superior release of ibuprofen (10%) from the 5 % so-
dium alginate gel. 
References: 1 Lakshmi Prasanna, J. et al, Asian J Pharmaceut 
Sci, 2012;2(4):143-149; 2 Liu, Y. et al. AAPS Pharm Sci Tech, 
2018;19(1):338-347.

Investigation of the cellular effects of beta-
cyclodextrin derivatives on intestinal epithelial 

cells 

Rusznyák, Á.1, Malanga, M.2,  
Fenyvesi, É.2, Szente, L.2, Váradi, J .1, 

Bácskay, I.1, Vecsernyés, M.1, Fenyvesi, F.1
1Department of Pharmaceutical Technology, University of 

Debrecen, Debrecen; 2CycloLab Ltd., Budapest

Background: Cyclodextrins are widely used excipi-
ents for increasing water solubility, delivery and bio-
availability of lipophilic drugs. We showed previ-
ously, that cyclodextrins are able to enter Caco-2 in-
testinal cells by endocytosis, but the different fluo-
rescent labelling has not been compared on the same 
cyclodextrin derivative. On the other hand, the con-

sequences of the cellular internalization of cyclodex-
trins have not been revealed yet.
Aims: Our aim was to compare the cellular internali-
zation of fluorescein and rhodamine labelled hy-
droxypropyl-, (HPBCD) and randomly-methylated-
beta-cyclodextrins (RAMEB) and to reveal the appro-
priate mechanism of the endocytosis. We also wanted 
to investigate the effects of these derivatives on the 
NF-κB pathway and autophagy and to examine the 
involvement of the lysosomal pathway in the cells.
Methods: The endocytosis of the cyclodextrin deriva-
tives was investigated by fluorescence microscopy, the 
more accurate mechanism of endocytosis was investi-
gated by flow cytomtery using various inhibitors. The 
effect of cyclodextrins on NF-κB pathway was exam-
ined bythe detection of the p65 subunit nuclear translo-
cation by fluorescence microscopy. The effect of cyclo-
dextrins on autophagy was investigated qualitatively 
by immuno labelling the LC3B molecule in the au-
tophagosomes membrane and quantitatively, whereby 
the autophagosomes membrane was stained with fluo-
rescent dye. Lysosomes present in Caco-2 cells were ex-
amined by fluorescence microscopy and the membrane 
of the lysosomes was stained by LysoTracker®.
Results: Both fluorescein and rhodamine labeled de-
rivatives are able to enter the intestinal Caco-2 cells 
by endocytosis. Cooling perfectly inhibited endocy-
tosis, while rottlerin inhibited significantly the up-
take. Cyclodextrin pretreatment did not activate the 
NF-kB pathway. After HPBCD and RAMEB treat-
ments the presence of autophagosomes is detectable, 
similar to control samples. Using flourescence mi-
croscopy we revealed, that these cyclodextrin deriva-
tives are able to enter lysosomes.
Conclusion: The type of fluorescent labelling does 
not influence the internalization of HPBCD and 
RAMEB cyclodextrin derivatives. FITC and rhoda-
mine conjugates showed similar intracellular locali-
zation. The endocytosis of cyclodextrin does not acti-
vate NF-κB pathway and does not increase the for-
mation of autophagosomes compared to the control 
sample. At the same time these derivates can be de-
tected in lysosomes after internalization.

The effect of alpha-lipoic acid on the antitumor 
effect of bortezomib in melanoma and myeloma 

cells

Takács, A.1, Lajkó, E.1, Láng, O.1, 
Istenes, I .2, Kőhidai, L.1

1Department of Genetics, Cell- and Immunobiology; 21st 
Department of Internal Medicine, Semmelweis University, 

Budapest

Background: Bortezomib (BOZ) is a proteasome inhib-
itor chemotherapeutic agent utilized to treat multiple 
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myeloma and recently offered to cure melanoma. Bort-
ezomib-induced peripheral neuropathy is one of the 
most significant and dose-limiting side-effects, which 
can be treated with antioxidants (e.g. alpha-lipoic acid 
– ALA and vitamin B1 – vit B1) as a part of cancer sup-
portive care. We hypothesized that these antioxidants 
may counteract the antitumor activity of BOZ.
Aims: The objectives of our experiments were: (i) to 
verify the cytotoxicity of BOZ; (ii) to test and com-
pare the influence of the antioxidants on the antitu-
mor effect of BOZ in melanoma (A2058) and myelo-
ma (U266) cells as clinically relevant target cells.
Methods: The cell viability was determined by 
xCELLigence® RTCA SP instrument and by a cell 
based CellTiter-Glo® Luminescent Cell Viability As-
say. Then the possible molecular pattern was charac-
terized by the analysis of phospho-p53 (S15) by flow 
cytometry and the cell cycle by NucleoCounter ® 
NC-250™. Cell-based assays were also assessed on 
the proteasome activity and on the ROS generation.
Results: At first, the cytotoxicity inhibiting effect of 
alpha-lipoic acid was proved in melanoma cells. 
Analysis of p53 phosphorylation and the cell cycle 
progression revealed that ALA failed to counteract 
the effects of BOZ on these processes. Nevertheless, 
a good correlation was found between the inhibition 
of the cytotoxicity, the anti-proteasome activity and 
the oxidative stress level after the co-treatment with 
20ng/mL BOZ + 100μg/mL ALA.
Conclusion: The antagonizing effect of ALA on the 
antineoplastic activity of BOZ in melanoma cells 
draw the attention to the proper application of can-
cer supportive care.
The current presentation was supported by the ÚNKP-19-3-I-
SE-49 New National Excellence Program of the Ministry for 
Innovation and Technology.

Characterisation of phenolic profile and 
antioxidant activity of Carpinus Betulus
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Background: Plants are still potential sources of new 
drugs, however, the ligneous flora is rarely explored 
in this regard. Hofmann et al. evaluated phenolic 
compounds and total antioxidant effect of European 
hornbeam (Carpinus betulus) leaf methanol extract [1]. 
However, analysis of other plant parts has not been 
performed and diarylheptanoids described in the 
Betulaceae family, have not been identified in C. betu-
lus. Diarylheptanoids have gained interest due to 

their remarkable anticancer and antioxidant activity 
[2].
Aims: Our aim was to analyse and compare the phenol-
ic composition of C. betulus extracts made from distinct 
plant parts with various solvents, with special regard to 
its diarylheptanoid profile. In addition, we aimed to 
characterise the contribution of individual constituents 
to the total antioxidant capacity of the extracts.
Methods: Dried bark, leaf, male and female flowers 
of C. betulus were extracted with solvents of increas-
ing polarity (chloroform, ethyl acetate, methanol) in 
ultrasonic bath. For the phytochemical analyses an 
LC-ESI-MS/MS method was applied. Diarylhepta-
noids were isolated by a combination of reversed-
phase chromatographic techniques and identified by 
HR-MS and NMR methods. Total antioxidant activi-
ty of the extracts was assayed with the 2,2-diphenyl-
1-picrylhydrazyl (DPPH) method. We compared the 
contribution of each compound to the antioxidant ef-
fect against DPPH using an LC-MS method.
Results: Methanol extracts of C. betulus were domi-
nated by the presence of gallic acid derivatives and 
ellagitannins. Ethyl acetate extracts contained gallo-
tannins, hydroxycinnamic acids, flavonol-glycosides 
and diarylheptanoids. Five diarylheptanoids were 
isolated from the bark for the first time with car-
pinontriols A and B being the most abundant. The 
methanol extract of the leaves showed the highest 
antioxidant effect, due to its high tannin content. 
Galloyl-hexahydroxydiphenyl glycosides and other 
galloyl esters contributed to the greatest extent to the 
total antioxidant activity.
Conclusion: Phenolic fingerprints of different parts 
of C. betulus were compared and cyclic diarylhepta-
noids were identified for the first time. Gallotannins 
were described as constituents being responsible for 
the antioxidant activity of hornbeam.
References: 1 Hofmann, T. et al. Ind Crops Prod, 2016;87:340-349; 2 
Alberti, Á. et al. J Pharm Biomed Anal, 2018;147:13-34.
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Background: Ethnobotanical studies play an impor-
tant role worldwide nowadays. The local knowledge 
of rural people possesses many valuable elements 
related to drugs of plant origin, such as in the isolat-
ed regions in Transylvania, Romania. These field 
trips are of pivotal importance to preserve the archa-
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ic data, and after comparison with data obtained 
from scientific databases, plants can be analysed for 
the phytochemical characters of the ethnomedicinal-
ly used parts, e.g. for the carotenoid content of flow-
ers and fruits, as well.
Aims: This paper focuses on the HPLC investigation 
of the carotenoid composition of flowers of Telekia spe-
ciosa (heartleaf oxeye, Asteraceae) and six Verbascum 
species (mullein, also known as velvet plant, Scrophu-
lariaceae), collected in Transylvania, Romania.
Methods: By HPLC-DAD-MS systems based on their 
UV-VIS and mass spectrum as well as co-chromatog-
raphy with authentic samples, some main and minor 
carotenoids were identified in the studied plants.
Results: The flower of Telekia speciosa contained lute-
in as main carotenoid while the minor components 
seemed mainly carotenoid 5,6-epoxides (neoxanthin, 
(9Z)-neoxanthin, violaxanthin, antheraxanthin and 
beta-cryptoxanthin 5,6-epoxide). Carotenes occurred 
only in traces. In the selected populations some 
quantitative differences were detected in the identi-
fied components. In the flower of Verbascum species 
lutein and beta-carotene were identified as main 
compounds. In addition to zeaxanthin, alfa- and be-
ta-cryptoxanthin, alfa-carotene, gama-carotene and 
delta-carotene were detected. The content of gama- 
and delta-carotene and their (9Z)-isomers differed 
significantly (from 3 to 20 %) in the different species. 
Carotenoid epoxides (except violaxanthin) were de-
tected in traces in the plants.
Conclusion: The yellow flowers usually contain lutein 
and beta-carotene as main compounds and some epox-
ides (neoxanthin, violaxanthin) as minor carotenoids. 
The investigated species show two different but com-
plex carotenoid profils. Unfortunately, at the moment 
some compounds remained unidentified. The isolation 
and identification of these compounds are in progress.
Acknowledgements: This study was supported by the grant 
NKFI K 115931 (National Research, Development and Innova-
tion Office).

Development and characterisation of solid 
gastroretentive dosage form based on melt foaming
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Background: Several drugs display site-specific ab-
sorption in GI tract. Dosage forms with increased 
gastric residence time are promising tools to in-
crease bioavailability of drugs with narrow absorp-
tion window. Low-density floating formulations 
could avoid gastric emptying; therefore, sustained 
drug release can be achieved [1].

Aims: Our aim was to develop a simple, new tech-
nology, based on melt-foaming, which can be eas-
ily filled into the final dosage form, namely hard 
gel capsules. After filling, the foam quickly solidi-
fies upon cooling and keeps its structure. Excipi-
ents were selected carefully, with the criteria of 
low gastric irritation, melting range below 70°C 
and well-known use in oral drug formulations.
Methods: PEG4000, stearic acid, Labrasol and met-
ronidazole were used for experiments. A novel, in-
house apparatus was built to mechanically dispers-
ing air into the melt. Densities were determined by 
the pycnometer method. SEM and MicroCT was per-
formed to characterize the foam and cell structure. 
Dissolution and floating properties were investigat-
ed in pH 1.2 hydrochloric acid media. Dissolution 
data were also analysed by fitting to kinetic models 
and by model independent approach. Texture analy-
sis was chosen to monitor the hardness changes of 
the foams during dissolution.
Results: 53°C was found as an optimal temperature 
for gas entrapment in the molten dispersion. Stearic 
acid was necessary to improve the foamability and 
to achieve density values below 1.0g/mL. The lowest 
density reached was 0.82g/mL. The cell structure 
was homogeneous and the smooth outer surface did 
not form a shell. The shape of the cavities was typi-
cally spherical or spheroidal. Cavities formed by the 
merging of bubbles were present, as well. During 
the dissolution tests, all samples were proven to 
possess zero floating lag time. Composition with 
10% stearic acid was found to release 86% its drug 
content in 10 hours. All formulations fitted best to 
the Korsmeyer-Peppas model and none of them fit-
ted to zero-order or first-order model. Texture anal-
ysis confirmed the presence of an unwetted and sol-
id core in the formulation with 10% stearic acid even 
after 5 hours.
Conclusion: A novel technology was developed 
to foam hot and molten dispersions on atmos-
pheric pressure, which is applicable to produce 
floating, low-density moulded dosage forms. 
Drug was released mainly by the erosion of the 
foamed matrix.
References: 1 Vo, A.Q., et al. Eur J Pharm Biopharm 2016;98:108–21.
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Background: This work was motivated by the de-
mand of European Directorate for the Quality of 
Medicines and HealthCare (EDQM). A new liquid 
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chromatographic (LC) method was developed for 
terazosin impurity profiling to replace the old Euro-
pean Pharmacopoeia (Ph. Eur.) method. This new 
method is published as part of the new Ph. Eur. 
monograph proposal of terazosin in PharmEuropa 
issue 32.2. 
Aims: The aim of the method renewal was to cut the 
analysis time from 90 minutes (2 x 45 min) down to 
below 20 minutes. The Ph. Eur. monograph method 
is based on two different chromatographic separa-
tions to analyze the specified impurities of terazos-
in. The reason for the two methods is that two of the 
impurities are not sufficiently retained in reversed 
phase (RP) conditions, not even with 100% water as 
eluent. Therefore, next to RP, an ion-pair (IP) chro-
matographic method has to be applied to analyze 
those two impurities. 
Methods: With our new proposed method it was 
possible to appropriately increase the retention of the 
two critical compounds using alternative stationary 
phases (instead of a C18 phase which is suggested by 
the Ph. Eur. method). Applying a pentafluoro-phenyl 
(PFP) stationary phase, it was feasible to separate and 

adequately retain all the impurities. The detection 
wavelength was also changed compared to the Ph. 
Eur. method and is now appropriate for the detection 
and quantification of all impurities using perchloric 
acid in the mobile phase at low pH. 
Results: Another goal of the present study was to de-
velop a generic workflow and to evaluate the chroma-
tographic resolution in a wide range of method varia-
bles and suggest some replacement columns for tera-
zosin impurity profiling. Retention modeling was ap-
plied to study the chromatographic behavior of the 
compounds of interest and visualize resolution for the 
different columns, where a given criterion is fulfilled. 
A zone (set of chromatographic conditions) of a robust 
space could be then quickly identified by the overlay 
of the individual response surfaces (resolution maps). 
Conclusion: It was also demonstrated that two col-
umns from different providers (Kinetex F5 and 
SpeedCore PFP) can be used as replacement col-
umns, providing sufficient resolution at the same 
working point and a high degree of robustness. 
References: Enesei D, et al. J. Pharm. Biomed. Anal. 
2020;187:113371 


