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YEJTOBEK HA YUTE
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BENOK YMNPABJITEHWNA
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KNETOYHbIN YyMn

* [lpegmeTHOE CTEK/O
 NAMC chown

* [IK naHenb

e PUTUHTU N TPYOKM

e 8y4ymnos Ha oaAMH 610K
ynpaB/ieHUA

I
I
I
1
i
with channels .

Cell well

Media
reservoirs

) |
1 |
Polycarbonate :

channel plate -

1
| Screw
l I I
1
\ Tubes
i to control unit

| [I*’ u[u : \,;

PDMS layer

Microscopy
I
X glass
26°76 mm

Thermostatic

cradle



YCTPOWCTBO YUMA




MPUHUNIM PABOTHI




2.1 KneTouyHble moaenu
fleyeHb Ha 4Yune



FMOBANNIbHAA MPOBNEMA OOKNNHUYECKUX MCNBbITAHUN

Liver-on-a-chip
metabolism, hepatotoxicity,
drug-drug interaction

Human-on-a-chip
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MEYEHb HA YATIE

Cdepoupbl HepaRG:
2000 1udhepeHITuPOBaHHBIX
KJIETOK Ha C(Pepoun
6 mHell MHKyOaIum
30 cepoun10B Ha JIYHKY

24 4 UHKyOaIuu ¢ cyocTpaTamMu
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MEYEHb HA YATIE
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BIIMAHNE MNKPOLUMPKYNALNA
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OMPEOENEHWE METABOJNTN3MA NMPON3BOOHBIX OKCUXUHONNHA B MOOEJI NMEYEHW-HA-YUTIE

CYP3A4

Adaptaquin: a potent inhibitor
mimicking alpha-ketoglutarate
(aKG) and HIF peptide binding in
HIF prolyl hydroxylase active center

N-Oxidation

Adaptaquin is metabolized by CYP3A4 and CYP2B6.
Adaptaquin induces CYP2B6.

CYP2B6
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Drug Metabolism Letters, 2019, 13, 45-52 i

RESEARCH ARTICLE

Drug
Metabolism Letters

“Branched Tail” Oxyquinoline Inhibitors of HIF Prolyl Hydroxylase:
Early Evaluation of Toxicity and Metabolism Using Liver-on-a-chip

Andrey A. Poloznikov'™", Sergey V. Nikulin?, Arpenik A. Zakhariants®, Anna Y. Khristichenko',
Dmitry M. Hushpulian', Ildar N. Gazizov’, Vladimir I. Tishkov*®’ and Irina G. Gazaryan'**

'Dmitry Rogachev National Medical Research Center for Pediatric Hematology, Oncology and Immunology,
Healthcare Ministry of Russia, 117997 Moscow, Russia; ’National Medical Research Radiological Center, Ministry of
Health of the Russian Federation, Koroleva, 4, 249036 Obninsk, Russia; *Moscow Institute of Physics and Technology,
Institutsky lane 9, Dolgoprudny, Moscow region, 141700, Russia; *Department of Chemical Enzymology, School of
Chemistry, M.V. Lomonosov Moscow State University, Moscow 119991, Russia; *Far Eastern Federal University,
Viadivostok, Russia; °Bach Institute of Biochemistry, Research Center of Biotechnology of the Russian Academy of Sci-
ences. 33, bld. 2 Leninsky Ave., Moscow 119071, Russia; "Innovation and High Technologies MSU Ltd., Tsymlyanskaya
16, Moscow 109599, Russia; *Department of Anatomy and Cell Biology, New York Medical College, 15 Dana Road,
Valhalla, NY 10595, USA

Abstract: Background: “Branched tail” oxyquinolines, and adaptaquin in particular, are potent HIF
prolyl hydroxylase inhibitors showing promising results in in vivo hemorrhagic stroke models. The fur-
ther improvement of the potency resulted in identification of a number of adaptaquin analogs. Early
evaluation of toxicity and metabolism is desired right at the step of lead selection.

Objective: The aim of the study is to characterize the toxicity and metabolism of adaptaquin and its

new improved analogs.
ARTICLE HISTORY . . e = . . ]
Method: Liver-on-a-chip technology with differentiated HepaRG cells followed by LC-MS detection

of the studied compounds and metabolites of the P450 substrate-inhibitor panel for CYP2B6, CYP2C9,

Received: June 30, 2018 CYP2C l 9‘ and CYP3A4

Revised: October 18, 2018
Accepted: November 07, 2018 . . P o .
Results: The optimized adaptaquin analogs show no toxicity up to a 100-fold increased range over

ECsg. The drugs are metabolized by CYP3A4 and CYP2B6 as shown with the use of the cytochrome
P450 substrate-inhibitor panel designed and optimized for preclinical evaluation of drugs’ in vitro
biotransformation on a 3D human histotypical cell model using “liver-on-a-chip” technology. Activa-
tion of CYP2B6 with the drugs tested has been observed. A scheme for adaptaquin oxidative conver-
sion is proposed.

DOI:
10.2174/1872312813666181129100950

@

Conclusion: The optimized adaptaquin analogs are suitable for further preclinical trials. Activation of
CYP2B6 with adaptaquin and its variants points to a potential increase in Tylenol toxicity if adminis-
tered together.

Keywords: CYP2BG6 induction, early drug-discovery stage, HepaRG cells, HIF prolyl hydroxylase inhibitor, adaptaquin, oxy-
quinolines.



ONMPEAOENEHWE METABOJIM3MA ®EHO3EINMAMA B MOOENW NEYEHW-HA-YUTE
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Drug Metabol Pers Ther 2018; 33(2): 65-73

Dmitriy V. Ivashchenko*, Anastasia V. Rudik, Andrey A. Poloznikov, Sergey V. Nikulin,
Valeriy V. Smirnov, Alexander G. Tonevitsky, Eugeniy A. Bryun and Dmitriy A. Sychev

Which cytochrome P450 metabolizes
phenazepam? Step by step in silico, in vitro,

and in vivo studies

https://doi.org/10.1515/dmpt-2017-0036
Received November 18, 2017; accepted February 3, 2018; previously
published online May 4, 2018

Abstract

Background: Phenazepam (bromdihydrochlorphenylben-
zodiazepine) is the original Russian benzodiazepine tran-
quilizer belonging to 1,4-benzodiazepines. There is still
limited knowledge about phenazepam’s metabolic liver
pathways and other pharmacokinetic features.

Methods: To determine phenazepam’s metabolic path-
ways, the study was divided into three stages: in silico
modeling, in vitro experiment (cell culture study), and
in vivo confirmation. In silico modeling was performed
on the specialized software PASS and GUSAR to evaluate
phenazepam molecule affinity to different cytochromes.
The in vitro study was performed using a hepatocytes’
cell culture, cultivated in a microbioreactor to produce
cytochrome P450 isoenzymes. The culture medium con-
tained specific cytochrome P450 isoforms inhibitors and
substrates (for CYP2C9, CYP3A4, CYP2C19, and CYP2B6) to

determine the cytochrome that was responsible for phen-
azepam’s metabolism. We also measured CYP3A activity
using the 6-betahydroxycortisol/cortisol ratio in patients.
Results: According to in silico and in vitro analysis results,
the most probable metabolizer of phenazepam is CYP3A4.
By the in vivo study results, CYP3A activity decreased suf-
ficiently (from 3.8 [95% CI: 2.94—4.65] to 2.79 [95% CI: 2.02—
3.55], p=0.017) between the start and finish of treatment
in patients who were prescribed just phenazepam.
Conclusions: Experimental in silico and in vivo studies
confirmed that the original Russian benzodiazepine phen-
azepam was the substrate of CYP3A4 isoenzyme.

Keywords: benzodiazepine; cell culture; computer mode-
ling; cytochrome P450; metabolic pathway; phenazepam.



2.2 KneTouyHble moaenu
KuweyHuk Ha 4une



KWWEYHWK HA YATTE

e MoHocnoun knetok Caco-2
Ha membpaHe

* bapbepHaa PyHKUUA
e Ancopbuus

e 20000 -30000 KneTtoK Ha
TpaHcBenn
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KWWEYHWK HA YATTE

BioChip 7.
DOI 10.1007/513206-016-0308-3

Original Article

Tumour-like Druggable Gene Expression Pattern of CaCo2

Cells in Microfluidic Chip

Timur R Samatov!?-*, Nadezhda V Senyavina’, Vladimir V Galatenko*, Eugene V Trushkin!,
Svetlana A Tonevitskayal?, Dmitriy E Alexandrov?, Galina P Shibukhova?,

Udo Schumacher® & Alexander G Tonevitsky*#*

Received: 19 February, 2016 / Accepted: 23 May, 2016 / Published online: 29 July. 2016

(© The Korean BioChip Society and Springer 2016

Abstract The human-on-chip technology provides
an efficient basis for preclinical studies and has poten-
tially a greater predictive power for human drug re-
sponse than classical 2D cell culture. Here we report
the expression profile of druggable genes in the human
colon cancer cells CaCo2 in static culture and with-
in a microfluidic chip. We identified gene expression
pattern under flow to be closer to the one of CaCo2
primary xenograft tumours as compared to those cells
grown without circulation. The obtained results indi-
cate that a microenvironment connected to a circula-
tion within a chip brings the cells closer to in vive situ-
ation. Hence the human-on-chip technology is a more
powerful tool for drug development than conventional
2D cell culture.
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Introduction

Microfluidic organotypic chips are aimed to emulate
human physiology on a small scale. These devices are
capable of culturing the cells under continuous perfu-
sion and physiological shear stress recapitulating func-
tions of the cells in culture under specific tissue- and
organ-level circulatory conditions'. PDMS (polydi-
methylsiloxane) is among the most popular materials
used for microfluidic chip fabrication since it is com-
patible with living cells and provides for the flexibility
in the design of the devices®. To date these systems are
reported to be used to study cancer progression as they
are able to model combinations of the interrelated met-
astatic steps. EMT plasticity and proliferation’. The
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KWWEYHWK HA YATTE
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MNOrMOWEHNE B CTATUHECKUX U AUHAMNYECKNX

YCJITOBUAX
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2.3 KnetTouyHble moaenu
Memacma3 Ha Yyune
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METACTAS3 HA YATIE
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Modelling the metastatic cascade by in vitro
microfluidic platforms
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Abstract

The metastatic cascade comprises the following steps in sequential manner: the future metastatic
cell has to leave the primary tumor mass, degrade the surrounding extracellular matrix, extravasate
and circulate within in the bloodstream. Thereafter it has to attach to the endothelium of a target organ,
intravasate into the connective tissue and has to proliferate to form a clinically detectable metastasis.



METACTAS3 HA YATIE

YnnortHeHue

Kapkac u3 nonucrepona

Cnon NAMC c
MUKpPOKaHanamu

NMpeameTHoe CTeKNoO
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METACTA3 HA YATIE (MEMBPAHA)




METACTAS3 HA YHUTNE (LEHTPAJIbHAA JTYHKA)




Homunculus-

2.4 KneTouyHble moaenu
[TnaueHma Ha 4une



MNALUEHTAPHbIN BAPLEP

Kposb nnoaa
SHAoTeNnounT

BM sHagoTenuna

BEM TtpodobnacTa

KneTtka yntotpodobnacra
CuHumuTmnoTtpodobnacr
MaTepuHCKaa KpoBb
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MNALUEHTAPHbIN BAPLEP




MIAUEHTA HA YATIE

KnanaH Pa6boyas kamepa KnanaH

\. JNlyHKa Ans cMeHbl cpegp! /

JIyHKW onsa noceBa KNeTok
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N3MEPEHWE MMMNEOAHCA
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N3MEPEHWE MMMNEOAHCA
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N3MEPEHWE MMMNEOAHCA
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XUMUWOMPENMAPATHBI TP PMX Y BEPEMEHHbBIX XXEHLWNH
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XUMNOMPENAPATHI NMPN PMX Y BEPEMEHHbBIX XEHLWNH

* 5-py Tpu npenapata



XUMUWOMPENMAPATHBI TP PMX Y BEPEMEHHbBIX XXEHLWNH

5-dY: 77,6%
Ld: 91,3%
5-dY: 90,3% Ud: 85,7% [okKc.: 64,8% [okKc.: 64,4%

5-PVY: 21,2%

5-0Y: 8,2% Ld: 7,0% [okc.: 34,1% Ud: 0,7%
[okc.: 35,3%
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QNEKTPUYECKOE COMPOTUBNEHWE KNETOK NMPU OENCTBUN XUMUOTEPAMUN
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MNKPODPUN3UNOITTOTMYECKNE MOOEJIN OPTAHOB YEJTOBEKA

Cnacunbo 3a BHMMaHue!
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