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Abstract

Introduction. The most important stage of pharmaceutical development of a generic drug is a clinical trial involving humans -
a bioequivalence study. Considering the importance of finding rivaroxaban drugs in the list of vital and essential drugs, as part
of ensuring technological sovereignty, the use of scientific robust and effective methods for determining the quality of its
dosage form is required.

Aim. Conduct a study of rivaroxaban tablets on a physiologically relevant tester to predict pharmacokinetic profiles.

Materials and methods. The objects of the study are "Xarelto®, film-coated tablets, 10 mg" (series BXJS871, with an expiration
date of October 31, 2024, Bayer AG, Germany), "Xarelto®, film-coated tablets, 20 mg" (series BXKDF32, with an expiration date
of May 17, 2026, Bayer AG, Germany) and "Rivaroxaban, film-coated tablets, 10 mg" and "Rivaroxaban, film-coated tablets, 20 mg",
domestically produced, with valid expiration dates. During the study, reagents were used to prepare dissolution media and
perform quantitative determination. The physiologically relevant test was performed on the SC PRT-6 device (LLC "Scientific
Compliance", Russia). The quantitative content of released rivaroxaban within the comparative dissolution kinetics test in a
medium of 0.1 in a medium of 0.1 % sodium lauryl sulfate solution in a phosphate buffer solution pH 6.5 was carried out on a
SF-2000 spectrophotometer (LLC "OKB Spektr", Russia). The quantitative content of released rivaroxaban within the comparative
dissolution kinetics test in biorelevant dissolution media and physiological relevance test was assessed on a high-performance
liquid chromatograph "Chromatec-Crystal HPLC 2014" (JSC "Chromatec", Russia). Pharmacokinetic profiles were modeled in the
PK-Sim® (Systems Biology Software Suite 11.2, Bayer Technology Services GmbH, Germany) program based on the data obtained
within the physiologically relevant test. The clinical study of rivaroxaban tablets was a prospective, open-label, randomized,
crossover, two-stage comparative study in two groups of volunteers with a single dose of drugs on the fast condition. The study
randomized 30 healthy male volunteers aged 18-45 years.

Results and discussion. A complex of in vitro tests was conducted, profiles were obtained that allow us to evaluate the dynamics
and degree of release of the studied drugs in various parts of the human gastrointestinal tract. A comparison of the sequential
and hybrid schemes for conducting the physiological relevance test was carried out. Within the framework of the set of tests,
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qualitative and quantitative correlation with the clinical trials data was observed only for the hybrid physiological relevance
test scheme. Based on the results of physiological relevance test using different schemes, pharmacokinetic profiles for a pair of
drugs were predicted and the prediction error was assessed.

Conclusion. A set of scientific in vitro tests was conducted for the drugs "Xarelto®, film-coated tablets, 10 mg and 20 mg",
"Rivaroxaban, film-coated tablets, 10 mg and 20 mg". Based on the physiological relevance test results, pharmacokinetic profiles
for a pair of drugs were predicted with low error and high reliability. As part of the comparison of data obtained during clinical
trial and modeling, the smallest prediction error was noted when performing physiological relevance test using a hybrid scheme.
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Pesiome

BBepeHue. BaxHeiwwym 3Tanom dapmaueBTUYecKoln pa3paboTKy BOCMpPOM3BeAEHHOro nekapcTBeHHoro cpepactsa (J1C)
ABNAETCA KAMHMYECKOoe MCCNefoBaHMe C yyacTMeM YenoBeka - mccnefoBaHve OGMOIKBUMBANEHTHOCTU. YUMTbIBaA BaXHOCTb
HaxOXAEeHWA NMpenapaTtoB prBapokcabaHa B nepeyHe »KU3HEHHO HeOoOXOAMMbIX U BaXKHEMWWX NeKapCTBEHHbIX MpernapaToB
(KHBJIN), B pamkax obecneuyeHUsi TEXHONOTMYECKOro CyBepeHMTeTa TpebyeTcs WUCMNONb30BaHWE HAy4HbIX POBACTHBIX ”
3 EeKTUBHBIX METOAOB ONpeAeNnieHNsi KauecTBa roTOBOW NeKapCTBEHHOWN GOPMbI.

Lenb. NMpoBecTn nccnegoaHue tabnetok prapokcabaHa Ha Gpr3nonormyeckn peneBaHTHOM TecTepe C Lenbio NpeackasaHus
bapMaKoKMHeTUYECKNX Npodunen.

Martepunanbl n metogbl. O6bekTaMmn nccnefaoBaHma ABnATCA «Kcapento®, TabneTkn, NMOKPbITblie NMAEHOYHON 060NI0UKOWA,
10 mr» (cepusa BXJS871, cpok rogHoctu go 31.10.2024, Bayer AG, lepmanus), «Kcapento®, Tabnetku, NMoKpbiTble MAeHOYHON
o6onoukoin, 20 mr» (cepua BXKDF32, cpok rogHocTn fo 17.05.2026, Bayer AG, lepmaHnus), «<PuBapokcabaH, TabneTku, NoKpbiTble
nieHouyHon ob6onoukoir, 10 mr» n «PuBapokcabaH, TabneTKu, MOKPbITbie MIEHOYHON 060noukon, 20 Mr» OTEUECTBEHHOrO
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Npov3BOACTBA, C AEWCTBYIOWMUMY CPOKaMy roAHOCTW. Bo Bpems uccnepoBaHnA MCMONb30BanUCh peakTvBbl, HeobXoaumble
ANA MPUrOTOBNIEHUA Cpef PacTBOPEHNA 1 MPOBELEHUA KONMMYECTBEHHOro onpegeneHna. GU3nonornyeckn peneBaHTHbIN TecT
nposoaunu Ha npubope CK OPT-6 (OO0 «CanHTuduk KomnnaiHc», Poccus). OnpepeneHne KonmuyecTBEHHOTO COAeEp»KaHWsA
BbICBOOOAMBLIErOCA puBapokcabaHa B pamMKax TecTa CpaBHUTENbHOW KMHeTUKU pactBopeHua (TCKP) B cpepe 0,1%-ro
pacTBopa HaTpus naypwicynbdata B docdpatHom 6ydepHom pactBope ¢ pH 6,5 npoBogunock Ha cnektopopotometpe CH-2000
(OO0 «OKB CnekTtp», Poccua). KonmuecTBeHHOe copepaHue BbicBOOoAMBLIErocs prBapokcabaHa B pamkax TCKP B
6riopeneBaHTHbIX cpefax pactBoperua (BPC) n dusmonoruveckn penesaHTHoro Tecta (DPT) oueHMBanu Ha BbICOKOIGPEKTUBHOM
XKMOKOCTHOM Xxpomatorpade «XpomaTak-Kpuctann BIKX 2014» (3A0 CKB «XpomaTtak», Poccud). QapmakoKuHeTnyeckue
npodunn 6bIIM CMopenvpoBaHbl B nporpamme PK-Sim® (Systems Biology Software Suite 11.2, Bayer Technology Services
GmbH, TepmaHna) Ha OCHOBaHUM [AaHHbIX, MONYYEHHbIX B paMKax nposefeHusa OPT. KnuHuuyeckoe nccnepoBaHne Tabnetok
puBapokcabaHa NpepAcTaBnAno coboil NPOCNeKTUBHOE OTKPbITOe PaHAOMU3NPOBAHHOE MepekpecTHoe B ABYX 3Tanax
CpaBHUTENbHOE UCCNefoBaHWe B ABYX rpynnax AoOpoBo/bLeB C OAHOKPATHbIM MPUEMOM MpenapaTtoB HaTowak. B
nccnenoBaHnm 66y paHAoMM3MpPoBaHbl 30 310POBbIX JOOPOBONbLEB MYXCKOrO Nnona B Bo3pacte 18-45 nert.

PesynbTaTtbl 1 o6cyxaeHue. bbin npoBefleH KOMMNEKC WCMbITaHWIA in vitro, nonyyeHbl Npoounv, No3Bonsiowre OUeHUTb
OVHaMUKY 1 cTerneHb BbicBOGOXAeHUA nccnegyembix JIC B pasnuuHbix otgenax KKT uenoseka. OCyliecTBIEHO CpaBHeHMe
nocneposaTesibHON 1 rnbpuaHo cxem nposepeHusa OPT. Mo pesynbratam nposefeHna OPT no pasHbiM cxemam 6binu
npepackasaHbl GapmakoKnHeTuYeckme npodunm ansa napbl NpenapaTos 1 paccunTaHa oWmnbKa MPOrHo3MpoBaHus.

3aknioveHue. [poBefeH KOMMIEKC HayuYHbIX UCMbITAaHUI in vitro ana npenapatoB «KcapenTo®, TabneTky, MOKPbITbIE NIEHOYHON
obonoukoin, 10 Mr n 20 mr», «<PuBapokcabaH, TabneTku, NOKpPbITblE MNAeHOUYHOW 06onoukor, 10 Mr 1 20 mMr». B pamkax cpaBHeHMA
JaHHbIX, MOMYYEHHbIX MPU MNPOBEAEHUM KIVHWYECKOrO WUCC/efOBaHWA U NPW MOAENMPOBAHUM HaVMeHbluas oOlIn6Ka
NPOrHo3npoBaHuA bbina oTmeyeHa npu BoinonHeHun OPT no rmbpuaHon cxeme.

KnioueBble cnoBa: pusapokcabaH, FaSSIF, FaSSGF, BKC

KoHpNuKT nHTEepecoB. ABTOpPbI AEKNApPUPYIOT OTCYTCTBUE ABHbIX U MOTEHUMUaNbHbIX KOHOINKTOB MHTEPECOB, CBA3aHHbIX C
ny6nyKaLumein HacTosLLen CTaTbU.

Bknapg aBTopoB. A. M. MonysHos, E. A. ManaweHko, A. 0. CaBuyeHko 1 W.E. WoxnH npugymanu n paspabotann sKCNeprMeHT.
A.B. Cysoposa u M. A. JloceHkoBa nposenu TCKP n ®PT. 0. B. MeaBefes npoBOANA KOMMYECTBEHHYIO OLEHKY BbICBOOOXAEHNA
METOAOM BblCOKOIDDEKTUBHOM XKMAKOCTHON XpomaTtorpadum n pykosogun pabotoit. K. K. KapHakosa u H. C. baraesa nposogunu
CTaTUCTMYeCKyto 06paboTKy AaHHbIX. Bce aBTOpbl y4acTBOBaAM B HAaNUCaHMM TeKCTa CTaTbh M 06CYKAEHMUN pe3ynbTaToB.

Ana untnposaHua: Cysoposa A.B., JloceHkosa [1. A., Megseges 0. B., ManaweHko E.A., KapHakosa K. K., baraesa H.C,,
CaBueHko A.l0., MonyaHo A.M., lWoxuH W.E. MpumeHeHune in vitro nccnepoBaHnii anA npepckasaHva $GapMakoKUHETUKM
Tabnetok pwuBapokcabaHa. Paspabomka u peaucmpayus nekapcmeeHHuix cpedcms. 2024;13(3):186-198. https://doi.
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INTRODUCTION is the dissolution test [1, 2]. A logical continuation of
this form of investigation is the dissolution kinetics
comparison test (DKCT) [3].

There are also approaches that implement more
complex models, such as testing in biorelevant media
[4]. However, these tests are not mandatory, despite
their importance for problematic drugs such as those

in Subclass llc of the Biopharmaceutical Classification

The crucial stage in the pharmaceutical development
of a generic drug product is a clinical trial on human
subjects — a bioequivalence study. The process of phar-
maceutical development of a generic drug product
involves selection and adjustment of production condi-
tions, manufacturing and accumulating various produc-

tion batches. The next stage is selection of the clinical
batch for the bioequivalence study.

At this stage, in vitro testing of the pre-selected
batches is required. The simplest of all tests for all solid
dosage forms included in the regulatory documentation

System (BCS) [5, 6].

A typical example of BCS Class Il drugs are the for-
mulations of Rivaroxaban, containing a small molecule
(M =436 g/mol) as an active ingredient that is practical-
ly insoluble in water. Pharmacologically, Rivaroxaban is



a direct inhibitor of Factor Xa. The importance of its use
was demonstrated in particular during the SARS-CoV-2
pandemic [7, 8].

Besides the importance of the drug in the treatment
of a number of diseases, as well as being on the list of vital
and essential drugs, the task of ensuring technological
sovereignty requires application of robust and effective
scientific methods for determining the quality of its
dosage form in addition to the mandatory regulatory
studies.

MATERIALS AND METHODS
Objects of study

The objects of study were as follows: "Xarelto®,
film-coated tablets, 10 mg" (batch serial no. BXJS871,
expiration date 31.10.2024, produced by Bayer AG,
Germany), "Xarelto®, film-coated tablets, 20 mg" (batch
serial no. BXKDF32, expiration date 17.05.2026, pro-
duced by Bayer AG, Germany), "Rivaroxaban, film-coa-
ted tablets, 10 mg" (non-expired, produced by a do-
mestic manufacturer), and
tablets, 20 mg" (non-expired, produced by a domestic
manufacturer).

"Rivaroxaban, film-coated

Reagents and solutions

The following reagents were used in the study:
purified water, type I; concentrated hydrochloric acid
(HC) (class "extra pure", produced by "Sigma Tec" LLC,
Russia); concentrated orthophosphoric acid (H,PO,)
(class "for HPLC", produced by Scharlau, Spain); sodi-
um hydroxide (NaOH) (class "p.a.", produced by "Com-
ponent-Reaktiv" LLC, Russia); sodium phosphate diba-
sic (Na,HPO,) anhydrous (class "extra pure", produced
by "Component-Reaktiv" LLC, Russia); sodium chlo-
ride (NaCl) (class "extra pure", produced by "Compo-
nent-Reaktiv" LLC, Russia); sodium lauryl sulphate (SDS)
(class "EP/USP", produced by "Aldosa" LLC, Russia),
powder for the preparation of biorelevant media (BRM)
SC Powder (produced by "Scientific Compliance" LLC,
Russia); acetonitrile (ACN) (class "HPLC gradient grade”,
produced by Biosolve, France).

Test equipment

The dissolution kinetics comparison test (DKCT) was
conducted using an Agilent 708-DS dissolution tester
(Agilent Technologies, USA). The physiologically rele-
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vant test (PRT) was conducted on an SC PRT-6 unit
("Scientific Compliance" LLC, Russia). The determina-
tion of concentrations in sodium lauryl sulphate me-
dium during the DKCT was performed by the UV-Vis
spectrophotometry (SPM) method using an SF-2000
UV-Vis spectrophotometer ("OKB Spectr" LLC, Russia).
The chromatographic separation and quantification of
Rivaroxaban during the DKCT in BRM and the PRT were
carried out on a high-performance liquid chromatograph
"Khromatek-Kristall HPLC 2014" (SKB "Khromatek" JSC,
Russia) set at a wavelength of 250 nm. The chroma-
tography analysis run time was 6 minutes. The chro-
matography column used was an HPLC Column C18,
46x100 mm, 5 um (GL Sciences™ Inc., Japan) placed
in a column thermostat maintaining temperature of
35 °C throughout the analytical cycle. The separation
was performed in isocratic elution mode (A:B =55:45);
mobile phase A was presented by 0.2 % H,PO, solution,
phase B - by acetonitrile.

Test procedures

Conditions of the dissolution kinetics comparison test
(DKCT) in SDS dissolution medium: The test was con-
ducted using a paddle stirrer rotating at 50 rpm. The
dissolution medium was 500 ml of 0.1 % sodium lau-
ryl sulphate solution in phosphate buffer solution with
pH 6.5, pre-heated at 37+ 0.5 °C under thermostatic
control. The sampling was performed at the following
time points: 10, 15, 20, 30, 45, 60, 80, 100, 120, 180 min.

Conditions of the DKCT in biorelevant media (BRM):
The test was conducted using a paddle stirrer rotating at
50 rpm. The biorelevant dissolution medium was 500 ml
of FaSSIF with pH 6.5, pre-heated at 37 +0.5 °C under
thermostatic control. The sampling was performed at
time points 10, 15, 20, 30, 45, 60, 80, 100, 120, 180 min.
The procedure for preparation of the dissolution me-
dium was as follows: 1000 ml of purified water was ad-
ded with 0.42 g of NaOH, 3.95 g of NaH,PO,, and 6.19 g
of NaCl. Then the pH value was measured and brought
to 6.5+ 0.05 with either 0.1 M solution of HCl or 0.1 M
solution of NaOH, as necessary. Then 500 ml of thus
obtained solution was added with 2.24 g of the powder
and thoroughly stirred, upon which it was added with
500 ml of the buffering solution.

Conditions of the physiologically relevant test (PRT)
arranged by the sequential scheme: The first section of
the test system contained a solution of 50 ml of FaSSGF
biorelevant dissolution medium and 250 ml of purified
water (a volume of water commonly used to wash down
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a tablet); the overall initial volume of this solution was
300 ml, the pH value was 2.84. The section simulating
the stomach was emptied according to the first-order
kinetics equation, the half-emptying time was 18 min,
and the time of complete emptying (to a residual volu-
me of 50 ml) was 38.6 min. The procedure for prepara-
tion of the FaSSGF dissolution medium was as follows:
1000 ml of hydrochloric acid solution was added with
2.00 g of NaCl, and then the pH value was measured
and brought to 2.0 £0.05 with 0.1 M solution of HCI,
as necessary. Thus obtained solution was added with
0.060 g of the powder for preparation of biorelevant
media and thoroughly stirred until completely dissol-
ved; the prepared solution was used within 24 hours.

The second section (simulating the duodenum) was
filled with FaSSIF biorelevant dissolution medium with
a pH value of 6.5 at the beginning of the test; its initial
volume was 75 ml and remained constant throughout
the test. The third section (simulating the intestine):
its volume was zero initially, but reached 390 ml by the
end of the test. The sampling time points were the sa-
me for all the chambers; the sampling was performed
atthe 5,10, 15, 20, 30, 35, 60, and 80th minute of the test.

Conditions of the physiologically relevant test (PRT)
arranged by the hybrid scheme: At the beginning of
the test, the first and third sections of the test sys-
tem were empty; the second section contained 50 ml
of FaSSGF biorelevant dissolution medium mixed with
250 ml of purified water (a glass of water used to
wash down a tablet), the overall initial volume of this
solution was 300 ml. This section, simulating the fas-
ting stomach, was emptied into the first beaker accor-
ding to the first-order kinetics equation for 40 min,
after which a secretion in the form of biorelevant
FaSSIF dissolution medium with a pH value of 6.5 be-
gan to flow into it. After the 45th minute of the test,
the entire volume of the FaSSGF biorelevant dissolu-
tion medium was transferred into the first section, and
it began to simulate the stomach; the second and
third sections, after transferring the secretion into the
second beaker and pumping the media from the first
to the third chamber, began to mimic the duodenum
and the intestine, respectively. During this process, a

"Dissolution” test

Figure 1. The stages of tests in pharmaceutical development

constant secretion of the FaSSIF medium into the se-
cond section at a rate of 1 ml/min and pumping at a
rate of 2 ml/min from one section to the other were
maintained. During the test, the time points of samp-
ling from different sections varied: thus, the sample
was taken from the first section at the 10, 20, 30, 40,
100, and 180th minute, and from the third section - at
the 60, 100, 120, 140, 160, and 180th minute.

In both tests, the paddle stirrer rotated at 25 rpm,
with periodical (once every 5 minutes for 15 seconds)
rotation acceleration up to 180 rpm in order to simulate
the actual gastrointestinal motility.

RESULTS AND DISCUSSION

Rivaroxaban belongs to BCS Class Il substances
with low water solubility and high permeability [10]. At
the same time, the substance is classified as Subclass

c" (non-ionizable substances), which indicates that
the solubility of the substance is not affected by the pH
throughout the gastrointestinal tract (GIT) [11]. Given
these particular properties, the substance requires careful
attention in pharmaceutical development and quality as-
sessment of the drug product.

The design of the experiment was drawn up in a re-
verse order, different from the sequential process of
pharmaceutical development (see Figure 1): following
unsatisfactory results in the clinical phase, a set of in
vitro tests were conducted for the batches that were
used in the clinical trial, aiming to identify the discri-
minate validity of the existing instruments and to as-
sess correlation with the results of the clinical part of
the study.

In the course of preclinical trials of the drug, a DKCT
test in compendial dissolution media was conducted ac-
cording to the requirements of regulatory documenta-
tion, where comparable results were obtained for the
drugs under study. Therefore, as a pilot experiment, a
test in 0.1 % sodium lauryl sulfate solution in phosphate
buffer solution with pH 6.5 was conducted, as this me-
dium is tentatively more discriminative due to the pre-
sence of surface active agents (surfactants). The resulting
release profiles are shown in Figure 2.

DKCT in BRM
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Figure 2. Results of DKCT in a 0.1 % sodium lauryl sulfate solution in a phosphate buffer solution pH 6.5

The analysis of the obtained data showed qualitative
and quantitative differences in release of the two drugs.
But, taking into account the specificity of media contain-
ing anionic surfactants caused by their poor physiological
adequacy, it was decided to use biorelevant dissolution
media that provide properties close to the conditions of
the human gastrointestinal tract.

Taking into account the BCS Class and Subclass of

dium simulating the intestinal secretion in fasting sta-
te) containing surfactants in the amount of 2.24 g per
1 liter of solution was selected. The quantification was
performed by the HPLC-UV method, since the substan-
ces included in the powder for preparation of biorele-
vant dissolution media absorb radiation in the ultravi-
olet region and may have a maximum similar to that of
the target analyte. The results obtained in DKCT in BRM

the substance, the FaSSIF dissolution medium (a me- for the 20 mg dosage are presented in Figure 3.
20 »\ —— O— —_—
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Figure 3. Results of the release of rivaroxaban at a dosage of 20 mg during DKCT in the BRM
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It may be noted that the results obtained in FaSSIF
and SDS media differ from each other; the release rate
of the reference drug decreased by half, but at the same
time the test drug was released better. Taking these
specifics into account, it was decided to apply PRT in
order to maximally recreate the conditions of the hu-
man gastrointestinal tract in vitro and, still more impor-
tant, to add the factor of physiological transit between
the test system sections.

In the two drugs trial, in addition to the classical
sequential test design (see Figure 4 A), a hybrid design
was used for the first time (Figure 4 B).

The use of a hybrid scheme is justified primarily
for drugs belonging to the BCS Subclass lla, which is
related to their poor solubility in acidic medium (the
first section of the PRT apparatus) and a decrease in
the degree of the active substance transfer to subse-
quent sections during the test. Furthermore, this scheme
is acceptable for drugs with a low rate of disintegration
of the dosage form, which leads to slower or no transit,
although transit of substances to subsequent sections
is not by any means limited in the human GIT. The use
of a hybrid scheme in the study of Rivaroxaban is justi-
fied due to its low solubility regardless of pH.

The resulting release profiles of Rivaroxaban for
the reference and test drugs in 10 mg dosage obtained
in DKCT arranged by the hybrid scheme are presen-
ted in Figures 5 and 6, respectively; the release pro-
files for 20 mg dosage are presented in Figures 7 and 8,
respectively.

~

-
E (@) (@]

<-——--

FaSSGF 3 chamber

1 chamber

FaSSiF

Mode 1

A

Figure 4. Operation modes:
A - sequential scheme; B - hybrid scheme

It may be noted that in the test arranged by the
sequential scheme there is no transit of the tested
drug to the subsequent sections, apparently due to
the low degradability of the tablet in the first section
of the apparatus, simulating the stomach. The results
of the PRT arranged by the hybrid scheme provided
more representative data allowing to predict the
pharmacokinetic profiles, which made possible to draw
a conclusion on comparability of the test results with
the clinical studies that were conducted for the studied
drug batches.

The prediction was based on the data on Rivaroxa-

ban molecule summarized in Table 1.

Table 1. Summary of parameters used in PBPK model

Parameter Value
MW 435.881 g/mol
Log P 1.74
Fraction unbound 5%
pKa 13.6
Dissolution at pH=7,0 10.0 ug/ml
Metabolizing enzymes CYP3A4, CYP2J2
Transport protein P-gp, BCRP
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Figure 5. Average dissolution profiles of rivaroxaban in "Xarelto® film-coated tablets, 10 mg" in three chambers of

the apparatus
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Figure 6. Average dissolution profiles of rivaroxaban in "Rivaroxaban, film-coated tablets, 10 mg" in three chambers of
the apparatus
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Figure 7. Average dissolution profiles of rivaroxaban in "Xarelto® film-coated tablets, 20 mg" in three chambers of
the apparatus
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Figure 8. Average dissolution profiles of rivaroxaban in "Rivaroxaban, film-coated tablets, 20 mg" in three chambers of
the apparatus
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Figure 9. Pharmacokinetic profiles test and reference drugs predicted by PBPK for dose 10 mg

For the simulation of the pharmacokinetic profiles,
a virtual population was used, consisting of 30 male
volunteers, white, at the age of 18 to 45, with body
mass index 18.5-29.9 kg/m? the drug was taken once
on an empty stomach; blood sampling was performed
within 48 hours. The parameters of the virtual popula-
tion were based on the volunteers data from the clini-
cal trials conducted.

The profiles for Rivaroxaban drugs at 10 mg dosa-
ge obtained by physiologically based pharmacokinetic
modeling and the clinical study are shown in Figures 9
and 10, respectively. For the 20 mg dosage, the mode-
led profiles and the profiles obtained from the clinical
trial are presented in Figures 11 and 12.

In the figures presented above, the disposition of
the profiles of the test and reference drugs relative to
each other is consistent between the modeled data
and the data obtained in the clinical study. The similar
relative disposition of the profiles is maintained within
the PBPK modeling for different dosages of Rivaro-
xaban (10 and 20 mg), despite the different schemes
of conducting the physiologically relevant tests. Ho-
wever, the differences between the test and reference

drugs are not reliable in the tests performed accor-

Mean drug plasma conc., N = 25

Tteatment: @ Referential “ Test

80- (\ilv

80-

Time after dosing, h

Figure 10. Pharmacokinetic profiles test and reference
drugs obtained during the clinical trial for dose 10 mg

ding to the classical sequential scheme, as the predic-
ted pharmacokinetic profile of the test drug goes
well below the profile obtained in the clinical trial of
the same drug.
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Figure 11. Pharmacokinetic profiles test and reference drugs predicted by PBPK for dose 20 mg
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Figure 12. Pharmacokinetic profiles test and reference
drugs obtained during the clinical trial for dose 20 mg

In order to assess the degree of difference between
the modeled data and the data from the clinical study,
the ratios of geometric mean values of pharmacokine-
tic parameters of the tested drug in relation to the re-
ference drug were calculated. Based on the values ob-
tained, the prediction error was calculated; the obtai-
ned results are summarized in Table 2.

Table 2. Values of the ratio of the geometric mean values
of the pharmacokinetic parameters of the studied drug
to the reference drug

“ H 2
i )
£ % g
e Fl T s
5 S E g9
2 £ . 3 £
g S 2 £
S E [ g = I:
c ) g k] E
s £ T8
g g &%
a a 8
Data for dose 10 mg
AUC, 77.95 56.63 -37.64
C.. 51.68 59.21 12.71
Data for dose 20 mg
AUC, 69.43 9.71 -614.83
C.. 64.12 9.84 -551.72

Because of the prediction data obtained for the
test drug at the 20 mg dosage, the prediction error (PE),
i.e. the discrepancy between the predicted data and
the clinical trial data, is so high (PE for AUC, ,=-14,83 %
and PE for C,..=—551,72%) that we can conclude

that the classical sequential scheme of PRT is not opti-
mal for the drug under test.



The prediction error for the C_ parameter for
10 mg dosage is close to 10 %, which appears to be
a more correct result (according to the regulatory re-
quirements for IVIVC, the mean absolute percent pre-
diction error for Cmax and AUC should not exceed
10%). For the AUC, , parameter, lower prediction ac-
curacy is observed, which in turn can be connected
with several factors:

1. In modeling, the time interval between the points
of plotting in all sections of the profile is the sa-
me, while the profiles obtained in clinical trials are
constructed by points at different time intervals,
which affects the shape of the profile in the elimi-
nation phase;

2. In the analysis of pharmacokinetic profiles obtained
from volunteers, cases of atypical form were noted,
but no such cases were observed within the pre-
dicted profiles obtained in the in vitro test.

The experimental results open up new ways to
improve in vitro testing and PBPK modeling with the
aim of predicting the results of pharmacokinetic stu-
dies with a high degree of confidence in prediction
assessment. It is also worth noting the importance of
an individualized scientific approach to the methodo-

logy of testing.

CONCLUSION

A set of in vitro PRT studies of the drug products
"Xarelto®" and "Rivaroxaban" was carried out. Quantifi-
cation was performed by validated SFM and HPLC-UV
methods.

In the process of studies of the domestically pro-
duced drugs "Rivaroxaban, film-coated tablets, 10 mg
and 20 mg", a DKCT test in medium containing SDS
solution was conducted, which showed extremely low
release and non-equivalence to the reference drug
"Xarelto®, film-coated tablets, 10 mg and 20 mg". In
order to further predict the behavior of the drugs "Ri-
varoxaban, film-coated tablets, 10 mg and 20 mg" and
"Xarelto®, film-coated tablets, 10 mg and 20 mg", a PRT
study was conducted, the results of which formed the
basis for a PBPK modeling study. The modeling results
were compared with the results of pharmacokinetics

Preclinical and clinical study
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of the studied drugs and the prediction error was cal-
culated for the ratio of geometric mean values of
pharmacokinetic parameters. For the 20 mg dosage,
it was 614.83 % for AUC_, and -551.72% for C.ov
for the 10 mg dosage, it was 37.64 % for AUC_ , and
1271 % forC__.
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