156

Preclinical and clinical study
Joknunuyeckue u KTUHUYecKue ucc1e008aHusA

Research article / OpueuHaneHaa cmames

M) Check for updates (cc) BY 4.0

UDC 615.074
https://doi.org/10.33380/2305-2066-2024-13-3-1890

Performing a physiologically relevant test for cladribine tablets

Polina A. Losenkova'2>¢, Danila D. Gvozdev"?2, Alexandra V. Suvorova?,
Yuri V. Medvedev'?, Victoria S. Shcherbakova*, Yuri G. Kazaishvili?,
Kira Ya. Zaslavskaya, Andrey M. Poluyanov™?, Igor E. Shohin?

1. M. Sechenov First MSMU of the Ministry of Health of the Russian Federation (Sechenov University). 8/2, Trubetskaya str.,
Moscow, 119991, Russia

2 Limited Liability Company "Scientific Compliance”. 1/2, 8, Simferopolsky bulvar, Moscow, 117246, Russia

3 Limited Liability Company "Center of Pharmaceutical Analytics" (LLC "CPHA"). 8, Simferopolsky bulvar, Moscow, 117246, Russia

4 Limited Liability Company "PROMOMED RUS". Office 13, 13/11, Prospekt Mira, Moscow, 129090, Russia

5 Federal State Budgetary Educational Institution of Higher Education "National Research Ogarev Mordovia State University". 68,
Bolshevistskaya str., Saransk, Republic of Mordovia, 430005, Russia

>4 Corresponding author: Polina A. Losenkova. E-mail: info@scientific-compliance.ru

ORCID: Polina A. Losenkova - https://orcid.org/0009-0005-2391-5267;
Danila D. Gvozdev - https://orcid.org/0009-0003-6024-6678;
Alexandra V. Suvorova - https://orcid.org/0000-0003-2611-501X;
Yuri V. Medvedev - https://orcid.org/0000-0001-6720-4954;
Victoria S. Shcherbakova - https://orcid.org/0000-0002-7251-8744;
Yuri G. Kazaishvili - https://orcid.org/0000-0003-0826-4177;

Kira Ya. Zaslavskaya - https://orcid.org/0000-0002-7348-9412;
Andrey M. Poluyanov - https://orcid.org/0000-0002-9960-6699;
Igor E. Shohin - https://orcid.org/0000-0002-1185-8630.

Received: 08.07.2024 Accepted: 14.08.2024 Published: 14.08.2024

Abstract

Introduction. The introduction of devices — analogues of GIS (hereinafter — Gastro-intestinal simulator) is one of the current
ways to develop in-vitro assessment of the quality of solid dosage forms. Testing on a physiologically relevant test device
(hereinafter referred to as PRT) makes it possible to predict pharmacokinetic profiles due to more relevant conditions, including
the use of biorelevant dissolution media, physiological volumes of the gastrointestinal tract, as well as transit between them.

Aim. Conduct a study of cladribine tablets on a physiologically relevant tester in order to predict the behavior of the drug
in the human gastrointestinal tract.

Materials and methods. The objects of the study are "Mavenclad® tablets, 10 mg" (series 2200754, expiration date until
04.2025, NERPHARMA, S.r.L., Italy) and "Cladribine, tablets, 10 mg" of Russia with valid expiration date. During the study,
the reagents necessary for the preparation of biorelevant dissolution media and assay by HPLC were used. Physiologically
relevant test were carried out using an apparatus of our own production, consisting of a DT-6 dissolution tester (ERWEKA GmbH,
Germany), a water bath equipped with a Thermomix WB-4 heating element (B.Braun, Germany), and peristaltic pumps
(Kamoer, China). The assay of released cladribine was assessed using a HPLC system "Khromatek-Kristall HPLC 2014"
(JSC CDO "Khromatek", Russia) using a validated method at a wavelength of 252 nm, analysis time - 7 min, column - Grace
HPLC Column Platinum C18-EPS, 250 X 4.6 mm, 5 mm (Grace, USA), temperature - 35 °C, elution mode - isocratic (A:B 80:20),
mobile phase A - 0.1 % H,PO, solution, phase B - acetonitrile.

Results and discussion. Profiles were obtained to assess the dynamics and degree of release of the studied drugs in various
parts of the human gastrointestinal tract. Despite the expected degradation of cladribine in an acidic environment (pH1.2),
under physiologically relevant conditions, the drug reached the third section (small intestine model) without degradation.
Complete release of cladribine from the test and reference dosage forms was observed. Also, in the future, based on the
data obtained, it is possible to predict pharmacokinetic profiles using physiologically based pharmacokinetic modeling
approaches.
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Conclusion. A PSF study was conducted for the drugs "Mavenclad® tablets, 10 mg" and "Cladribine, tablets, 10 mg". Assay
was carried out by HPLC-UV method. The test results showed complete release of both drugs and reaching the intestinal tract,
indicating the absence of degradation of cladribine in the region simulating the stomach.

Keywords: cladribine, physiologically relevant test, biorelevant media, HPLC-UV, FaSSIF, FaSSGF
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Pe3slome

BBepgeHme. BHegpeHune annapatoB - aHanoroB GIS (pmanee - Gastro-intestinal simulator) ABnAeTcA ogHUM M3 aKTyanbHbIX
nyTein PasBUTWA iN-Vitro-OUEeHKN KauyecTBa TBepAbIX JIeKapCTBEHHbIX GopM. McnbiTaHus Ha npubope ansa Gr3Monormyecku
peneBaHTHbIX TecToB (ganee — OPT) no3BonAlT npeackasatb GpapmMakoKMHeTUYecKre npodunm 3a cyeT 6onee peneBaHTHbIX
YCNOBWIA, Cpefin KOTOPbIX UCMONb30BaHUe GropeneBaHTHbIX Cpea pacTBopeHus, GpusnonornyHble obbembl otaenos KKT, a Takxe
TPaH3UT MeXAYy HAMW.

Lenb. MpoBectn nccnefoBaHve Tabnetok KnagpvbuHa Ha ¢Gpu3MONOrMyeckn peneBaHTHOM TecTepe C Lefblo NpefAckasaHus
nosefeHuA npenapata B XKT yenoseka.

MaTtepuanbl n metogbl. O6beKTamn nccnefoBaHua ABnaAlTcAa «MaBeHKNaa®, Tabnetku, 10 mr» (cepua 2200754, cpoK rogHoOCTU
go 04.2025, NERPHARMA, S.r.L., Utanua) n «KnagpnbuH, Tabnetkn, 10 Mr» oTeyecTBEHHOro NMPOW3BOACTBA C AEWCTBYIOLMM
CPOKOM FrofHOCTW. Bo Bpemsa mnccnefoBaHUs MCMNOMb30BaNUCh PeakTUBbI, HeobXxoanmble Ans MPUroTOBIeHUsA 6MopeneBaHTHbIX
cpen pacTBOPEHMA WM MPOBEAEHUA KONMMYECTBEHHOro onpegeneHna metogom BIXX. Ousmonornmuecku peneBaHTHbIA TecT
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NpoBOAMAM Ha annapate CO6CTBEHHOrO MPOU3BOLCTBA, COCTOALEM U3 TecTepa pacTBopeHusa DT-6 (ERWEKA GmbH, fepmaHus),
BOAAHOW 6aHW, OCHALLEeHHON HarpeBaTeNbHbIM d1emeHToM Thermomix WB-4 (B. Braun, lfepmaHus), HaCOCOB NepUCTanbTUYECKUX
(Kamoer, KuTain). KonnuectBeHHOe cofepkaHue BbicBOGOAMBLLErOCA KnagpubrHa oOueHUBanM Ha BblCOKOIPPEKTUBHOM
XNOKOCTHOM Xpomatorpade «Xpomatak-Kpuctann BIXKX 2014» (3A0 CKB «Xpomatak», Poccusi) no BanmanpoBaHHON MeTofunKe
npv AAviHe BOMHbI 252 HM, Bpema aHanu3a — 7 MuH, KonoHka — Grace HPLC Column Platinum C18-EPS, 250 X 4.6 MM, 5 Mm
(Grace, CLWIA), Temnepatypa — 35 °C, pexum 30MpoBaHMA — M30KpaTuyeckuin (A:B 80:20), noaBukHasa ¢aza A - 0,1%-n
pacteop H,PO,, $pasa B - auetoHutpun.

Pesynbratbl u o6cyxaeHue. bbiny nonyuyeHbl Npoduny, nos3ponsiole OLeHWTb AWHAMUKY U CTerneHb BbiICBOOOXAEHWA
uccnepyembix JIC B pasnuuHbix otgenax *KKT uenoBeka. HecMoTpsA Ha oXxupaemyio gerpafauunio KnagpubriHa B KUCIon cpepe
(pH 1,2), B dmM3mMonornueckn peneBaHTHbIX YCJIOBUAX MpenapaT JOCTUT TpeTbero othena (Mofenb TOHKOro KulleyHuka) 6es
gerpagaumun. Habnoganocb nonHoe BbICBOOOXAEHUE KnaAprubuHa 13 NekapCTBeHHOW GOpMbl sl TECTOBOrO U pedepeHTHOro
neKapCcTBEHHbIX MpenapaTtoB. Takke B AaNbHeNLWeM, UCXOAsS U3 MONYYEHHbIX AAHHbIX, MOXHO MpeAckasath GapMaKoOKUHETAYECKMe
npodunv Npu noMoLLy noaxonos G13nonormyeckm 060CHOBaHHOTO GapMakoKMHETNYECKOTO MOAENNMPOBAHUS.

3aknwueHue. lNposefeHo nccneposaHne OPT ana npenapatoB «MaBeHknan®, Tabnetku, 10 mr» u «KnagpubuH, TabneTtku,
10 mr». KonuuecTBeHHOe onpepeneHue nposoaunocb metogom BIXKX-YO. Mo pesynbTaTam UCNbITaHUA 6bio OTMEYEHO
NnosiHoe BbICBOGOXAeHME 060MX NpenapaToB 1 AOCTVXKEHME OTAeNa, UMUTUPYIOLLEro KULWEYHUK, YTO YKa3blBaeT Ha OTCYTCTBUE
Jerpagaunv KnagpubuHa B otaene, UMUTUPYIOLLEM >KeNYAOK.

KnioueBble cnoBa: knagpubuH, rsnonornyeckun peneBaHTHbIN TecT, 6ruopeneBaHTHble cpepbl, BIXX-YO, FaSSIF, FaSSGF

KOHGNUKT mHTepecoB. ABTOPbI AEKNApPVpPYIOT OTCYTCTBUE ABHBIX U MOTEHUMANbHbIX KOHQIMKTOB WHTEPECOB, CBA3aHHbIX C
ny6nvKaumen HacTosALLen cTaTby.

Bknag aBtopoB. A. M. MonyaHos n W.E. WoxnH npugymanu n paspabotanu skcnepumeHt. M. A. JloceHkoBa, [. . [Bo3ges,
A.B. CyBopoBa npoBenu ¢u3smonornyeckn penesaHTHbIn TecT. M. A. JloceHKoBa npoBoAWna KONMMYECTBEHHYIO OLEHKY
BbICBOOOXAEHNS METOAOM BbICOKOIhEKTUBHON XnAKoCcTHoN xpomatorpadum. M. A. JloceHkoBa u 0.B. MepBepnes
yyacTBoBanu B o6paboTke paHHbix. 0. Kasamwswmnu, K.f. 3acnaeckas, B.C. Llep6akosa, M. A. JloceHKoBa y4yacTBOBanu B
HanycaHUM TeKCTa cTaTby. Bce aBTOpbl y4acTBOBaNM B 06CYKAEHWNM Pe3ynbTaToB.

®uHaHcnpoBaHume. VccnefoBaHme NPoBeeHO B pamMmKax kommepueckon pabotbl OO0 «MTPOMOME[ PYCo.
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3acnasckan K. ., MonysaHos A. M., WoxuH W. E. MNMpoBefeHne ¢ursmonornyeckn peneBaHTHOro TecTa AnA Tabnetok KnagpubuHa.
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INTRODUCTION It is important that this kind of testing be per-

formed during pharmaceutical development of new

The implementation of devices similar to GIS drugs, especially if subsequent biowaiver study is fo-

is one of the relevant and effective ways of develop- reseen, which is allowed for the Biopharmaceutics

ment of modern in vitro studies of solid dosage form  (Classification System (BCS) Class | and Class Ill drugs.
drugs [1]. Physiologically relevant testing allows for As a BCS Il drug, Cladribine is one of the drugs

evaluation of drug release with a high level of discri- to Which the biowaiver procedure may be applied. It

mination. The advantage of this method is the use of should be noted that, due to higher pH in the mo-
, . . L , del chamber (section) simulating the stomach
biorelevant dissolution media simulating the compo- ] )
(pH 2.84), it becomes possible to conduct PRT for
sition of various sections of the gastrointestinal tract. . . . -
this molecule because, to literature data, in acidic

Such media are represented by Fasted State Simula- o 4ia Cladribine is degraded with formation of 2-

ted Intestinal Fluid (FaSS”:) and Fasted State Simulated ch|oro_6_aminopurin (Chemica| equation of Cladribine

Gastric Fluid (FaSSGF) [2, 3]. hydrolysis reaction is shown in Figure 1).
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Figure 1. Scheme of hydrolysis of the substance cladribine

MATERIALS AND METHODS
Objects of study

The objects of study were as follows: "Mavenclad®,
tablets, 10 mg" (series: 2200754, expiration date: 04.2025,
NERPHARMA, S.r.L., Italy), and "Cladribine, tablets, 10 mg"
(domestic production, expiration date: valid).

Reagents and solutions

The following reagents were used in the study:
purified water, type I; concentrated hydrochloric acid
(HCI), class "puriss." ("extra pure", LLC "Sigma Tec", Rus-
sia); concentrated orthophosphoric acid (H3PO4) con-
centrated (class "for HPLC", Scharlau, Spain); sodium
hydroxide (NaOH), class "p.a." ("GR for analysis",
LLC "Component-Reaktiv", Russia); sodium phosphate
dibasic (Na,HPO,), anhydrous, class "puriss." ("ext-
ra pure", LLC "Component-Reaktiv", Russia); sodium
chloride (Nacl), class "puriss." ("extra pure", LLC "Com-
ponent-Reaktiv", Russia); 3F Powder media prepara-
tion mix (Biorelevant, United Kingdom); acetonitrile
(ACN) (class "HPLC gradient grade", Biosolve, France).

We carried out the physiologically relevant test
using a test apparatus of our own assembly, consis-
ting of a DT-6 dissolution tester (ERWEKA GmbH, Ger-
many), a water bath equipped with a Thermomix
WB-4 heating element (B. Braun, Germany), and pe-
ristaltic pumps (Kamoer, China). Chromatographic
separation and evaluation of quantitative content of
Cladribine were carried out using a high-efficient li-
quid chromatograph "Khromatek-Kristall HPLC 2014"
(JSC CDO "Khromatek", Russia) set at wavelength of
252 nm. Analysis run time reached 7 minutes. The
column used was Grace HPLC Column Platinum
C18-EPS, 250 x 4.6 mm, 5 mm (Grace, USA) placed in
a column thermostat maintaining temperature of
35 °C throughout the analytical cycle. Separation
was performed in isocratic elution mode (A:B 80:20);
mobile phase A was presented by 0.1% H,PO, so-

\
aS
—
b4
NS
QY

lution, phase B - by acetonitrile. Before the analysis,
the procedure was validated by the following para-
meters: "specificity”, "calibration curve (linearity)",
"accuracy and repeatability", "
on different days", "stability". Analytical range of the

method was from 0.0025 mg/ml to 2.0000 mg/ml.

accuracy and precision

RESULTS AND DISCUSSION

In the course of the study, samples obtained by
PRT of Cladribine preparations were analyzed; assay was
carried out by HPLC method.

PRT Procedure

In the experiment, the release of the drug was
evaluated taking into account the physiological transit
within the human GIT. Schematic view of the test
apparatus is shown in Figure 2.

For the first chamber (section) of the test system
we used FaSSGF solution - a biorelevant dissolution
medium simulating the composition of gastric fluid in
fasted state with a pH value of 2.0. To 50 ml of solu-
tion 250 ml of purified water was added (the volu-
me corresponds to the amount of water that is usually
washed down with a tablet). Total starting volume
was 300 ml, and pH value of the solution was 2.84,

-
E (@) (@]

Y /’1= - \\‘ \\\‘
! 1
! <) J
k 1
v v
A —

||
2 chamber
FaSSGF 1 chamber FassiF > chamber

Figure 2. Scheme of apparatus
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which corresponds to literature data on pH values
of the stomach of healthy people [4-6]. The chamber
simulating the stomach was drained according to the
equation of first order kinetics, gastric half-emptying
time was 18 minutes, while complete emptying time
(to residual volume of 50 ml) was 38.6 minutes [7]. It
should be noted that the stomach emptying rate affects
the time that takes for an oral drug form to reach the
small intestine, which, in its turn, limits absorption of
the active substance by intestinal enterocytes.

For simulation of physiological conditions of duo-
denum, biorelevant solution medium FaSSIF with a
pH value of 6.5 was selected. The starting volume re-
mained constant throughout the test at 75 ml, which
corresponds to physiological capacity of the duode-
num [7, 8].

The third chamber, simulating the intestine, serves
as a receiver of the content of the second chamber,
so the starting volume was zero, but by the end of
the test it reached 390 ml.

During the test, permanent secretion of FaSSGF
and FaSSIF solutions into the first and second chambers
was carried out with a rate of 1 ml/min. Figure 3 shows
the curves representing the actual amounts of the
fluids in different chambers of the apparatus at diffe-
rent time points.

Within each chamber a pH meter electrode was
placed to measure and record pH values at each samp-
ling time point (Figure 4).

Mixing of the fluids was carried out by type Il
(paddle) the
form of two rota-

modification in
(Figure 5). The
tion speed of the paddle was 25 rpm; in order to si-

apparatus with a

round holes

mulate the actual gastrointestinal motility, "burst" mo-
de of rotation rate acceleration was activated, so
that every 5 minutes the speed of paddle rotation
increased to reach 180 rpm, then remained constant
at that rate for 15 sec, and then the conditions returned
to their initial state [7, 8].

400
350
300 €
250
[
€
3
o
> 200
150
100
€
50 & @ ©
0
0 10 20 30 50 60 70 80 90
Time, min

—o— Chamber 1 —e— Chamber 2

Figure 3. Diagram of volumes

—o— Chamber 3
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[ve]
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Figure 4. The pH value in each of the chambers

Figure 5. Shape of the PRT paddle

The sampling time points - 10, 15, 20, 25, 30,
45, 60, and 80 minutes - were selected in such a
way as to ensure a complete dissolution profile
of the studied drugs in each section of the sys-
tem, with due account for the time of transit through
the human gastrointestinal tract.

Assay was carried out in accordance with a develo-
ped and validated HPLC-UV procedure. In all studied
samples, a single peak was observed with a retention
time of about 4.25 min; an example of the chroma-
togram is shown in Figure 6. Each sample was evalua-
ted for concentration, which was then used for plotting
the release profiles (represented in Figures 7 and 8).

It is worth noting that in preliminary tests of
Cladribine tablets this substance was found to deg-
rade in a compendial dissolution medium with
pH 1.2. In this PRT study, we used a pH 2.84 medium
to simulate the human fasting stomach after taking
a tablet with water, which is more consistent
with the real conditions of the human organism.
We used a medium having pH of 2.84, which
is more relevant to the actual conditions of the hu-
man organism. The time the drugs spent in the
stomach simulating chamber was 40 minutes with
gastric half-emptying time equal to 18 minutes, and
it was found that in these conditions the substance
did not disintegrate and passed to the third section
of the apparatus in an unchanged state.
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Figure 6. Sample of chromatogram

-+~ Mavenclad®, tablets, 10 mg, 1 chamber

- Mavenclad®, tablets, 10 mg, 2 chamber

% released

| *Mavenclad®, tablets, 10 mg, 3 chamber

Time, min

Figure 7. Averaged profiles of the dissolution of cladribine in the drug "Mavenclad®, tablets, 10 mg" in three chambers of
the apparatus

Since the classical methods of assessing the equi- reference drug was proven and evaluated by the rate
valence of dissolution profiles are not applicable to  of substance transfer and completeness of release in
PRT study (for example, f2, due to parabolic shape of the third section of the test apparatus simulating the
this profile), comparability of the drug under test and intestine, where the substance is absorbed. The data
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Figure 8. Averaged profiles of the dissolution of cladribine in the drug "Cladribine, tablets, 10 mg" in Three chambers

of the apparatus

obtained allows predicting pharmacokinetic profiles
through physiologically based pharmacokinetic mode-
ling approaches and with the help of such programs
as PK Quest, Gastro Plus, PK-sim, and SimCyp.

CONCLUSION

A PRT study of the drug products "Mavenclad®,
tablets, 10 mg" and "Cladribine, tablets, 10 mg" was
conducted. Assay was carried out in accordance with
HPLC-UV validated procedure. Following the test re-
sults, it was recorded that Cladribine reached the
third section of the test apparatus and was relea-
sed completely from the dosage form for both the
drug being tested and reference drug under physio-
logically relevant conditions, which allows to conclude
their comparability in physiologically relevant con-
ditions.
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