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Abstract

Introduction. The use of tofacitinib as a pharmacological treatment for rheumatoid arthritis remains relevant in the light of the predicted
increase in prevalence of the disease. At the same time, due to the withdrawal of several foreign pharmaceutical companies from the Russian
pharmaceutical market, there has been a heightened demand for domestically produced medications, including generic formulations
of tofacitinib. Registration of generic drugs necessitates the conduct of bioanalytical studies. Development and validation of a method for
quantifying the analyte in biosamples remains to be a crucial part of the bioequivalence studies.

Aim. The aim of this research is to develop and validate a method for the quantitative determination of tofacitinib in human plasma using
high-performance liquid chromatography as the separation system coupled with a tandem mass spectrometer for detection purposes.

Materials and methods. Biosample preparation was based on plasma proteins precipitation using acetonitrile. Baricitinib was selected
as an internal standard. The analytical range of the method was 1.00 to 200.00 ng/mL and was further expanded to 0.30 to 200.00 ng/mL
during the analytical phase of the study. The mobile phase consisted of water and acetonitrile, both acidified with formic acid (0.1 % v/v). The
stationary phase was a Phenomenex Kinetex C,; column [100 x 3.0 mm, with a particle size of 5 um (Phenomenex, USA)l. Sample separation
and detection were carried out using high-performance liquid chromatography coupled with a tandem mass spectrometry (HPLC-MS/MS),
operating in positive ion mode. The multiple reaction monitoring (MRM) transitions selected for the analyte and the internal standard were
313.30 to 173.00 m/z and 371.90 to 186.00 m/z, respectively.

Results and discussion. The developed assay was validated in accordance with the current requirements of regulatory documentation
from the EAEU (Eurasian Economic Union), FDA (US Food and Drug Administration), and EMA (European Medicines Agency) with the following
parameters being evaluated: selectivity, specificity, carry-over, matrix effect, recovery, calibration curve, lower limit of quantitation, accuracy,
precision, stability. The validated method was applied in the analytical part of a bioequivalence study of domestically produced generic
tofacitinib.

Conclusion. A method for the quantitative determination of tofacitinib in human blood plasma with an analytical range of 0.30-200.00 ng/mL
was developed and validated. Application of the assay during the analytical phase of bioequivalence study of generic tofacitinib confirms the
possibility of using the method in similar bioanalytical investigations.
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Pesiome

BBepeHume. lprmeHeHne TodaunTMHUOA B MELMKAMEHTO3HOM JleYeHUM PEeBMaTOUAHOTO apTpuTa He TepseT aKTyalbHOCTM B CBA3U C
NPOrHO3MpyemMbIM POCTOM PacnpPOCTPAHEHHOCTW JaHHOro 3aboneBaHusA. BmecTe c Tem, B pesynbTaTe yxoAa MHOTMX 3apybeXHblX KOMMaHMUi
¢ papmMaLeBTNYECKOro pbiHKa Poccum BO3HMK CMPOC Ha BbINYCK JIEKAPCTBEHHBIX MpPenapaToB OTeYeCTBEHHOro MPOW3BOACTBA, B TOM uucie
BOCMPOU3BefeHHbIX npenapatoB TodaunTUHNGa, ANA perncTpaunm KOTopbix 06A3aTeNibHO MpoBefeHVe GMOAHANUTUYECKUX WNCCIefoBaHUA.
Heob6xoanMoi YacTblo aHaNMTUYECKOro 3Tana M3y4yeHns 6UOo3KBUBaNEHTHOCTU ABNAETCA pa3paboTka U Banupaauma METOAUKM KOJIMYECTBEHHOTO
onpefeneHns aHann3npyemoro BeLLecTsa.

Llenb. Llenbio fJaHHOro MccnefoBaHUA ABNSAETCA pa3paboTka U Banujaumna METOAUKU KOIMYECTBEHHOro onpeaeneHns TodaunTmHnba B nnasme
KPOBUW YenoBeKa C WCMONb30BaHMEM BblCOKOIDDEKTUBHON KUAKOCTHOW XpomaTorpadun B KayecTBe CUCTEMbI pasfeneHns U TaHOEeMHOro
MacCcC-CNeKTPOMeTpa B KauecTBe MeToAa AeTEKTUPOBAHNA.

Matepumanbl n metogbl. [TpobonoarotoBka 6MO006Pa3LOB Oblfla OCHOBAHA Ha OCaXAEHUN GENKOB MAa3Mbl KPOBU aLETOHUTPUSIOM. B KauecTBe
BHYTPEHHero cTaHgapTa 6bu1 Bbi6paH 6apuunTMHNG. AHANUTUYECKWIA frana3oH mMeToaukn coctaBun 1,00-200,00 HI/MA 1 B AanbHenwem npu
NpoBefeHNN aHaNNTUYECKOro 3Tana MccieaoBaHma 6bin pacwmpeH ao 0,30-200,00 Hr/mn. MoasuxHasa dasa BKOYana BOAy U aLeTOHUTPUA,
NOAKUCIEHHbIE MyPaBbUHOW KUCNoToM o 3HaueHns 0,1 % o06. HenoapuxHasA dpasa bbina npepctaneHa Phenomenex Kinetex Cm, 100 x 3,0 MM, 5 MKM
(Phenomenex, CLLIA). Pa3geneHune n geTekTmpoBaHue npob NpoBogMan B CUCTEME BbICOKOIDDEKTUBHOIO XKMAKOCTHOIO XpomaTorpada ¢ TaHAEMHbIM
Macc-CneKTpoMeTpryeckum aetektopom (BIXMKX-MC/MC) B NONOXUTENBHOM peXume MoHW3aumu. [Ina aHanuta n BHyTPeHHero cTaHaapTa 6bin
nopo6paHbl cnepytowme MRM-nepexopbi: 313,30 — 173,00 m/z, 371,90 — 186,00 m/z COOTBETCTBEHHO.

PesynbTatbl  06cypaeHmne. PaspaboTaHHas MeTofuKa bbina BanuampoBaHa cornacHo AeNCTBYOLMM TpeboBaHMAM HOPMATVMBHOWN AOKYMEHTaLMK
EASC, FDA, EMA no cnegyowmm napameTpam: CeNleKTUBHOCTb, cneunduyHocTb, 3ddeKkT nepeHoca, 3ddekT maTpuubl, CTeNeHb M3BMIEYEHN ,
rpaflyMpoBOYHasA KpMBas, HUXKHWI Npefen KONMYeCTBEHHOro onpefeneHns, TOYHOCTb, NPeLr3noHHOCTb, cTabunbHocTb. [NpoBeseHa anpobauusn
METOAUKYM B PaMKaX aHaMTUYeCKOro dTana NCccnefoBaHus.

3aknwuyeHune. PaspaboTaHa M BanupgupoBaHa ObiCTpasd, HETPYAOEMKas W YyBCTBUTENIbHas METOAMKA KOJIMYECTBEHHOTO OMpeaenieHus
TopaunTUHNGA B NNiasme KPOBK YesioBeKa C MOATBEPXKAEHHbIM aHANUTMYeCKUM amnanasoHom 0,30-200,00 Hr/mn. Anpobauuns MeToauku npu
NpoBeAeHUN aHaNMTNYECKOro STana M3yvyeHus 6UO03KBMBANEHTHOCTM npenapata TodaunTMHWOa NOATBEPKAAET BO3MOXHOCTb MCMOSb30BaHWSA
METOAUKM B MOJOOHbIX 6LUOAHANNTUYECKMX UCCIEA0BAHMAX.

KnioueBble cnoBa: TodbauntnHmo, Banuaaums, BOXX-MC/MC, 61o3KBMBaneHTHOCTb, PapMaKOKUHETUKA, BrioaHanMTMyeckme nccneqoBaHmns

KoH$pnuKT nHTepecoB. ABTOpbI AeKNaprpyoT OTCYTCTBUE ABHBIX U MOTEHLMANbHBIX KOHIMKTOB MHTEPECOB, CBA3aHHbIX C Mybnukaumeid HacToALen
cTaTbm.

Bknap aBToposB. T. H. Komapos, O. A. Apuakosa, IN. K. KapHakoBa, E. C. BeTpoBa yuacTBoBanu B pa3paboTke 1 Banmpaumm 61MoaHanntTuyeckom
MeTOAMKW, a TakXe B NPOBEAEHUN aHanutTuyeckom yactu uccnepgosaHma. H.C. baraesa, K.K. KapHakoBa mpoBOAvnn CTaTUCTUYECKYIO
06paboTKy faHHbIx. M. O. Monoga, A. A. llonoBa oTBeYan 3a Ka4ecTBO AaHHbIX U OpraHM3aLmio CUCTeMbl MeHeXMeHTa KauecTsa. U. E. LoxuH
OTBeYan 3a OpraHM3aUVoOHHYI0 YacTb UCCNefoBaHuA. Bce BbilieyKa3zaHHble aBTOPbl Y4acTBOBANM B 0OCYXAEHUM NONMYyUYeHHbIX Pe3yNbTaToB B
bopme HayuHON fncKyccun.
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INTRODUCTION According to estimates made by foreign researchers, the
number of individuals suffering from various forms of

Rheumatoid arthritis is a type of autoimmune inflam- . pathology, considering the prevalence of the con-
matory rheumatic disease [1] that has seen an increase  dition and socio-demographic index, will exceed 25 mil-
in global incidence over the past three decades by more  |ion in the near future [2]. Despite the predicted increase
than 120 %, reaching almost 18 million cases in 2020. in rheumatoid arthritis prevalence, there has been a



consistent reduction in disease severity over the last
three decades. This is attributed to scientific discoveries
in medicine that have allowed for changes in treatment
approaches and improved patient support during the
treatment process [3]. It is important to acknowledge
that the risk group encompasses residents of industria-
lized nations, who are subject to certain controllable
risk factors linked to lifestyle, environmental contami-
nation, and other factors. Uncontrollable factors include
gender (the incidence is higher in women), age (over
sixty years)', and a genetic predisposition [3, 4]. Given
these considerations, the issue of rheumatoid arthritis
management remains pertinent today.

Tofacitinib is a drug that has been approved for use
as a treatment of various diseases, including rheu-
matoid and psoriatic arthritis, as well as ulcerative coli-
tis [1]. The efficacy of tofacitinib in treating these con-
ditions is based on its ability to bind reversibly to the
Janus kinase (JAK) site, thereby blocking the signaling
pathways from cytokine receptors (such as those of the
interleukin-6 (IL-6) family) and interferon to intracellu-
lar transcription factors [1, 4]. Rheumatoid and psoria-
tic arthritis involve inflammatory processes that activate
these signaling pathways, leading to an increase in the
levels of certain substances. For example, the concentra-
tion of interleukin-6 can increase from picogram levels
in the healthy state to microgram levels during inflam-
mation [5]. In addition to its effect on interferons, tofa-
citinib also inhibits the activity of T-lymphocytes. By
affecting the transmission of interferon-mediated sig-
nals, it helps prevent the development of pathological
changes in skin and bone tissue that are characteristic
to rheumatoid and psoriatic arthritis [6]. Therefore, to-
facitinib can be an effective and safe option for the
treatment of these conditions in pharmacotherapy [1, 6].

Since the end of February 2022, several foreign
pharmaceutical companies have withdrawn from the
domestic market, along with the ceasing the internatio-
nal clinical trials and the reduction in the availability of
raw materials and commodities essential for drug pro-
duction in Russia®. Despite this, there has been an
increase in demand for imported and locally produced
drugs, with sales increasing by more than 20 % since
October 20223, Given this situation, it has become more
significant to address the issue of expanding the market
for domestic pharmaceutical products, as well as through
the development and marketing of generic drugs. Ho-

' Rheumatoid arthritis. World Health Organization. Avai-
lable at: https://www.who.int/ru/news-room/fact-sheets/detail/
rheumatoid-arthritis. Accessed: 26.03.2024.

2Will we be left without medicinal products: what is hap-
pening to the Russian pharmaceutical market after the sanc-
tions? Available at: https://fedpress.ru/article/3243884. Ac-
cessed: 26.03.2024.

* Pharmaceutical market in Russia: October 2023. DSM
Group. Analytical reports. Available at: https://dsm.ru/docs/
analytics/october23.pdf. Accessed: 26.03.2024.
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wever, this process requires bioanalytical testing to
ensure the safety and efficacy of these products.

The aim of this study was to develop and validate a
rapid, non-labor-intensive, sufficiently sensitive method
for the quantification of tofacitinib, using high-perfor-
mance liquid chromatography (HPLC) with a tandem
mass spectrometry (MS/MS) detector, based on litera-
ture data analysis to assess the feasibility of conducting a
bioequivalence study.

MATERIALS AND METHODS

Reagents and Solutions

Acetonitrile (Biosolve Chimie, Netherlands) of
«HPLC-S Gradient grade» purity was used to prepare
the eluents. Mobile phase was composed of formic ac-
id with a purity of 98 %, which was produced by PanRe-
ac, Germany and AppliChem, Spain. Additionally, demine-
ralized water was used, which was obtained using the
Hydrolab R5 water purification system from Poland.
The use of ultrapure reagents is not required for samp-
le preparation, so acetonitrile with a purity of «reagent
grade» produced by Komponent-Reactiv, Russia was
used as the precipitant.

The tofacitinib citrate reference standard with a pu-
rity of 100.40 %, used for the preparation of stock stan-
dard solutions (SSs), was provided by Metrochem Api
Private Limited, India. The baricitinib reference standard
(internal standard, 1S) with a purity of 99.78 % was sup-
plied by Shanghai Famo Biotechnology Co. Ltd., China.
Quantities of these substances were transferred into
100.0 mL volumetric flask to prepare tofacitinib (TOF)
SS and 50.00 mL volumetric flask to prepare baricitinib
(BAR) SS. By dissolving 16.1 mg of tofacitinib citrate and
10.0 mg of baricitinib in appropriate volumes of pure
methanol of «special purity grade» for gradient HPLC»
(Himmed, Russia), solutions of TOF and BAR were pre-
pared with concentrations of 100000.00 ng/mL and
200 000.00 ng/mL, respectively. Analyte working stan-
dard solutions (WSs), applied for the preparation of ca-
libration samples (CSs) and quality control samples (QCs),
were obtained by transferring the appropriate volumes
of TOF SS into volumetric flasks. The IS WS was prepa-
red using the same methodology. The first level of CS
concentrations corresponded to the lower limit of quan-
tification (LLOQ), the last level of CS concentrations (8t
for validation cycles 1, 2, 3, 5; 9t for validation cycle 4)
corresponded to the upper limit of quantification (ULOQ).
QGs included LLOQ, a low concentration level (L), three
medium concentration levels (M1, M2, M3), and a high
concentration level (H). CS and QC concentrations ob-
tained by adding a specified volumes of WSs to blood
plasma are presented in Table 1.

Eluents A and B for the mobile phase were prepared
by combining 1000 uL of formic acid (FA) with 500 mL
of solvent (demineralized water or acetonitrile, respec-
tively), followed by adjusting the volume to 1000 mL.
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Table 1. Concentration levels of calibration standards and quality control samples

Calibration standards for 1-3 validation cycles 1 2 3 4 5 6 7 8
Calibration standards for the 4th validation cycle 1 2 3 4 5 6 7 8 9
TOF concentration, ng/mL 0.30 1.00 2.50 5.00 10.00 25.00 50.00 | 100.00 |200.00
BAR concentration, ng/mL 150.00
Number of the validation cycle

Quality control samples 1,2,3,5 1,2,3,5 4 1-4

LLOQ LLOQ L L M1 M2 M3 H
TOF concentration, ng/mL 1.00 0.30 3.00 0.90 6.00 30.00 120.00 150.00
BAR concentration, ng/mL 150.00

Procedure for processing plasma samples

Intact blood plasma (IBP), hemolytic intact blood
plasma (HBP), and lipemic intact blood plasma (LBP)
were used for validation purposes. The procedure for
preparing plasma samples was carried out using a me-
thod that involves the precipitation of biological mat-
rix proteins using acetonitrile (ACN). The first step of
the sample preparation process involved transferring
a specified amount of each matrix to Eppendorf tubes.
The samples were then processed according to the
steps described in Figure 1. After completing the samp-
le preparation, chromatographic vials containing pre-
pared samples were placed in the autosampler. Once
the samples had reached the temperature set by the
operator within the device’s storage compartment, ana-
lysis could commence.

Apparatus and Chromatographic Conditions

The Nexera XR HPLC system (Shimadzu Corporation,
Japan) was employed to separate substances in samples.
The chromatographic system comprised the following

Samples from volunteers +10 pLof IS
200 pl of IBP
Transfer of supernatant
into chromatographic
vials

m— I —— ——
IBP/
HBP /

LBP
Calibration samples, quality
control samples +10 L of WS

R ———
190 pL of IBP

Figure 1. Sample preparation scheme

+10 uL of IS
————

components: a unit for the preparation and supply of a
mobile phase with a specific composition, an autosampler
integrated with an external sample loader (rack changer),
a column module equipped with a thermostat, and a
high-pressure switching valve.

The separation was achieved using a Phenomenex
C,; pre-column (4 x 3.0 mm) and a Phenomenex Kinetex
C,; analytical column (100X 3.0 mm, 5 pm) (Phenome-
nex, USA). Target substances were eluted using a gra-
dient mobile phase elution mode (GRAD) as shown in
Figure 2, with a flow rate of 1 mL/min during the entire
sample analysis period.

Mass spectrometric detection conditions

After elution, the substances were introduced into
a Shimadzu LCMS-8040 triple quadrupole mass se-
lective detector for electric field spray ionization (ESI)
analysis. Detection parameters are summarized in Tab-
le 2 below.

LabSolutions software (Ver. 5.91) (Shimadzu Corpo-
ration, Japan) was used to process the raw data obtained
from the detection results.

+10 pL of ACN

Centrifugation for

15 min at 15000 g Vortex for 10 s

+400 ulL of ACN
_




Eluent B content, %

0.00 050 1.00 150 2.00 250 3.00 3.50 4.00 4.50 5.00 5.50
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Chromatogram acquisition time, min

Figure 2. Composition of the mobile phase during gradient elution

Table 2. Tofacitinib and baricitinib detection parameters

Detection lonization Nebulizing gas, | Desolvation gas, | ESI temperature, | Parention, Production, Capillary
parameters mode L/min L/min °C m/z m/z voltage, kV
TOF 313.30 173.00
+ 3 20 400 +4.5
BAR 371.90 186.00

Validation of the Bioanalytical Method

Method validation was carried out in accordance
with the regulations for bioequivalence studies of medi-
cinal products approved within the EAEU’, the guideli-
nes for the validation of bioanalytical methods by
FDA? and EMA3,

The parameters that need to be evaluated in order
to carry out a full validation of an analytical method in
accordance with the listed documentation are shown
in Figure 3, together with the samples and acceptance
criteria (AC) required for the analysis.

When validating the parameter «Stability» it is ne-
cessary to assess several stability types. These forms of
stability are evaluated by subjecting the samples that
have been stored under different specific conditions to
analysis, as shown in Figure 4.

'Rules for Conducting Bioequivalence Studies of Medic-
inal Products within the Eurasian Economic Union (Approved
by Decision N 85 of the Council of the Eurasian Economic Com-
mission of 03.11.2016). Available at: https://docs.cntd.ru/docu-
ment/456026107/ Accessed: 26.03.2024.

2 Bioanalytical Method Validation. Guidance for Industry.
U.S. Food and Drug Administration, Center for Drug Evolution
and Research (CDER). Available at: https://www.fda.gov/regula-
tory-information/search-fda-guidance-documents/bioanalyti-
cal-method-validation-guidance-industry/ Accessed: 26.03.2024.

3 Guidline on bioanalytical method validation. European
Medicines Agency. Committee for medicinal products for hu-
man use. Available at: https://www.ema.europa.eu/en/bioana-
lytical-method-validation/ Accessed: 26.03.2024.

RESULTS AND DISCUSSION
Literature review

Table 3 summarizes the methods employed for the
quantitative determination of TOF in human biological
fluids (blood plasma, blood serum, urine). Most of the
reviewed studies utilized the HPLC-MS/MS method,
with the analyte being ionized via electrospray or Tur-
bolonSpray in positive mode. Additionally, a technique
has been developed for the measurement of the tar-
get compound in plasma using ultra-performance liquid
chromatography coupled with tandem mass spectro-
metry (UPLC-MS/MS) [7].

Literature analysis demonstrates that elution is ty-
pically conducted in an isocratic mode (ISO) [7-14]. The
solvents in the mobile phase are most often modified
with ammonium salts [7, 9-14] or acetic acid (AA) [7].
Additionally, there are two methods using classical
eluents: water acidified with formic acid (FA) (eluent A)
and acetonitrile acidified with FA (eluent B) [8, 15]. This
composition of both eluents facilitates research and
analysis.

In the methods presented, complex sample prepa-
ration procedures predominate, including solid-phase
extraction (SPE) [9-12], which requires the use of a sig-
nificant amount of expensive reagents and supplies. Li-
quid-liquid extraction (LLE) [7, 13, 14] also necessitates
specialized equipment such as an evaporator. A modifi-
cation of the precipitation method, which involves di-
lution of samples with ultrapure water at the end of the
sample preparation process [15], should be noted. Pro-
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Acceptance criteria

Analyte and IS signal ratios

Analyte signal in blank samples should be <20 %
LLOQ. 5% in case of IS

Relative standard deviation, RSD

RSD < 20 % for LLOQ samples; RSD < 15 % for other
samples

Relative error, E

E <20 % for LLOQ samples; E < 15 % for other
samples

Validation parameters

Selectivity

¢ 6 different IBP samples

¢ 6 different HBP samples

¢ 6 different LBP samples
+  LLOQ (IBP, HBP, LBP)

Carry-over

¢ IBP sample following ULOQ
¢ LLOQ

Reference sample / Specificity

¢ LLOQ
¢ IBPsample +1S

* IBP sample + analyte

Recovery Lower limit of Calibration curve
* 3 BPsamples + analyte (QC) + IS quantification ¢ IBP sample
* 3 HBP samples + analyte (QC) + IS « IBPsample + * IBPsample +1S
+  3LBPsamples +analyte (QC) +1s  analyte (level 1) +1S *  6and more IBP samples +
analyte + 1S
Precision Accuracy

¢ 5IBP samples + analyte (LLOQ, QC) + IS

Matrix Effect

¢ 6 different IBP samples + analyte (L, H) + IS
¢ 6 different HBP samples + analyte (L, H) + IS
* 6 different LBP samples + analyte (L, H) + IS

* 6 solvent samples + analyte (L, H) + IS

Figure 3. Validation parameters and acceptance criteria

| Short-term / bench-top stability

¢ Analyzed: freshly prepared samples

* 5IBP samples + analyte (LLOQ, QC) + IS

Stability

¢ 5IBP samples + analyte (L, H) + IS

¢ Temperature: under sample preparation conditions (20 £ 5 °C)

Autosampler / Postpreparative
stability

(5+3°C)

* Analyzed: samples in the analyzer storage compartment (chromatograph autosampler)

* Temperature: set in the analyzer storage compartment (chromatograph autosampler)

Stability

Stock and working solutions
A stability

* Temperature: -42.5+7.5°C

* Analyzed: samples prepared using SS and WS stored frozen

Freeze-thaw stability

thawing for at least 6 h

¢ Analyzed: samples that have undergone 3 cycles of freezing for at least 36 h and

¢ Analyzed: samples that have undergone 5 cycles of freezing for at least 60 h and
thawing for at least 10 h

* Temperature: freezing: -42.5 + 7.5 °C; thawing: 20+ 5 °C

Long-term stability

* Analyzed: frozen samples throughout the study period
* Temperature: -20 + 5 °C; -75+ 10 °C

Figure 4. Assessment conditions for different types of stability

tein precipitation remains to be the simplest, fastest,
and least expensive method for sample preparation using
an organic solvent such as ACN or methanol (MeOH) [8].
The most sensitive method reported in literature
for the determination of tofacitinib in human plasma
is a UPLC-MS/MS-assay with a lower detection limit of
0.05 ng/mL. This assay is highly sensitive, but it requires
specialized UPLC equipment that may not be available
in most laboratories. Developing an alternative method

that is more accessible and easier to use, while maintai-
ning similar sensitivity, would be of significant interest.
HPLC-MS/MS method has proven to be reliable and
accurate and therefore could be a promising alternative.

Method development

HPLC-MS/MS method development involves the se-

lection of mass spectrometry parameters and chroma-
tographic conditions.
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In the first step, a suitable IS was selected based on
the physicochemical properties of the analyte. Acid dis-
sociation constant (pKa) values, octanol/water partition
coefficients (logP) and the structure of the compounds
were taken into the consideration when deciding on
an IS that is similar to TOF (see Table 4). Baricitinib was
opted for as a suitable IS for the current study.

The development of mass-spectrometry conditions
was performed using the multiple reaction monitoring
(MRM) method, which allows for the identification of
a specific fragmentation pathway of the parent ion of a
substance, resulting in products with different masses.
The resulting MRM-transitions for TOF are the following:
313.30 to 173.00 m/z and for BAR: 371.90 to 186.00 m/z.
In order to increase the signal intensity of the analyte
and IS, the optimization of several mass spectrometric
parameters was carried out, including MRM-transitions,
collision energy, quadrupole, desolvation line and needle
voltages.

After selecting the conditions that maximize peak
intensities for mass spectrometry detection, it is essential
to determine the chromatographic parameters that
enable effective separation of a biological sample.

For stationary phase a Phenomenex Kinetex C
column (100 x 3.0 mm, with a particle size of 5 um) was
employed. The mobile phase constituted of 0.1 % formic
acid-water solution (eluent A) and 0.1 % formic acid-
acetonitrile solution (eluent B). Elution was performed
in gradient mode, which allowed for obtaining high
peak intensities, satisfactory peak asymmetry factors for
the analyte and IS (1.054 and 1.115, respectively), and a
high signal-to-noise ratio (S/N) for the analyte at LLOQ
for the first analytical range (25.56). After reducing the
LLOQ to 0.30 ng/mL, the S/N for TOF was found to be
15.81. This indicates that the sensitivity of the analytical
method is sufficient. To ensure accurate results, the
analysis time for each injection was extended to 6 minutes
to allow for adequate system washing and equilibration.

Table 4. Properties of tofacitinib and baricitinib

A suitable sample preparation method was deter-
mined by examining the samples obtained through the
precipitation of plasma proteins using organic solvents:
ACN and MeOH. Methanol-based samples revealed sus-
pended solids that proved impossible to separate by
centrifugation. The analysis of samples prepared with
ACN as a precipitating agent showed satisfactory extrac-
tion of the desired substances, along with the acceptable
data reproducibility. Therefore, the employment of the
LLE method was not required.

Validation

Full validation of the method for quantitative deter-
mination of tofacitinib in human plasma was carried out
within validation cycles 1-3. Validated range was 1.00-
200.00 ng/mL.

Analytical approbation of the method in terms of
bioequivalence study revealed a 5% excess of LLOQ
over the lowest maximum concentration of TOF among
all analyzed samples. Consequently, a partial valida-
tion was carried out to reduce the LLOQ by expanding
the analytical range. The partial validation within the
4™ validation cycle involved the assessment of the fol-
lowing parameters: selectivity, calibration curve, lower
limit of quantification, accuracy and precision. Additio-
nally, samples stability during five freeze-thaw cycles,
as well as stock and working solutions stability was
evaluated.

Long-term stability of the analyte in the biologi-
cal matrix (human blood plasma) was assessed twice:
within the 3™ cycle (the first stage) and the 5" cycle
(the second stage), in order to extend the shelf life of
biological samples during the analytical phase of the
study. Consequently, the long-term stability of the an-
alyte was reassessed within the 5" validation cycle with
the following parameters: calibration curve, accuracy,
precision, and stability.

Investigated substance Tofacitinib Baricitinib
3-[(3R,4R)-4-methyl-3-[methyl({7H-pyrrolo[2,3-d] 2-[1-(ethanesulfonyl)-3-(4-{7H-pyrrolo[2,3-d]
Compound name (IUPAC) pyrimidin-4-yl})amino]piperidin-1-yl]-3- pyrimidin-4-yl}-1H-pyrazol-1-yl)azetidin-3-yl]
oxopropanenitrile acetonitrile
HiC,,
‘ N
HBC\N.‘\\\ N | | b
T
Structural formula T\N HN™S N—|SI—/
~ 7 N n
"lll\ N\ NN //Ill o
N/ N EN
H
pKa 9.5 13.89%
logP 1.808' 1.10?

Note. ' Tofacitinib. Drugbank. Available at: https://go.drugbank.com/drugs/DB08895. Accessed: 26.03.2024.
2 Baricitinib. Drugbank. Available at: https://go.drugbank.com/drugs/DB11817. Accessed: 26.03.2024.



1. Selectivity, specificity, carry-over

The TOF and BAR signal levels in the blank samples
were not more than 20 and 5 % of the arithmetic mean
of TOF and BAR signal values in the LLOQ samples,
respectively, which is consistent with the requirements
specified in the regulatory documentation. Figure 5
illustrates an example of chromatograms obtained from
the blank and LLOQ sample analysis.

The specificity of the method (standard sample sui-
tability) was similarly assessed by comparing the signals
from the sample without TOF and the sample without
BAR to those at the LLOQ level. Sample test results met
the AC.

2. Matrix effect

The parameter was estimated at two QC concentra-
tion levels (L and H) using IBP, HBP, and LBP samples.
The quantitative results of the estimation of the matrix
effect on TOF are presented in Table 5. The RSD values
for all matrix types were less than 15 % for both con-
centration levels.

Table 5. Baricitinib-normalized matrix effect for tofacitinib,
relative standard deviation

Biological matrix IBP HBP LBP
Concentration L H L H L H
level
Average 134 | 1.25 1.29 1.20 | 1.31 1.16
RSD, % 9.69 | 642 | 1293 | 6.00 | 9.98 | 3.93

3. Recovery

Table 6 presents the average recovery values for
different matrix types. The RSD ranged from 1.77 to
12.36 %, which falls within the acceptable limits.

Intensity

3100.000
70.0

40,0

10.0-

9003100.000

Figure 5. Example of chromatograms used to evaluate selectivity
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4. Calibration curve, accuracy, precision,
lower limit of quantification

The simplest linear regression model was chosen
for the calibration graph. For the five calibration curves
obtained during the validation process, the correlation
coefficients for the selected function type were not
less than 0.99, while E for the measured CS concentra-
tions remained within the specified tolerance limits (not
exceeding +20% for the 1% concentration level, not
exceeding +15% for the remaining concentration le-
vels). A representative calibration graph from the 4t
validation cycle is depicted in Figure 6. The correspon-
ding correlation coefficient for this calibration curve is
0.9944968 and the linear regression equation is

f(x) = 0.707283x + 0.00276663.

For the selected TOF concentration ranges (1.00-
200.00 ng/mL and 0.30-200.00 ng/mL), inter-and intra-

Area Ratio
[*1070]
1,0

0.8

0,6

0.4

02

70,0 0,2 0.4 0,6 0.8 1,0 1.2 14
Conc.(Ratio) [*1070]

Figure 6. Calibration curve of the 4t validation cycle

Intensity

13100.000

§0.0- 2,513 / tofacitinib / 1346 / 1,07 / ng/mL

" 3100.000 2,664 / baricitinib / 154077 / 150,00 / ng/mL

min

Table 6. Baricitinib-normalized recovery for tofacitinib, relative standard deviation

. A ) Average value of recovery RSD, %
Biological matrix
L M1 M2 M3 H L M1 M2 M3 H
IBP 97.66 101.16 105.71 105.08 98.57 9.41 7.62 4.39 2.05 5.68
HBP 99.80 106.07 98.33 95.80 102.84 12.36 6.04 11.70 2.28 7.74
LBP 107.34 95.02 95.41 100.78 96.65 6.07 9.02 5.70 1.77 413
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day accuracy and precision of the LLOQ and QC samples
were evaluated for all validation cycles. Values for inter-
day parameters are presented in Table 7.

The lower limit of quantification was determined
based on the data from the calibration curve, accuracy,
and precision assessment. For cycles 1 through 3 of the
full validation study, the LLOQ was set at 1.00 ng/mL.
After analyzing the data from cycle 4 of the partial va-
lidation study, a value of 0.30 ng/mL was determined
for the LLOQ parameter. In both instances, obtained
values corresponded to the first concentration level of
TOF. The chromatograms for the LLOQs are presented
in Figure 7.

5. Stability

By analyzing low (L) and high (H) QCs during stability
estimation process, the resulting E values did not exceed
+15 %. Therefore, the following types of stability were
demonstrated:
® short-term stability (BT-St.);
® post-preparative stability of samples (PP-St.) for not

more than 41 hours;

* sample stability after 3 cycles of thawing and free-
zing (3-FT-St.) — within the 3™ validation cycle;

* sample stability after 5 cycles of thawing and free-
zing (5-FT-St.) — within the 4t validation cycle;

Intensity

2100.000
70,0

2,511/ tofacitinib / 1241 / 0,93 / ng/mL

40,0-

10.0-

9093100.000

70,0

2,665 / baricitinib / 155628 / 150,00 / ng/mL

50,0

e stability of SSs (SS-St.) and WSs (WS-St.) for 3 days -
within the 3" validation cycle;

e stability of SSs (SS-St.) and WSs (WS-St.) for 5 days -
within the 4% validation cycle;

® long-term stability (LT-St.) of analyte in biological
matrix (plasma) at the extreme values of storage
temperature range: from -25 to -15 °C and from
-85 to —-65 °C for 3 days - within the 3™ validation
cycle;

® long-term stability (LT-St.) of the analyte in biological
matrix (plasma) at the extreme values of storage
temperature range: from -25 to -15 °C and from
-85 to -65 °C for 66 days - within the 5™ validation
cycle (Table 8).

Method application

Validated method was applied for tofacitinib de-
termination in a bioequivalence study of a domestic
tofacitinib formulation and a reference drug: Jaquinus®
modified-release, film-coated tablets containing 11 mg
of tofacitinib (Pfizer Inc., USA). The pharmacokinetic pro-
perties of tofacitinib were investigated in this study
following a single dose administration of the test drug
(Test) and the reference drug (Ref.), both administered
under fasting and fed conditions. Based on the analysis
of blood plasma samples, individual pharmacokinetic
profiles were generated, as illustrated in Figure 8.

Intensity

100.000

2,452 / tofacitinib / 0,30 / ng/mL
70,0

40,0=

10,0

90,0

100.000 2,616 / baricitinib / 150,00 / ng/mL

70,0~
50,0
30,0-

10,0

——

min

Figure 7. Chromatograms for the lower limit of quantification for validation cycles 1-3 (A) and 4 (B)

Table 7. Inter-day accuracy and precision for tofacitinib

Number of the validation cycle 1,2,3,5 4 1,2,3,5 4 1,2,3,5
Concentration level LLOQ LLOQ L L M1 M2 M3 H
Nominal TOF concentration, ng/mL 1.00 0.30 3.00 0.90 6.00 30.00 120.00 150.00
Number of the validation cycle Average value of TOF concentration in the cycle, ng/mL
1 1.02 - 3.07 - 6.03 29.55 115.42 139.01
2 1.06 - 2.68 - 6.23 31.33 119.19 147.15
3 0.94 - 2.71 - 5.80 29.38 111.13 147.80
4 - 0.29 - 0.87 5.27 32.40 126.09 160.36
5 0.98 3.22 - 6.24 31.93 118.15 152.76
L”gt/er:ﬁay average TOF concentration, 1.00 0.29 292 0.87 5.92 30.92 118.00 149.42
E, % -0.05 -2.00 -2.77 -3.56 -1.41 3.07 -1.67 -0.39
RSD, % 8.98 11.18 10.09 14.19 7.21 5.28 5.15 5.12




The following pharmacokinetic parameters were
determined using specialized software:

e C__ - maximum plasma concentration of tofacitinib;
e t_ —timeto reach Coov

t,, — plasma half-life of tofacitinib.

Table 9 presents average values for C__ and t, ,
expressed as the arithmetic mean (M), along with the
standard deviation (o), for the sample of volunteers (n).
Fort . the data are reported as median (Median), with the
range of values from minimum (Min) to maximum (Max),
for the same sample (n).

An example of biosamples chromatograms from a
volunteer participating in a clinical trial of domestically
manufactured tofacitinib is shown in Figure 9.

Treatment:— == Ref. %= Test

w
8
v

Tofacitinib plasma conc. (ng/mL)

%
Time after dosing (hr)

A
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CONCLUSION

An accessible, and sensitive method for the quan-
titative analysis of tofacitinib was developed. The me-
thod is based on sample separation using a high-per-
formance liquid chromatography system. Detection is
achieved using a tandem triple-quadrupole mass spect-
rometry detector. The range of this method is 0.30-
200.00 ng/mL. The method was validated in accordan-
ce with the relevant regulatory documentation of the
EAEU, FDA, EMA. After validation, the method was suc-
cessfully applied in a bioequivalence study of a generic
domestic formulation of tofacitinib. The results obtained

Treatment:— == Ref. #= Test

'

20-

Tofacitinib plasma conc. (ng/mL)

' '
0 10

20
Time after dosing (hr)

B

Figure 8. Individual pharmacokinetic profiles of a volunteer with drugs administration under fasting (A) and fed (B) conditions

Table 8. Results of tofacitinib stability assessment

Concentration level L H
Nominal TOF
Stability concentration, ng/mL 3.00 150.00
Number of the Average TOF Average TOF
. . L E, % A E, %
validation cycle concentration, ng/mL concentration, ng/mL
BT-St. 1 2.66 -11.40 148.26 -1.16
1 2.78 -7.27 129.37 -13.75
PP-St. 2 2.63 -12.20 132.21 -11.86
3 2.75 -8.20 136.37 -9.08
3-FT-St. 3 2.59 13.53 140.09 -6.60
5-FT-St. 4 2.98 -0.67 157.00 1.67
3 2.60 -13.47 145.37 -3.08
SS-St.
4 3.05 1.67 151.23 0.82
3 2.60 -13.40 141.87 -5.42
WS-St.
4 297 -0.87 159.25 6.17
-20°C 3 2.82 -5.93 139.52 -6.99
LT-St -80°C 3 2.96 -1.20 141.04 -5.97
’ -20°C 5 3.04 1.20 151.50 1.00
-80°C 5 3.06 1.93 151.68 1.12
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Table 9. Summary data of tofacitinib pharmacokinetic parameters during single dose administration of the drugs

Drug adm!n'lstratlon Fasting Fed
conditions
Pharmacokinetic Test drug | Reference drug Test drug | Reference drug
parameter M (o) [n] / Median (Min - Max) [n]
C__.ng/mL 36.97 (14.96) [18] 37.46(12.72) [18] 49.35(13.52) [19] 52.44(17.66) [19]
t_.h 3.75 (2-5) [18] 4 (2-5) 18] 5(3.5-10) [19] 5(3.5-8) [19]
t,h 5.77 (2.42) 18] 5.68 (1.46) [18] 7.14(2.57)[19] 5.54(2.33)[19]
Intensity
80 $100.000 2,367 / tofacitinib / 17,09 / ng/mL
60
30,05
10,0;
20 2,565 / baricitinib / 150,00 / ng/mL
70
50
30
10,
T & ¢ ¥ [ ¥ E F & I & ¥ T BN T L T R O
0 1 2 4 5 6

Figure 9. Chromatograms of a volunteer blood plasma sample after 8 hours after administration of the drug

during the validation confirm method suitability for the
utilization in bioanalytical research of the pharmacoki-
netics and bioequivalence of tofacitinib formulations.
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