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Abstract

Introduction. SARS-CoV-2 (severe acute respiratory syndrome-related coronavirus 2) is expected to remain a persistent global threat. Therefore,
development of coronavirus disease 2019 (COVID-19) drugs is the most urgent global issue. Nirmatrelvir and ritonavir combination is an oral
antiviral drug combination with activity against SARS-CoV-2. Nirmatrelvir and ritonavir combination is highly efficacious in reducing the risk of
COVID-19. The study describes development and validation of high-performance liquid chromatography — tandem mass spectrometry (HPLC-
MS/MS) method for the simultaneous determination of nirmatrelvir and ritonavir in human blood plasma. The method could be applied in
pharmacokinetic study of nirmatrelvir and ritonavir.

Aim. The aim of this study is to develop and validate a HPLC-MS/MS bioanalytical method for the determination of nirmatrelvir and ritonavir in
human plasma.

Materials and methods. The determination of nirmatrelvir and ritonavir in human plasma by HPLC-MS/MS. The samples were processed by
acetonitrile protein precipitation. Internal standard: promethazine. Mobile phase: 0.1% formic acid solution in water (Eluent A), 0.1 % formic acid
in acetonitrile (Eluent B). Column: Phenomenex Luna C18 50 x 2.0 mm, 5 pum. Analytical range: 50-10.000 ng/mL for nirmatrelvir, 5-1000 ng/mL
for ritonavir in human plasma. lonization source and ionization: electrospray ionization, positive. Detection conditions: 499.90 — 110.10 m/z,
499.90 — 319.20 m/z (nirmatrelvir), 720.90 — 426.00 m/z, 720.90 — 296.20 m/z, 720.90 — 268.10 m/z, 720.90 — 197.10 m/z, 720.90 — 139.90 m/z
(ritonavir), 285.15 — 198.05 m/z (promethazine).

Results and discussion. This method was validated for selectivity, matrix effect, calibration curve, accuracy, precision, spike recovery, the
lower limit of quantification, carry-over effect and stability.

Conclusion. The HPLC-MS/MS method for quantitative determination of nirmatrelvir and ritonavir in human plasma was developed and
validated. The analytical range was 50-10,000 ng/mL for nirmatrelvir, 5-1000 ng/mL for ritonavir in human plasma. This method was applied to
investigate the pharmacokinetics of nirmatrelvir and ritonavir.
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Pesiome

BBegeHwme. B HacTosALee Bpema npegnonaraeTcs, 4to Bupyc SARS-CoV-2 (severe acute respiratory syndrome-related coronavirus 2), Bbi3biBaiowyuia
HOBYIO KOopoHaBupycHyto nHdekuuio COVID-19 (Coronavirus Disease 2019) octaHeTcA NOCTOAHHOM rnobanbHom yrpo3oit. B ¢eA3m ¢ atum, Bonpoc
pa3paboTKu nekapcTBeHHbIX NpenapaTos Ans neveHns COVID-19 ocTaeTcA akTyanbHbIM. KOMOGVHaLMA HUPMaTPenBupa C pUToHaBUpom obnafaeT
NPAMbIM NPOTMBOBUPYCHBIM AENCTBUEM: MPW €e NPUMEHEeHUN yaaeTcA MOoBbICUTb 3GPEKTUBHOCTb Tepanuy U CHU3UTb PUCK OCSIOKHEHUN
COVID-19. Pa3paboTka 1 Banupaumsa MeTOLMKM COBMECTHOrO OnpejesieHns HUpMaTpenBvpa U PUTOHaBMpPa B Mja3Me KPOBW 4YenoBeka
ABNAETCA HeobGXOAMMOW 3ajauelt ANA NPOBEAEHUA aHANUTUYECKOW 4acTU KJIMHUYECKOro MCCefOoBaHWA C Lenblo AanbHeNWwero nusyyeHus
bapMaKoKMHeTNYECKMX NapamMeTpoB.

Llenb. Llenbio nccnenoBaHua saBnseTcA pa3paboTka U Banugaumus METOAUKM COBMECTHOTO onpeeneHnsa HUpMaTpensupa u putoHaBrpa B nnasme
KPOBM YerloBEKa METOAOM BbICOKOIGHEKTUBHON XKNAKOCTHON XpomaTorpadum ¢ TaHAEMHbIM MacC-CeNIeKTUBHBIM AeTeKTrpoBaHuem (BIMX-MC/
MC) pna nanbHenwero n3yyeHna GapMakoKNHETUKN.

Martepuanbl n meToabl. OnpefeneHne HUpMaTpenBsmpa n pPUTOHaBMpa B Nnasme KPOBUM YenioBeka nposoaunu metogom BXKX-MC/MC. B kauectse
nNpo6onoAroToBKM GbiN MCMONb30BaH CNOCO6 ocaxaeHWs GenKoB aLueTOHUTPWUIOM. BHyTpeHHWI cTaHZapT: npomMeTasuH. MoaBuxHaa ¢asa:
0,1%-11 pacTBOp MypaBbKHOW KUCNOTbI B Bofe (3n0eHT A), 0,1%-11 MypaBbUHOI KMCNOTbI B aLeToHMTpue (anoeHT B). KonoHka: Phenomenex Luna
C18 50 X 2,0 MM, 5 MKM. AHanuTMyeckuin ananasoH metoaukmn: 50-10,000 Hr/mn ana HMpmaTtpensupa, 5-1000 Hr/mn AnAa puToHaBuMpa B niasme
KpoBu. ICTOUHMK MOHU3aLMKN 1 NOHM3AUMA: SNEKTPOCNPEen, MONoXnTeNbHas. Ycnosua getektnposanua: 499,90 — 110,10 m/z, 499,90 — 319,20 m/z
(Hupmatpensup), 720,90 — 426,00 m/z, 720,90 — 296,20 m/z, 720,90 — 268,10 m/z, 720,90 — 197,10 m/z, 720,90 — 139,90 m/z (puToHaBMp),
285,15 — 198,05 m/z (npomeTasuH).

Pe3ynbTraTbl U 06¢cyxaeHune. PazpaboTaHHaa meToavKa 6bina BanngmMpoBaHa no cefyowymM BannaauMoHHbIM NapaMmeTpam: CeIeKTUBHOCTb,
3ddeKT MaTpuLbl, KaNMOPOBOYHasA KPUBAsA, TOYHOCTb, MPELU3NOHHOCTb, CTEMEHb U3BNIEYEHNA, HUXKHWUIA Npefen KONMYeCcTBEHHOro onpeaeneHus
nepeHoc Npobbl, CTabUNbHOCTb.

3akniouyeHme. Pa3paboTaHa 1 BanmanpoBaHa METOANKA COBMECTHOrO onpefeneHns HupMaTpensupa U pUuToHaBMpa B Nia3me KPoBU yesioBeka
metogom BIKX-MC/MC. MoaTBepKAEHHbIN aHaNUTUYEeCKUA Anana3oH metogmkm coctasun 50-10,000 Hr/mn ana Hupmatpensupa, 5-1000 Hr/mn
ONA PUTOHaBUpa B Nniasme KpoBu. MonyyeHHbIN aHaNnUTMYECKMIN Arana3oH No3BOAET NPUMEHATb pa3paboTaHHylo METOAUKY ANA NPoBefeHns
bapMaKoKMHeTNYECKMX NCCIe0BaHN KOMOVHUPOBaHHbIX NPenapaToB HUPMaTPeNBrpa 1 pUTOHaBMpa.

KnioueBble cnoBa: Hupmatpensup, putoHasup, COVID-19, nnasma, BOXX-MC/MC, Banupauns, bapmakoKMHeTUKa

KoHGAnKT nHTepecoB. ABTOPbI AEKNAPUPYIOT OTCYTCTBUE ABHBIX 1 NOTEHLMANbHbBIX KOHGIIMKTOB UHTEPECOB, CBA3AHHbIX C Ny6nMKauven HacTosAwen
cTaTtbu.

Bknap aBTopoB. T. H. Komapos, O. A. ApuakoBa, [. C. LLlenrauesa, M. K. KapHakoBa yyacTBoBanv B pa3paboTke 1 Bannaaummn 6roaHanmTmyeckon
meTtoaukn. H.C. BaraeBa npoBoauna cratuctuyeckyl ob6pabotky paHHbix. W.E. WoxuH, K.f. 3acnaBckas u . A. benblii oTBevanu 3a
opraHM3aLUmoHHYI0 YacTb UcciefoBaHUA. Bce BbilleyKasaHHble aBTOPbI y4acTBOBaAM B 00CYXAEHMMN NONYYEHHbIX pe3yNibTaToB B popmMe HayuHoMn
ANCKYCCUN.

Ana untuposaHua: Komapos T. H., KapHakosa [. K., Apuakosa O. A., Lenrauesa [.C., baraesa H.C., lWloxuH W. E., 3acnasckasa K. ., benbii M. A.
CoBMecTHOe onpefenieHne HUpMaTpenBmpa 1 pUTOHaBMpa B nyiasme Kposu yenoseka metogom BIXX-MC/MC. Paspabomka u pecucmpayus
nlekapcmeeHHbIx cpedcma. 2023;12(2):135-145. https://doi.org/10.33380/2305-2066-2023-12-2-135-145

INTRODUCTION

The COVID-19 pandemic (Coronavirus Disease 2019)
caused by the SARS-CoV-2 (Severe acute respiratory
syndrome-related coronavirus 2) virus has significantly
changed the lives of the world’s population. Morbidity
and mortality rates around the world have reached
extremely high values [1].

According to the statistics, as of January 2023, more
than 663 million cases of the SARS-CoV-2 virus infection
were recorded worldwide, of which about 6.7 million
were fatal. To date, more than 21 million cases of this
disease have been recorded in Russia, the number of
deaths is more than 394 thousand'. More than a million
people who have recovered from COVID-19 suffer from

development of drugs for the treatment of COVID-19
remains challenging.

Currently, the temporary guidelines of the Ministry
of Health of the Russian Federation for the prevention,
diagnosis and treatment of the novel coronavirus
infection (version N2 17 of 14.12.2022) highlight several
drugs that can be used in the treatment of COVID-19,
including the combination of nirmatrelvir with ritonavir.
This combination is approved by the EMA and FDA for
emergency use in patients with COVID-19; in Russia, it
is used to treat mild to moderate COVID-19 in adults,
including patients with an increased risk of progression
to a more severe form and who do not require additional
oxygen therapy?.

the long-term consequences of this disease, which are
not yet fully understood [2]. COVID-19 is also expected
to remain a constant global threat [3]. For this reason,

TWHO Coronavirus (COVID-19) Dashboard. Available
at:https://covid19.who.int/ Accessed: 19.01.2023.

2Temporary guidelines "Prevention, diagnosis and
treatment of the novel coronavirus infection (COVID-19).
Version 17 (14.12.2022)" (approved by the Ministry of
Health of Russia). Available at: http://www.consultant.
ru/document/cons_doc_LAW_347896/  Accessed at
01/19/2023.



Nirmatrelvir ((TR,25,5S5)-N-[(1S)-1-cyano-2-[(3S)-2-
oxopyrrolidin-3-yl]ethyl]-3-[(25)-3,3-dimethyl-2-[(2,2,2-
trifluoroacetyl)amino]lbutanoyl]-6,6-dimethyl-3-
azabicyclo[3.1.0]hexane-2-carboxamide), NIRM [Nirmat-
relvir] is a drug with antiviral activity. The mechanism
of action of nirmatrelvir is based on the inhibition of
the protease of the SARS-CoV-2 3CL virus. Inhibition of
this protease prevents the replication of the SARS-CoV-2
virus [4].

Ritonavir  ([(1,3-thiazol-5-yl)methyl{N-[(25,3S,5S)-3-
hydroxy-5-[(2S)-3-methyl-2-[(methyl{[2-(propan-2-yI)-1,3-
thiazol-4-yllmethyl}carbamoyl)amino]lbutanamido]-1,6-
diphenylhexan-2-ylJcarbamate), RIT [Ritonavir, RIT]) is a
protease inhibitor of human immunodeficiency virus type
1, human immunodeficiency virus type 2 and cytochrome
P450 (CYP3A4) [5].

The combination of nirmatrelvir with ritonavir
belongs to drugs of direct antiviral action. When
administering this combination, it is possible to increase
treatment efficacy and reduce the risk of complications
of COVID-19 [6]. In this combination, ritonavir acts
as a pharmacokinetic booster and slows down the
metabolism of nirmatrelvir. Owing to this, nirmatrelvir
is active for a longer time, higher concentrations of the
drug remain in the body, elimination slows down. With
oral administration of nirmatrelvir in combination with
ritonavir, it is possible to achieve high bioavailability,
which is a significant advantage, since good oral
availability does not require parenteral administration
and allows the use of the drug not only in hospitalized
patients, but also among outpatients [7].
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The development and validation of the method for
the co-determination of both nirmatrelvir and ritonavir
in human blood plasma is a procedure necessary for the
analytical stage of the study in order to investigate further
the pharmacokinetic parameters following a single and
multiple oral administration of this combination by
healthy volunteers.

Currently, a number of pharmacokinetic studies have
been published on the quantification of nirmatrelvir and
ritonavir in human body fluids. The methods of high
performance liquid chromatography - tandem mass
spectrometry (HPLC-MS/MS) and ultra-performance liquid
chromatography — tandem mass spectrometry (UPLC-MS/
MS) are used for the determination of the substances. In
the methods under review, ionization is carried out by
electrospray in a positive mode. As a sample preparation,
a method for protein precipitation with methanol
(MeOH) or acetonitrile (ACN) is used, as well as a method
for protein precipitation with acetonitrile followed by
dilution (Table 1).

After analysis of the
development of methods for the co-determination of
nirmatrelvir and ritonavir, it was concluded that there

literature data on the

were no published methods at the same time with a
simple method of sample preparation and sufficient
sensitivity. In this regard, it was decided to develop
and validate independently a method for the co-
determination of nirmatrelvir and ritonavir in human
plasma by HPLC-MS/MS. As a sample preparation, a
method of precipitation of proteins with acetonitrile was
used.

Table 1. Bioanalytical methods of nirmatrelvir and ritonavir quantitative determination

Analytical method Object Sample preparation Analytical range, ng/mL Reference
RIT 10-1000
UPLC-MS/MS Human plasma Protein precipitation [8]
NIRM 40-4000
. T 5 RIT 2-2000
HPLC-MS/MS Human plasma Pr:c’te'ln precipitation by me [9]
thano NIRM 10-10,000
. S _ RIT 5-5000
HPLC-MS/MS Human plasma Pr°Fe'AT F;relf'p'tadt's n d'?ly ace @
tonitrile, followed by dilution NIRM 10-10,000
. I : RIT 10.87-3516
HPLC-MS/MS Human plasma, serum ProFel.T precipitation by ace [10]
tonitrile NIRM 14.69-4753
RIT 10-1000
HPLC-MS/MS Human plasma Protein precipitation [11]
NIRM 50-5000
. - g RIT 10-50,000
HPLC-MS/MS Human plasma P“’Fe'.? precipitation by ace [12]
tonitrile NIRM 10-50,000
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MATERIALS AND METHODS
Equipment

Chromatographic separation and detection were car-
ried out on a Nexera XR high-performance liquid chro-
matograph equipped with a gradient pump, a column
and sample thermostat, a degasser, an autosampler, a
rack changer, a high-pressure flow switching valve and a
tandem mass spectrometric detector LCMS-8040 with a
triple quadrupole. Primary data were processed with Lab-
Solutions software (Ver. 5.91) (Shimadzu Corporation,
Japan).

Reagents and solutions

During the study, the following chemical reagents
were used: acetonitrile (class UHPLC Supergradient, ACS,
PanReac & AppliChem, Germany, Spain); acetonitrile
(chemically pure, TH CHIMMED, LLC, Russia); methanol
(chemically pure, TH CHIMMED, LLC, Russia); formic acid
(98 % pure, PanReac, Spain); demineralized water (I class
of purity).

For the preparation of stock and working solutions,
samples (Ningbo Mindo
Pharmaceutical Co., Ltd, India, assay 99.50 %), ritonavir
(Mylan Laboratories Limited, India, assay 100.40 %) and
promethazine hydrochloride (USP reference standard,
France, assay 99.90 %) were used.

Stock standard solutions (SSS) of nirmatrelvir and ri-
tonavir were prepared by dissolving weighed amounts

reference of nirmatrelvir

of the substances in methanol. SSS of the internal stand-
ard (IS) of promethazine was prepared by dissolving a
sample of the substance of promethazine hydrochloride
in acetonitrile. The concentration of nirmatrelvir in SSS
was 400,000 ng/mL, ritonavir - 50,000 ng/mL, prome-
thazine — 60,000 ng/mL. Mixed working standard solu-
tions (WSS) of nirmatrelvir and ritonavir were prepared
from stock standard solutions, by diluting them with
methanol to obtain plasma concentrations correspon-
ding to calibration levels 1-8 and quality control (QC) le-
vels: the lower limit of quantification (LLOQ), low [L (low)],

124 &

— | ——

+10 pLof IS
working solution

200 pL of sample
(calibration sample,
quality control sample,

blood plasma sample) +600 pL of ACN

Figure 1. Sample preparation

medium [M1 and M2 (middle 1, middle 2)] and high le-
(high)] (Table 2). Working standard solutions was
prepared by diluting SSS with acetonitrile until plasma

vels [H

conconcentrations of 1 ng/mL.

Table 2. Concentrations at calibration levels
and quality control samples

Analyte concentration, ng/mL IS concentration,

Level ng/mlL

NIRM RIT PROM
1 50 5 1
2 250 25 1
3 500 50 1
4 1000 100 1
5 2500 250 1
6 5000 500 1
7 7500 750 1
8 10,000 1000 1
LLOQ 50 5 1
L 150 15 1
M1 2000 200 1
M2 4000 450 1
H 8000 800 1

Samples of blank plasma, stock standard solutions
and working standard solutions were stored in the freezer
at a temperature of -42.5+ 7.5 °C.

Sample preparation

A sample was aliquoted into the Eppendorf centrifuge
microtube, working standard solution of promethazine
IS was added, then the proteins were precipitated using
acetonitrile (1:3). Next, the sample was mixed on a vortex
and centrifuged. After centrifugation, the supernatant
was transferred to vials and placed in an autosampler. The
sample preparation scheme is shown in Figure 1.

Centrifugation
for 15 min at 15,000 g

—_—

Vortex
for 10 sec

Transferring
supernatant



Conditions of chromatographic separation
and detection

e Column: Phenomenex Luna C18 50 X 2.0 mm, 5 um.

®  Precolumn: Phenomenex SecurityGuard™ Cartridges
C184 x 3.0 mm, 5 pm.

® Thermostat temperature: 40 °C.

® Mobile phase: eluent A: 0.1 % solution of formic acid
in water (v/v); eluent B: 0.1 % solution of formic acid in
acetonitrile (v/v).

®  Flow rate of the mobile phase: 1.0 mL/min.

e Gradient by composition of the mobile phase is
presented in Table 3.

Table 3. Gradient elution

Time, min Eluent A, % Eluent B, %
0.00 95.00 5.00
0.50 95.00 5.00
1.50 0.00 100.00
2.50 0.00 100.00
2.60 95.00 5.00
4.00 95.00 5.00

e Sample volume: 1 uL.

e Run time of the mass spectrometric detector: 0.00-
4.00 min.

® lonization source parameters (electric spray): spray
gas 3 L/min, drying gas 20 L/min, heating unit 400 °C,
desolvation line 200 °C.

e (Capillary voltage, ionization mode and detection
conditions are presented in Table 4.

Table 4. lon-source parameters and detection conditions

Name Capillary lon mode Dete_ct.lon
voltage conditions
499.90 — 110.10;
NIRM 45 * 499.90 - 319.20
720.90 — 426.00;
720.90 — 296.20;
RIT 4.5 + 720.90 — 268.10;
720.90 — 197.10;
720.90 — 139.90
PROM 45 + 285.15 — 198.05
RESULTS AND DISCUSSION
Method development

Promethazine ((RS)-N,N,a-trimethyl-10H-phenothia-
zine-10-ethanamine) was selected as the internal stan-

dard (IS) for nirmatrelvir and ritonavir.

Preclinical and clinical study
JoKknuHuYeckue u KIUHUYecKUe uccnedosaHus

To obtain the necessary chromatographic para-
meters, a substance similar to nirmatrelvir and ritonavir
in structure and physicochemical properties was selec-
ted (Table 5).

Table 5. Structure and physicochemical properties
of the analytes and IS

®
= (] =
(]
o E- 23
-~
S 38 33
g o E° ]
w a w
£
o
pKa 7.1 F. F F
NIRM' | logP 212
Molecular weight 499.535
pKa 13.68
logP 4.24
RIT? 9
Molecular weight 720.944
pKa 9.05
PROM? | logP 4.29
/N\
Molecular weight 284.419

Note. ' Nirmatrelvir. Drugbank. Available at: https://go.drugbank.
com/drugs/DB16691. Accessed: 19.01.2023.

2Ritonavir. Drugbank. Available at: https:/go.drugbank.com/
drugs/DB00503. Accessed: 19.01.2023.

3 Promethazine. Drugbank. Available at: https://go.drugbank.com/
drugs/DB01069. Accessed: 19.01.2023.

The conditions of mass spectrometric detection
were used, allowing to obtain peaks of the analytes and
IS with the highest intensity. During the development
of the method, fragments obtained at different collision
energies were analyzed, and the most intense transitions
were selected (see Table 4). The assumed fragmentation
ways of nirmatrelvir and ritonavir are presented in
Figures 2, 3.

Acetonitrile was selected as a precipitant, since when
it was used, the most complete precipitation of blood
plasma proteins occurred, and it was also possible to
achieve the optimal form of chromatographic peaks. At
the same time, the method of sample preparation is the

139



140

Preclinical and clinical study
AoKnuHuYecKkue u KNUHUYecKuUe uccnedosaHusa

b=
50
] 319 m/z
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Figure 2. MS/MS fragmentation of nirmatrelvir
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Figure 3. MS/MS fragmentation of ritonavir

least time-consuming, since it does not require additional
manipulations and separate conditions for the analysis
and does not affect the stability of samples when they
are stored in an autosampler, in contrast to liquid-liquid
extraction, protein precipitation with trifluoroacetic acid
or methanol.

During the method development, based on the
physicochemical properties of nirmatrelvir and ritonavir,
Phenomenex Luna C18 column, 50 X 2.0 mm, 5 pum
was selected for chromatographic separation of this
combination of substances.

Method validation

The developed bioanalytical method was valida-
ted out in accordance with the Rules for conducting
bioequivalence studies in the Eurasian Economic

m/z

Union' based on the EMA? and FDA3® guidelines. The
method was fully validated for the following parameters:
selectivity, calibration curve, accuracy and precision, lo-
wer limit of quantification (LLOQ), recovery, matrix effect,
carryover, stability (short-term stability of the analyte in

' Rules for conducting bioequivalence studies in the Eurasian
Economic Union (approved by decision of the Council of the
Eurasian Economic Commission N2 85 of 03.11.2016). Available
at: https://docs.cntd.ru/document/456026107/ Accessed at
19.01.2023.

2European Medicines Agency. Available at: https://www.
ema.europa.eu/en/bioanalytical-method-validation/ Accessed
at: 19.01.2023.

3Food and Drug Administration. Available at: https:/
www.fda.gov/regulatory-information/search-fda-
guidancedocuments/bioanalytical-method-validation-
guidanceindustry/ Accessed: 19.01.2023.
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the matrix (“bench-top” and “post-preparative”); freeze
and thaw stability; SSS and WSS stability; long-term
stability of the analyte in the matrix). The main validation
characteristics with acceptance criteria are presented in
Table 6.

Table 6. Validation characteristics

Validation characteristics Acceptance criteria

Blank samples: the analyte <20 % LLOQ,

Selectivity the IS response <5 %
Calibration curve R=2099; -15%<E<15%; except
-20% <E<20%atLLOQ

Accuracy (inter-day,
intra-day)

-15% <E < 15%; except -20% <E<
20 % at LLOQ

Precision (inter-day,
intra-day)

RSD < 15 %, except RSD < 20 %
atLLOQ

LLOQ RSD <20 %, -20% < E, % <20 %
Recovery RSD < 15 %;

Matrix effect le;glc;rtr:::\lllqzsegs r1nSaz/ro|x factors of the
Stability -15%<E%<15%

Carryover Blank samples: the analyte <20 % LLOQ,

the IS response <5 %

Note. RSD, % - relative standard deviation. E, % - relative error.

Selectivity

Six different samples of blank plasma, two different
samples of hemolyzed blank plasma and hyperlipidemic
blank plasma not containing any analytes, as well as
samples with the addition of working standard solutions
up to concentrations corresponding to the LLOQ level
were analyzed (see Table 2). A chromatogram of a sample
of blank human plasma is shown in Figure 4.

Calibration curve

Eight samples of blank blood plasma were analyzed
with the addition of working standard solutions of
promethazine IS to obtain a concentration of 1 ng/mL
in a sample and mixed WSS of nirmatrelvir and ritonavir
up to concentrations of nirmatrelvir in the range of
50-10,000 ng/mL and ritonavir in the range of 5-
1000 ng/mL. Based on the values obtained, calibration
curves were plotted in the coordinates of the ratio
of the peak area of nirmatrelvir to the peak area of
promethazine from the ratio of the concentration of
nirmatrelvir to the concentration of promethazine
in blood plasma, as well as calibration curves in the
coordinates of the ratio of the peak area of ritonavir
to the peak area of promethazine from the ratio of
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Figure 4. Chromatogram of blank human plasma sample

the concentration of ritonavir to the concentration of
promethazine in the blood plasma.

The calibration curves were linear. The equations
of calibration curves and correlation coefficients (R) for
calibration plots in validation cycles N2 1-4 are given in
Table 7.

Accuracy and precision

QC samples corresponding to LLOQ, L, M1, M2 and
H levels were analyzed (see Table 2). The analysis was
carried out in four sequences of five sample injections for
each concentration level of nirmatrelvir and ritonavir. The
study was carried out within cycles and between cycles
for 1-4 sequences. To calculate the relative standard
deviation (RSD, %) and relative error (E, %) at the level
between cycles, data obtained during 1-3 sequences
(between cycles, n = 15), as well as during 1-4 sequences
(between cycles, n=20) were used. The data are
presented in Table 8.

Lower limit of quantification

The lower limit of quantification of nirmatrelvir and
ritonavir in human plasma was 50 ng/mL for nirmatrelvir
and 5 ng/mL for ritonavir. A chromatogram of blood
plasma containing nirmatrelvir and ritonavir at the LLOQ
level is presented in Figure 5.
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Table 7. Calibration equation and correlation coefficients

NIRM RIT
Ne
Calibration equation R Calibration equation R
1 y=0.00477758 - x + 0.00871658 0.9974542 y=0.0228336 - x + 0.0752374 0.9972169
2 y=0.00502899 - x + 0.0104544 0.9985304 y=0.0456889 - x + 0.225216 0.9958858
3 y=0.00424893 - x + 0.00205931 0.9984737 y=0.0320798 - x + 0.103687 0.9991287
4 y=0.00341493 - x + 0.0257467 0.9988095 y=0.0114315-x + 0.0427539 0.9977584
Table 8. Accuracy and precision of nirmatrelvir and ritonavir determination
RSD, % E, %
Injected Inter-day Intra-day Inter-day Intra-day
(ng/mL) ~ _ _ ~ _ ~
NIRM
50 3.54 8.39 4.31 6.17 6.00 6.17 -4.71 -10.91 -7.69 -9.22 14.46 -9.22
150 4.75 295 2.54 6.61 6.88 6.61 -4.60 -9.37 4.32 -4.40 6.58 -4.40
2000 3.46 2.06 2.08 8.33 5.51 8.33 -4.75 -2.82 -13.07 -3.13 10.69 -3.13
4000 3.98 2.80 1.82 7.96 8.74 7.96 1.61 -14.57 1.92 -2.81 7.67 -2.81
8000 2.50 2.27 2.76 7.22 7.46 7.22 -1.49 -14.51 -0.18 -3.67 6.35 -3.67
RIT
5 4.51 11.96 8.49 13.44 -7.77 13.44 13.84 -6.28 -13.36 -3.70 -1.93 -3.70
15 3.83 7.40 2.33 7.47 -3.22 7.47 8.68 -2.44 0.43 -0.08 2.22 -0.08
200 1.04 5.09 1.61 10.38 -6.88 10.38 12.76 2.71 -11.74 3.96 1.24 3.96
450 3.58 4.24 3.00 7.07 -3.68 7.07 14.23 -1.68 0.99 3.84 4.51 3.84
800 3.39 2.80 3.66 5.96 -5.40 5.96 7.75 -1.15 -5.16 1.22 0.48 1.22
Recovery solutions without taking into account the biological

Three samples were prepared from blank blood
plasma, hemolyzed plasma and hyperlipidemic blank
plasma were analized at QC at L, M1, M2 and H levels (see
Table 2) without taking into account the recovery, as well
as QC samples prepared on various types of biological
blank matrix to assess the recovery. The average
nirmatrelvir recovery from various types of blank matrices
was 93.85 %, ritonavir recovery was 108.51 %. The RSD of
the calculated nirmatrelvir recovery from various types of
blank matrices is 11.04 %, ritonavir — 14.64 % (Table 9).

Matrix effect

To evaluate the effect of the biological matrix on the
quantification of nirmatrelvir and ritonavir, samples were
analyzed with the addition of mixed working standard

matrix, as well as samples prepared on blank plasma
without taking into account the influence of the recovery
of the analyzed substances and IS from the biological
matrix. The matrix effect was evaluated at the L and H
levels (see Table 2). For promethazine IS, the matrix effect
was calculated at the level of 1 ng/mL. Based on the data
obtained, the IS-normalized matrix factor was calculated
(Table 10).

Stability

Three samples were analyzed to evaluate bench-
top and post-preparative short-term stability, triple
stability,
solutions and working standard solutions (when stored

freeze-thaw stability of stock standard



(x100 000)
146 267

TIC®@2 3
,416 / promethazine / 251737 /1,00 / ng/ml

1,00

0,00 t

(x10 000)
3,0033 323

TIC(H)@]1 (23,
,622 / nirmatrelvir / 62847 / 50,43 / ng/ml

1,00

(x10 000) TIC(H@3 (3)
pa110 716/ ritonavir / 48104 / 5,07 / ng/ml

1,004

Figure 5. Chromatogram of plasma sample (NIRM 50 ng/mL, RIT
5ng/mL)

for 17 days at a temperature of -50 to -35 °C), long-
term stability of the analyte at levels L and H (see
Table 2). Long-term stability was evaluated twice: an
interim evaluation was carried out when stored for
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17 days at a temperature of -50 to -35 °C, as well as
an additional evaluation when stored for 38 days at
a temperature of -50 to -35 °C, since the minimum
period for evaluation of the type of stability should
correspond to the period of storage of samples from
the time of collection at the clinical center until the
analysis of the last sample in the analytical phase of
the study. The results of the stability evaluation are
given in Table 11.

Table 10. Calculation of IS-normalized matrix factors
of nirmatrelvir and ritonavir

Blank plasma
Hemolyzed blank
plasma
Lipemic blank plasma

Normalized Mf

L H L H L H
NIRM
Average 1.20 0.95 1.16 0.81 1.09 0.81
RSD, % 4.24 9.81 4.16 5.37 3.55 553
RIT
Average 1.95 1.44 1.67 118 1.32 117
RSD, % 4.22 5.39 9.95 14.12 7.57 11.09

Table 9. Calculation of nirmatrelvir and ritonavir recovery at levels L, M1, M2, H

Recovery NIRM, % Recovery RIT, %
Biological matrix
L M1 M2 H L M1 M2 H
86.10 73.60 102.49 80.51 83.77 117.96 123.33 76.04
Blank plasma 85.51 74.87 100.13 93.18 87.48 118.53 123.03 89.66
91.20 73,61 109.31 91.72 92.75 126.56 135.12 89.80
96.99 90.96 80.22 113.04 98.72 129.86 107.27 124.46
Hemolyzed blank plasma 88.04 98.16 82.05 105.03 87.55 132.14 105.21 118.66
87.51 92.60 90.58 106.67 83.20 122.07 114.86 117.33
95.96 98.21 98.71 103.32 110.55 108.96 120.82 103.36
Lipemic blank plasma 99.93 107.23 89.55 94.42 106.70 118.63 106.27 94.57
94.43 114.49 94.10 94.22 98.25 131.23 104.67 97.01
Average 93.85 108.51
SD 10.36 15.89
RSD 11.04 14.64
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Table 11. Stability assessment

Average value of E, %
Type of stability Time and storage conditions NIRM RIT
L H L H
Bench-top stability Analyzed freshly prepared; stored at 20 + 5 °C 4.63 8.56 13.73 12.70
Post-preparative stability 24 hours at 4 °C -10.35 -11.45 9.62 -1.44
Freeze-thaw stability zfzh(;’ir; aé ~425£7.5°Cand 6 hours 2,67 3.3 3.3 2,57
17 days at -42.5 + 7.5 °C 3.16 4.69 2.67 2.65
Long-term stability
38 daysat-42.5+7.5°C 1.10 4.89 -2.47 -2.06
Stock solution stability 17 days at -42.5 +7.5°C 0.37 4.29 -1.76 -0.93
Work solution stability 17 days at -42.5 +7.5°C -0.01 5.56 -2.36 -2.65
Carryover REFERENCES

Within validation cycles N2 1-3, a sequential analysis
of calibration samples at level 8 (see Table 2) and samples
of blank plasma was carried out. The results of the
carryover are presented in Table 12.

CONCLUSION

A method for the quantification of nirmatrelvir
and ritonavir in human plasma by HPLC-MS/MS was
developed and validated.

The confirmed analytical range of the method was
50-10,000 ng/mL for nirmatrelvir and ritonavir in the
range of 5-1000 ng/mL for ritonavir in blood plasma.
This method was used as part of the analytical phase of
the study in order to investigate the pharmacokinetic
parameters of the combined drugs nirmatrelvir and
ritonavir.

Table 12. Assessment of carry-over effect
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