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Molnupiravir is one of the drugs for the etiotropic therapy of a new coronavirus infection COVID-19. It has confirmed its 
clinical efficacy in the treatment of patients with mild and moderate COVID-19, including those who are at high risk of 
progressing to severe disease.
The aim of the study was to evaluate bioequivalence of the generic drug molnupiravir ALARIO-TL and the original drug 
Lagevrio with a single oral administration in healthy volunteers.
Materials and methods. This bioequivalence study was an open, randomized, two-period crossover study. In each of the 
two periods, volunteers received a single dose of the test drug, or reference drug molnupiravir, in the form of capsules at 
the dose of 200 mg. The washout period between the doses was 3 days. To determine pharmacokinetic (PK) parameters and 
bioequivalence, the concentration the concentration of N-hydrozycytidine (NHC), the main molnupiravir metabolit in the 
blood plasma of volunteers was evaluated. The blood plasma sampling was carried out in the range from 0 to 16 hours in each 
of the study periods. Bioequivalence was assessed by comparing 90% confidence intervals (CIs) for the ratio of geometric 
means of AUC(0–16) and Cmax of the test drug and reference drugs with the established equivalence limits of 80.00 – 125.00%.
Results. A total of 28 healthy male volunteers were included in the study. According to the results of the statistical analysis, 
after the administration of the test and reference drugs, the 90% CIs for the ratio of the geometric means of AUC (0–16) and 
Cmax were 96.31% – 113.64% and 91.37% – 114.8%, respectively. These intervals fit within the established limits of 80.00–
125.00%, which confirms the bioequivalence of the drugs. When comparing the frequency of the individual adverse events 
registration, no significant differences were found out after the administration of the test and reference drugs.
Conclusion. Based on the results of this study, it can be concluded that the test and reference drugs of molnupiravir are 
bioequivalent. In addition, the data obtained indicate that the drugs have similar safety profiles.
Keywords: COVID-19; molnupiravir; bioequivalence; pharmacokinetics; N-hydroxycytidine
Abbreviations. COVID-19 – a novel coronavirus infection caused by the SARS-CoV-2 virus; NHC, N-hydroxycytidine; 
CI – confidence interval; AUC – area under the concentration-time curve; AUC0–t/AUC0–16 – area under the 
concentration-time pharmacokinetic curve from zero to the last blood withdrawal at which the drug concentration 
is equal to or higher than the lower limit of quantitation; AUC0–∞ – area under the concentration-time 
pharmacokinetic curve, starting from zero time, extrapolated to infinity; Cmax – the maximum concentration of the 
drug in blood plasma; NHC-TP – N-hydroxycytidine triphosphate; Tmax – time to reach the maximum concentration;  
HPLC-MS/MS – high performance liquid chromatography with tandem mass spectrometry; GLP – Good Laboratory Practice; 
AE/SAE – undesirable/serious adverse event; CDKT – comparative dissolution kinetics test; BMI – body mass index.
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Молнупиравир – один из препаратов этиотропной терапии новой коронавирусной инфекции COVID-19, который 
подтвердил свою клиническую эффективность в терапии пациентов с лёгким и среднетяжёлым течением, в том числе 
с факторами риска развития тяжёлого течения.
Цель. Оценка биоэквивалентности воспроизведенного препарата молнупиравира АЛАРИО-ТЛ и оригинального 
препарата Лагеврио при однократном пероральном применении у здоровых добровольцев.
Материалы и методы. Данное исследование биоэквивалентности представляло собой открытое рандомизированное 
двухпериодное перекрестное исследование. В каждом из двух периодов добровольцы принимали однократно 
исследуемый или референтный препарат молнупиравира в виде капсул в дозе 200 мг. Отмывочный период между 
приемами препаратов составил 3 сут. Для определения фармакокинетических параметров и биоэквивалентности 
оценивали концентрацию основного метаболита молнупиравира N-гидроксицитидина (NHC) в плазме крови 
добровольцев. Отбор образцов плазмы крови производили в интервале от точки 0 до 16 ч в каждом из периодов 
исследования. Биоэквивалентность оценивали, сравнивая 90% доверительные интервалы (ДИ) для отношения 
средних геометрических значений AUC(0–16) и Cmax исследуемого и референтного препаратов с установленными 
пределами эквивалентности, равными 80,00–125,00%. 
Результаты. Всего в исследование было включено 28 здоровых добровольцев мужского пола. По результатам 
проведенного статистического анализа, 90% ДИ для отношения средних геометрических показателей AUC(0–16) 

и Cmax после приема исследуемого и референтного препаратов составили 96,31% – 113,64% и 91,37% – 114,8%, 
соответственно. Данные интервалы укладываются в установленные пределы 80,00–125,00%, что подтверждает 
биоэквивалентность препаратов. При сравнении частоты регистрации отдельных нежелательных явлений не было 
выявлено достоверных различий после приема исследуемого и референтного препаратов.
Заключение. По результатам данного исследования можно заключить, что исследуемый и референтный препараты 
молнупиравира биоэквивалентны. Кроме того, полученные данные указывают на то, что препараты обладают 
сходными профилями безопасности.
Ключевые слова: COVID-19; молнупиравир; биоэквивалентность; фармакокинетика; N-гидроксицитидин
Список сокращений: COVID-19 – новая коронавирусная инфекция, вызванная вирусом SARS-CoV-2; NHC – 
N-гидроксицитидин; ДИ – доверительный интервал; AUC – площадь под кривой «концентрация–время»; AUC0–t/AUC0–16 –  
площадь под фармакокинетической кривой «концентрация–время» от нуля до последнего отбора крови при котором 
концентрация препарата равна или выше нижнего предела количественного определения; AUC0–∞ – площадь под 
фармакокинетической кривой «концентрация–время», начиная с нулевого значения времени, экстраполированная 
до бесконечности; Cmax – максимальная концентрация препарата в плазме крови; NHC-TP – N-гидроксицитидин 
трифосфат; Tmax – время достижения максимальной концентрации; ВЭЖХ-МС/МС – высокоэффективная жидкостная 
хроматография с тандемной масс-спектрометрией; GLP – надлежащая лабораторная практика; НЯ/СНЯ – 
нежелательное/серьезное нежелательное явление; ТСКР – тест сравнительной кинетики растворения; ИМТ – индекс 
массы тела. 
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INTRODUCTION
The novel coronavirus infection (COVID-19) 

pandemic has significantly increased the burden on 
healthcare systems around the world and required 
decisive measures, in particular, an active search for 
effective treatments [1–4]. Currently, there are 3 
main areas of therapy for the treatment of COVID-19: 
etiotropic (antiviral), pathogenetic and symptomatic.

Molnupiravir is an antiviral drug that is effective 
against SARS-CoV-2. It is a prodrug that is chemically 
a 5’-isobutyrate ester of the ribonucleoside 
analog of N-hydroxycytidine (NHC). Once in the 
bloodstream, molnupiravir is hydrolyzed to NHC, 
which, upon penetrating into the cell, is transformed 
to pharmacologically active N-hydroxycytidine 
triphosphate (NHC-TP). NHC-TP, in turn, is inserted into 
viral RNA by viral RNA polymerases and generates errors 
in the genetic code of the virus. Genome errors caused 
by NHC-TP, accumulate, disrupting viral replication. Thus, 
the antiviral effect of molnupiravir is realized [5–7].

In clinical studies, molnupiravir has demonstrated 
efficacy in the treatment of the novel coronavirus 
infection COVID-19 and a favorable safety profile [8–12]. 
The recommended dosage regimen of molnupiravir 
for COVID-19 is 800 mg twice/daily, regardless of food 
intake for 5 days.

At the end of 2021, molnupiravir was approved for 
the use in adult patients with mild to moderate COVID-19 
with risk factors for developing a severe disease in 
various countries, incl. the US, Europe and the UK. In 
addition, it is included in the Interim Guidelines of the 
Ministry of Health of Russia “Prevention, diagnosis and 
treatment of a novel coronavirus infection (COVID-19)”, 
starting with version 14 dated 27 December, 2021.

The original drug of molnupiravir is Lagevrio, 
which was registered in Russia in 2022 by “MSD 
Pharmaceuticals” LLC and is presented in the form of 
capsules, 200 mg. LLC “Technology of Medicines” has 
developed a generic drug molnupiravir – ALARIO-TL. To 
confirm the bioequivalence of the developed generic 
and original drugs, this bioequivalence study has been 
conducted.

THE AIM of the study was to evaluate bioequivalence 
of the generic drug molnupiravir ALARIO-TL and the 
original drug Lagevrio with a single oral administration 
in healthy volunteers.

MATERIALS AND METHODS

Study design
The bioequivalence of drugs was assessed as the  

1st stage of a clinical trial with a combined two-stage 
design (No. CJ051025138). The first stage of this study, 

i.e. the bioequivalence study, was a randomized two-
period crossover study with a single oral fasting dose  
of 200 mg of test and reference drugs in healthy 
volunteers. 

The study design was developed taking into 
account both Russian recommendations for 
conducting bioequivalence studies1 and international 
guidelines2. The WHO recommendations3  
on conducting bioequivalence studies of drugs based 
on molnupiravir, were also taken into account when 
planning the design.

Prior to the start of the study protocol  
No. CJ051025138 was approved by the Russian 
Ministry of Health and the Ethics Council under it 
(Permission No. 294 dated 20 Apr, 2022), as well as by 
the local ethics committees of the study site (Protocol  
No. 236 dated 28 Apr, 2022). The study was conducted in 
full compliance with the requirements of Good Clinical 
Practice of the International Council for Harmonization 
(ICH GCP) E6 (R2), the rules of good clinical practice of 
the Eurasian Economic Union, the ethical principles of 
the Declaration of Helsinki of the last revision and other 
applicable legislative acts of the Russian Federation and 
the Eurasian Economic Union.

The clinical stage of the bioequivalence study was 
conducted on the basis of Eco-safety Research Center 
LLC from Apr 28 to May 18, 2022.

Before starting the study, a in vitro equivalence 
dissolution test and a comparative quantitation 
were performed using the same series that were 
subsequently used in the bioequivalence study. In vitro 
equivalence dissolution test was carried out using a 
paddle stirrer type device and a device for immersion 
under the conditions of a stirrer rotation of 75 rpm, the 
temperature of 37±0.5°C, and the medium volume of 
900 ml. Three dissolution media were used for testing: 
a buffer solution pH 1.2; an acetate buffer solution pH 
4.5; a phosphate buffer solution pH 6.8. The samples 
were analyzed at points 10, 15, 20, 30, 45, and 60 min by 
UV spectrophotometry. As a research result of both the 
test and the reference drugs, in all media, the release 
of more than 85% of the active substance was observed 

1 Decision of Council of the Eurasian Economic Commission of 
November 3, 2016 No. 85 “About approval of Rules of carrying out 
researches of bioequivalence of medicines within the Eurasian 
Economic Union”.
2 Committee for Medicinal Products for Human Use (CHMP). 
Guideline on the investigation of bioequivalence. Doc. Ref.: CPMP/
EWP/QWP/1401/98 Rev. 1/ Corr **, 2010. Available from: https://
www.ema.europa.eu/en/documents/scientific-guideline/guideline-
investigation-bioequivalence-rev1_en.pdf
3 WHO, Guidance Document 15 November 2021, Notes on the design of 
bioequivalence study: Molnupiravir. Available from: https://extranet.
who.int/pqweb/sites/default/files/documents/BE_molnupiravir_
Nov2021.pdf
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within 15 min, which made it possible to consider the 
dissolution kinetics equivalent without mathematical 
evaluations. The quantification showed that the content 
of the active substance in the preparations differed by no 
more than 5%, and the release profiles of molnupiravir 
in vitro equivalence dissolution test were equivalent, 
which confirmed the correctness of the series choice of 
the test and reference drugs.

Study population
In total, 31 healthy volunteers were screened, 

and 28 volunteers of them were successfully screened 
and randomized (14 volunteers in each group). The 
randomization was carried out using the envelope 
method. The main inclusion criteria were: a male 
gender; an age of 18–45 years; a body mass index 
18.5–30 kg/m2, a verified diagnosis “healthy” according 
to standard clinical, laboratory and instrumental 
methods of examination. The volunteers with a positive 
test for SARS-CoV-2, an aggravated allergic history, 
hypersensitivity to the components of the study 
products, as well as chronic diseases of various organ 
systems, were not allowed to participate in the study. 
The criteria for an discontinuation from the study were: 
withdrawal of an informed consent, the occurrence of 
adverse events (AEs) or serious adverse events (SAEs) in 
volunteers, in which a further participation in the study 
was undesirable, death, use of the prohibited therapy, 
and significant protocol violations. No replacing of the 
retired volunteers had been provided.

Administration of study products
In this research, the test (T) was a generic drug of 

molnupiravir – ALARIO-TL (“R-Pharm” JSC, Russia), in 
the dosage form of capsules, 200 mg. As a reference 
drug (R), the original drug Lagevrio, capsules, 200 mg 
(Patheon Pharma Services, Thermo Fisher Scientific 
Inc, USA) was used. The volunteers were randomized to 
one of the groups with a different sequence of dosing 
(TR or RT). The drugs were administrated twice with an 
interval of 3 days at the dose of 200 mg (1 capsule). In 
group No. 1 (TR), in the 1st period, the volunteers were 
administrated with the test drug once, and in the 2nd 
period – with the reference drug; in group No. 2 (RT) –  
vice versa. The duration of the washout period was 
chosen to exclude a possible effect of the molnupiravir 
administration in the 1st period of the study on the 
pharmacokinetic (PK) parameters of the drug in the 2nd 
period. The average half-life of the main molnupiravir 
NHC metabolite is about 3.3 h. Accordingly, to guarantee 
a decrease in the concentration of molnupiravir below 
the lower limit of quantitation in the volunteers at the 

beginning of the 2nd period of the study, the interval 
between the drugs doses should be at least 5 half-lives, 
i.e., at least 16.5 h.

Drugs were administrated in the morning on an 
empty stomach after refraining from eating for at least 
10 hours with 200 ml of non-carbonated drinking water 
at the room temperature. The volunteers were to be in 
the “sitting” position for 4 hours after taking the drug (it 
was permissible to get up and walk, the “lying” position 
was not allowed). If during the first 4 h after taking the 
drug in any of the periods of the study, a volunteer 
experienced vomiting or diarrhea, he dropped out of 
the study.

Sampling and sample preparation
To assess the NHC concentration in plasma, time 

points for biosampling were chosen in such a way 
that the most complete data for each fragment of the 
pharmacokinetic curve could be obtained. In order to 
achieve this target, frequent sampling near Tmax (~1 h 
when taking molnupiravir at the dose of 200 mg) was 
envisaged, as well as at least 3–4 points during the 
terminal phase. Thus, biosampling was carried out at the 
following points: before taking the test/reference drug 
and then after 15, 30, 45, 60 min, 1 h and 15 min, 1 h 
and 30 min, 1 h and 45 min, 2 h, 2 h and 15 min , 2 h and  
30 min, 2 h and 45 min, 3 h, 3 h and 30 min, 4 h, 5 h,  
6 h, 8 h, 10 h, 12 h and 16 h after dosing in each of the 
2 study periods (the total of 21 sampling points in a 
period). To determine the molnupiravir concentration, 
timing postponement of blood sampling was not allowed 
in the first 2 h; it was permitted for no more than 5 min 
in the period from 3 to 16 h.

Venous blood in the volume of at least 6 ml was taken 
into special vacutainer tubes containing the anticoagulant 
K2EDTA. Blood plasma was separated by centrifugation at 
2000 g for 10 min. Then the test tubes were frozen and 
stored at the temperature not exceeding –65°C. The time 
interval between blood sampling, centrifugation and 
freezing did not exceed 30 min.

Analytical method
NHC, the main molnupiravir metabolite, was chosen 

as the analyte in this study, since molnupiravir undergoes 
hydrolysis to NHC before it reaches the systemic 
circulation, as a result of which unchanged molnupiravir 
is practically not detected in the blood.

All sample preparation was carried out under cooling 
conditions in an ice bath, since at room temperature, 
molnupiravir hydrolysis by plasma enzymes continued 
after sampling. The extraction of NHC from blood plasma 
was carried out by precipitation of blood plasma proteins 
with chilled methanol containing 0.1% formic acid.

DOI: 10.19163/2307-9266-2022-10-6-562-572
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Figure 1 – Bioequivalence study design

Figure 2 – Dynamics of NHC metabolite concentrations (mean and 95% CI) after taking test  
and reference drugs (N = 28)

Note: R – reference drug, T – test drug.

Screened
(n=31)

R andomized
(n=28)

Test drug
(n=14)

R eference drug
(n=14)

R eference drug
(n=14)

Test drug
(n=14)

Period I Period II

16 h 16 h3 days

W
as

h-
ou

tp
er

io
d

0
20

0
40

0
60

0
80

0
10

00

0 0.25 0.75 1 1.25 1.75 2 2.25 2.75 3 3.5 4 5 6 8 10 12 160 0.25 0.75 1 1.25 1.75 2 2.25 2.75 3 3.5 4 5 6 8 10 12 16

Time, h

Co
nc

en
tra

tio
n,

 n
g/

m
l

R Mean 
±95%СI 
Т Mean
95%СI

Table 1 – Obtained values of pharmacokinetic parameters after taking test and reference drugs (n = 28)

Pharmacokinetic parameters Test drug
(n = 28)

Reference drug
(n = 28)

AUC(0–16), (ng/ml)*h 2229.66 (±963.99) 2083.21 (±656.45)

Cmax, ng/ml 1028.12 (±503.31) 972.68 (±317.16)

AUC(0–∞), (ng/ml)*h 2327.01 (±984.49) 2154.71 (±673.22)

Tmax, h 1.3 (0.8–2.5) 1.5 (0.8–2.3)

T1/2, h 1.7 (±0.42) 1.58 (±0.26)

Notes: n – a number of observations; Cmax – the maximum concentration of the drug in the volunteers’ blood; Tmax – time to reach Cmax; T1/2 – 
half-life; AUC(0–16) – the total area under the curve “concentration – time” in the time interval from 0 to 16 hours; AUC(0–∞) – the area under the 
“concentration-time” curve in the time interval from 0 to infinity. The values of the indicators are presented as an arithmetic mean (standard 
deviation), except Tmax, which is presented as a median (min – max).
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The plasma NHC concentration was determined 
using validated high performance liquid chromatography 
with a tandem mass spectrometry (HPLC-MS/MS) 
technique. The determination method was developed 
and validated in accordance with the standards of good 
laboratory practice (GLP) and the recommendations 
of Appendix No. 6 to the "Rules for Conducting 
Bioequivalence Studies of Medicinal Products" within 
the Eurasian Economic Union. Validation was carried out 
according to the main characteristics of the methods: 
extraction efficiency from plasma and the matrix effect; 
a lower level of quantitation (LLOQ); a calibration range; 
accuracy and precision; selectivity (specificity); a sample 
transfer; stability.

The obtained samples were analyzed on an 
Infinity 1290 high performance liquid chromatograph 
(Agilent) equipped with a Triple Quad 5500+ (AB Sciex 
Pte. Ltd., Singapore) mass spectrometric detector 
with a triple quadrupole and electrospray ionization. 
A chromatographic separation was carried out on 
a Phenomenex Kinetex EVO C18 chromatographic 
column (100A 50×2.1 mm, 2.6 µm) in a gradient elution 
mode at a flow rate of 0.4 ml/min. The volume of the 
injected sample was 2 μl. A combination of ammonium 
acetate and methanol solutions was used as the mobile 
phase. Under these conditions, the retention time for 
N-hydroxycytidine was 0.5 min, the internal standard 
tolbutamide was 1.8 min. The total analysis time was  
4 min.

For a selective and sensitive detection of the studied 
compounds, the optimal conditions for ionization in 
an electrospray and registration of negatively charged 

ions were chosen (MRM transitions for NHC were 
258.2/126.1, for tolbutamide – 269.1/170.2).

Quantitative data processing was carried out with 
Analyst 1.7.2 program (AB Sciex Pte. Ltd., Singapore) 
using the internal standard method (solution of 
tolbutamide at the concentration of 1 mg/mL).

The analyte concentration was calculated from the 
calibration dependence of the chromatographic peak 
of the analyte to the area of the peak of the internal 
standard area on the nominal analyte concentration. 
The calibration curves were linear functions, the linear 
concentration range for NHC was 20–5000 ng/mL.

Safety assessment
For the purpose of a safety analysis, periodic 

assessments of physiological (blood pressure, pulse 
rate, body temperature), hematological (erythrocytes, 
hemoglobin, platelets, a leukocyte formula, an 
erythrocyte sedimentation rate) and biochemical 
(alanine aminotransferase, aspartate aminotransferase, 
lactate dehydrogenase, creatine phosphokinase, uric 
acid, glucose, total bilirubin, creatinine) indicators, 
urinalysis, as well as adverse events (AEs) and serious 
adverse events (SAEs) registrations, were carried 
out. Laboratory and instrumental examinations were 
performed at screening as well as face-to-face visits on 
days 1, 4, and 6 from the start of the study. A telephone 
visit on day 10±1 was chosen as an additional point 
for safety monitoring. The selected safety endpoints 
were: the incidence and severity of all AEs and SAEs, 
the incidence of NCI CTCAE 5.0 Grade 3–5 AEs, and 
the incidence of an early withdrawal from the study 
associated with AEs/SAEs.

Table 2 – Calculated 90% CI values for ratios of NHC pharmacokinetic parameters  
of geometric means after test and reference drugs administration

Parameter Ratio of geometric T/R means Calculated values of 90% CI CVintra
1

AUC(0–16) 104.6% 96.31% – 113.64% 18.30%

Cmax 102.4% 91.37% – 114.80% 25.44%

Notes: 1 – CVintra – intra-individual coefficient of variability; CIs – confidence intervals; T – test drug, R – reference drug.

Table 3 – Summary table of AEs frequency after taking each of the drugs

Adverse effect Test drug 
(N=28)

Reference drug 
(N=28) P1value

Cardiovascular disorders
Increase in diastolic blood pressure 1 (3.6%) 0 (0.0%) 1.000

Laboratory and instrumental data
Increase in leukocytes number 0 (0.0%) 1 (3.6%) 1.000
Decrease in leukocytes number 1 (3.6%) 0 (0.0%) 1.000
Increase in lymphocytes number 1 (3.6%) 0 (0.0%) 1.000
Increase in creatine phosphokinase levels 1 (3.6%) 0 (0.0%) 1.000

Note: 1 – McNemar’s criterion with Edwards’ correction. All adverse effects given in the table refer to grade 1 severity.
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Statistical analysis
The statistical analysis was carried out using the 

software package for a statistical analysis R, version 
4.2.0. (R Foundation, Austria).

The sample size was calculated taking into 
account the selected level of statistical significance α 
equal to 0.05, power – 0.8 (80%), as well as an intra-
individual coefficient of variation for Cmax and AUC 22%  
molnupiravir – 0.22 (22%).

Pharmacokinetic and bioequivalence analyzes were 
performed in the population of all volunteers who had 
missed no more than 2 blood samplings in each of the 
periods, and no more than 2 consecutive samplings. A 
safety analysis was performed in the population of all 
participants who had received at least one dose of test 
or reference drugs.

Based on the obtained values of NHC concentrations 
in the volunteers’ blood plasma, the main 
pharmacokinetic (PK) parameters were calculated in the 
time intervals provided for in this protocol: Cmax – the 
maximum concentration of the drug in the volunteers’ 
blood; Tmax – time to reach Cmax; AUC(0–t) – total area under 
the concentration-time curve in the time interval from 0 
to 16 hours; T1/2 – half-life; AUC(0–∞) is the area under the 
“concentration-time” curve in the time interval from 0 
to infinity.

All of the above parameters were presented using 
the arithmetic mean + standard deviation (M+SD), with 
the exception of Tmax, for which the median, minimum, 
and maximum had been used.

The drugs bioequivalence was assessed by 
comparing the boundaries of confidence intervals (CIs) 
for the ratio of the AUC (0–16) and Cmax geometric means  
after administrating the test and reference drugs 
with established equivalence limits equal to 80.00–
125.00%. To establish bioequivalence, a analysis of 
variance (ANOVA) of logarithmically transformed NHC 
parameters necessary for assessing bioequivalence 
(AUC and Cmax), was used. Based on the residual variation 
of the dispersion models, the variation coefficients 
of the studied parameters and the corresponding CIs 
(on a logarithmic scale) were calculated to search for 
the differences between the compared drugs. The 
resulting CIs were inversely transformed to construct the 
desired CIs for the ratio of means in the original (non-
transformed) units.

A statistical analysis took into account the sources of 
variability that could affect the variable under study. The 
fixed factors were used in the analysis of variance models: 
the sequence of drugs, the subject of the study nested 
in the sequence, the period and the drug. Analysis of 

variance was used to test hypotheses about the statistical 
significance of each of these factors contribution to the 
observed variability. The assessment of the residual 
variation obtained by applying the analysis of variance, 
was used to calculate a 90% confidence interval for the 
ratio of the corresponding pharmacokinetic parameter 
means.

RESULTS

Population
A total of 28 male volunteers were included in the 

study. All randomized volunteers were white people. 
The height and weight of the study participants were 
within the normal range of body mass index (BMI). The 
mean age was 26.46 (±4.74) years, the body weight was 
77.55 (±9.20) kg, and BMI was 23.71 (±2.07) kg/m2.  
All volunteers completed the study according to 
the protocol, and therefore were included in the 
population for the evaluation of pharmacokinetics and 
bioequivalence.

Assessment of pharmacokinetics 
and bioequivalence
Based on the results of the NHC concentration 

analysis in the volunteers’ blood plasma, the 
main parameters of the calculated molnupiravir 
pharmacokinetics, are presented in Table 1.

After taking the test and reference drugs,  
the pharmacokinetic parameters of molnupiravir were 
similar to each other. Thus, after taking the test drug,  
the maximum concentration of Cmax NHC was 
1028.12±503.31 ng/ml, while after taking the 
reference drug, this parametr was equal to an 
mean of 972.68±317.16 ng/ml. The area under the 
curve measured up to 16 h post-dose AUC(0–16), was 
2229.66±963.99 ng*h/ml; and 2083.21±656.45  
ng*h/ml – after taking the reference drug.

Fig. 2 shows a graph of changes in the NHC 
concentrations after taking the test and reference  
drugs.

After calculating the PK parameters, a statistical 
assessment of bioequivalence was carried out. Since the 
calculation results showed that AUC(0–16) was more than 
80% of the AUC(0–∞) value, AUC(0-16) values were used to 
establish bioequivalence.

According to the results of the statistical analysis, 
90% CI for the ratio of the geometric mean AUC(0–16) 
of the test drug and reference drug, was 96.31% – 
113.64% for NHC. For the ratio of geometric mean Cmax 
of the studied drugs, 90% CI was 91.37% – 114.8%. 
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The intervals obtained correspond to the established 
equivalence limit for AUC(0–16) and Cmax – 80.00–125.00%, 
which indicates the studied drugs bioequivalence  
(Table 2). The results of the ANOVA showed that sources 
of variation, such as differences between the drugs, 
between the subjects (intersubject differences), and 
the administration sequence and study periods, did not 
significantly affect the variables assessed.

Safety
Throughout the study, both study and reference  

drugs were well tolerated by the volunteers. 
Hematological and biochemical blood tests, as well 
as urinalysis and physiological parameters in most 
volunteers remained normal throughout the study. 
Any deviations from the norm of laboratory and 
instrumental parameters were recorded as AEs. In 
total, 5 AEs were registered in the study: an increase 
in the diastolic blood pressure, an increase or decrease 
in the number of lymphocytes, an increase in the 
number of lymphocytes, an increase in the level of 
creatine phosphokinase. The registered deviations 
had a random multidirectional character. All AEs were 
grade 1 according to Common Terminology Criteria for 
Adverse Events (CTCAE) 5.0. The list of AEs is presented  
in Table 3.

According to the investigators’ conclusion, all 
registered AEs were not associated with the study 
products, i.e., the degree of association was regarded as 
“doubtful”.

When comparing the frequency of individual AEs 
registration, there were no significant differences 
(p>0.05) after taking the test drug and the reference 
drug, on the basis of which it can be concluded that the 
drugs are similarly tolerated.

DISCUSSION
Molnupiravir is a low molecular weight 

ribonucleoside prodrug that is hydrolyzed in the blood 
to N-hydroxycytidine. Molnupiravir has an antiviral 
activity against SARS-CoV-2 variants [13–15] and other 
RNA-containing viruses such as influenza, Ebola and 
respiratory syncytial viruses [16–20]. During preclinical 
development in vitro and in vivo trials, molnupiravir 
showed a high efficacy against SARS-CoV-2, as 
well as a low toxicity to animals [21, 22]. In clinical 
studies conducted for the original drug, molnupiravir 
demonstrated efficacy in the treatment of mild and 
moderate of a new coronavirus infection COVID-19 [11, 
12, 23, 24]. In the most extensive research of MOVe-
OUT study (NCT04575597), phase 3, which included 

1,433 patients, it was found out that molnupiravir at the 
dose of 800 mg 2 twice a day for 5 days, significantly 
reduced the risk of hospitalization or death compared 
with placebo [12]. In the mITT population, which was 
represented by randomized patients who had been 
administrated with at least one dose of molnupiravir 
or placebo and had not been hospitalized prior to the 
therapy initiation, the rate of hospitalization or death was 
6.8% (48 out of 709 patients) in the molnupiravir group 
and 9.7% (68 out of 699 patients) in the placebo group. 
The difference between the groups was 3% [95% CI –5.9; 
–0.1]. In addition, the drug showed a favorable safety 
profile. The proportion of patients who had experienced 
at least one AE was similar in both groups (30.4% in the 
molnupiravir group and 33.0% in the placebo group). 
Given the wide spread of the new coronavirus infection 
COVID-19, the administration of a bioequivalent generic 
drug molnupiravir to the market will increase the 
availability of the effective and safe treatment for this  
disease.

As a result of the bioequivalence study, it was 
found out that the PK parameters of the generic drug 
molnupiravir are comparable to the parameters of 
the reference (original) drug. In addition, the PK 
parameters of the test drug were comparable to the 
data obtained as a result of the 1st phase study of the 
original drug Lagevrio. Thus, the geometric mean 
Cmax obtained in the study EIDD-2801-1001-UK [25] 
of the original drug with a single dose of 200 mg was  
926 ng/ml, while the geometric mean of this parameter 
for the test drug in this bioequivalence research was 
950 ng/ml. Similar trends can be observed in terms 
of AUC0-∞: the geometric mean value in the study of 
the original drug was 1830 ng*h/ml, and the value 
of the test drug in this bioequivalence research was  
2189 ng*h/ml.

After calculating the PK parameters of the test and 
reference drugs in this research, a statistical determination 
of bioequivalence was carried out. According to its 
results it was found out that the obtained 90% CI fully 
fit into the required range of 80.00–125.00% for AUC(0–16) 
and Cmax, which was established in accordance with the 
protocol and the “Rules for Conducting Bioequivalence 
Studies of Medicinal Products” within the Eurasian 
Economic Union, approved by the Decision of the 
Council of the Eurasian Economic Commission No. 85 
dated November 03, 2016, as well as the international 
guidelines on bioequivalence of the European Medicines 
Agency (EMA).

The spectrum of the reported AEs was consistent 
with the safety profile of the original drug molnupiravir. 
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