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Idiopathic thrombocytopenic purpura is a chronic autoimmune hematological disease caused by an increased destruction of 
platelets and associated thrombocytopenia, for the treatment of which the imported drug romiplostim is used. Сreation of 
the drug biosimilar provides a reduction in the cost of therapy and an access for the treatment to more patients.
The aim of the study was to compare the safety indicators of the reference drug and its biosimilar in vivo and in vitro.
Materials and methods. In the in vitro study, a model of “complement-dependent cytotoxicity” induced by the complement 
was formed on the 32D hTPOR clone 63-cell line, followed by a cell viability measurement with the CellTitter Glo® kit. An 
in vivo part of the study was carried out on Javanese macaque monkeys (Macaca fascicularis). During the experiment, the 
clinical condition, mortality, appetite of the animals, their body weight, body temperature, respiratory rate were assessed, the 
clinical parameters of blood and urine of the animals were also monitored, and the hemostasis indicators were additionally 
measured.
Results. In the in vitro experiment, the original drug romiplostim and its biosimilar GP40141 were compared in terms of EC50 
values. The indicatirs did not show complement-dependent cytotoxicity. According to the in vivo results, no deviations were 
recorded in the clinical status of the animals and their feed intake, and no lethality was fixed out in the groups either. For 
all the parameters studied (body weight and temperature, respiratory rate, clinical urinalysis, clinical and biochemical blood 
tests, coagulation hemostasis), GP40141 and romiplostim, when administered at the doses equivalent to 10 toxic doses 
(TDs), had comparable effects.
Conclusion. In the comparison of safety performance both in vitro and in vivo, the original drug romiplostim and its biosimilar 
GP40141 showed similar results.
Keywords: romiplostim; biosimilar GP40141; Nplate®; complement-dependent cytotoxicity; drug safety studies; in vivo; in 
vitro; idiopathic thrombocytopenic purpura; toxicological profile; thrombopoietin receptor; TPO-R
Abbreviations: ITP – idiopathic thrombocytopenic purpura; TPO – tropmbopoetin; TPO-R – tropmbopoetin receptor; CDC – 
complement-dependent cytotoxicity; CS – complement system; CP – classical pathway; BA – biological activity; RS – reference 
standard; ICS – internal control sample; TO – test object; EC50 – half maximal effective concentration; IC50 – half-maximal 
inhibitory concentration; MABs – monoclonal antibodies; MP – medicinal preparation; RR – respiratory rate; Density –  
specific density; pH – pH value; TP – Total protein; GLU – glucose; BIL – bilirubin (in urine); UBG – urobilinogen; KET – ketone 
bodies; RBC – red blood cell count; MCV – mean cell volume; Hgb – hemoglobin; MCH – mean cell hemoglobin; MCHC – mean 
corpuscular hemoglobin concentration; НСТ – hematocrit; PLT CNT – platelet count; PCT – plateletcrit; MPV – mean platelet 
volume; PDW – platelet distribution width; WBCs – white blood cells/leucocytes; MON – monocytes; LYM – lymphocytes; 
NEU – neutrophils; EOS – eosinophils; BA – basophils; APTT – activated partial thromboplastin time; PT – prothrombin time; 
AP – alkaline phosphatase; ALT – alanine transaminase; AspAT – aspartate aminotransferase; LDH – lactate dehydrogenase; 
TB – total bilirubin (blood); UREA – urea; CRE – creatinine; CHOL – cholesterine; TG – triglycerides; alb – albumine; GLB – 
globulin; ALB/GLB – albumin/globulin ratio; SM – statistical mean; SD – standard deviation; t-test – Student’s t-test; Me – 
median; Q1 – quartile 1; Q3 – quartile 3; U-test – Mann-Whitney U-test.
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Идиопатическая тромбоцитопеническая пурпура – это хроническое аутоиммунное гематологическое заболевание, 
обусловленное повышенным разрушением тромбоцитов и ассоциированной тромбоцитопенией, для лечения 
которого применяется импортный препарат ромиплостим. Создание биоаналога данного препарата может 
поспособствовать снижению стоимости терапии и доступности большему числу пациентов к лечению. 
Цель. Сравнение показателей безопасности референтного препарата и его биоаналога в условиях in vivo и in vitro. 
Материалы и методы. В in vitro исследовании сформирована модель «комплемент-зависимой цитотоксичности», 
индуцированного комплементом, на клеточной линии 32D hTPOR clone 63, с последующим измерением 
жизнеспособности клеток набором CellTitter Glo®. In vivo часть исследования была проведена на макаках яванских 
(Macaca fascicularis). В ходе эксперимента оценивали клиническое состояние, смертность, аппетит животных, массу 
тела, температуру тела, частоту дыхательных движений, также смотрели клинические показатели крови и мочи 
животных, дополнительно измерялись показатели гемостаза.
Результаты. В эксперименте in vitro оригинальный препарат ромиплостим и его биоаналог GP40141 сравнивали 
по значениям EC50, которые не показали комплемент-зависимой цитотоксичности. По результатам in vivo не было 
зафиксировано отклонений в клиническом статусе животных и потреблении ими корма, летальности в группах не 
зафиксировано. По всем исследуемым показателям (масса и температура тела, частота дыхательных движений, 
клинический анализ мочи, клинический и биохимический анализы крови, коагуляционный гемостаз) GP40141 и 
ромиплостим, при введении их в дозах эквивалентных 10 ТД, оказывали сопоставимые эффекты.
Заключение. При сравнении показателей безопасности in vitrо и in vivo оригинальный препарат ромиплостим и его 
биоаналог GP40141 показали аналогичные результаты.
Ключевые слова: ромиплостим; биоаналог GP40141; Энплейт®; комплемент-зависимая цитотоксичность; 
исследования безопасности препаратов; in vivo; in vitro; идиопатическая тромбоцитопеническая пурпура; 
токсикологический профиль; тромбопоэтиновый рецептор; TPO-R
Список сокращений: ИТП – идиопатическая тромбоцитопеническая пурпура; TPO – тропмбопоэтин; TPO-R –  
тромбопоэтиновый рецептор; КЗЦ – комплемент-зависимая цитотоксичность; СК – система комплемента;  
КП – классический путь; БА – биологическая активность; СО – стандартный образец; ВКО – внутренний контрольный 
образец; ОИ – объект испытания; EC50 – полумаксимальная эффективная концентрация; IC50 – концентрация 
полумаксимального ингибирования; МАТ – моноклональные антитела; ЛП – лекарственный препарат; ЧДД – 
частота дыхательных движений; плотность – удельный вес; рН – водородный показатель; TP – общий белок;  
GLU –  глюкоза; BIL – билирубин (в моче); UBG – уробилиноген; KET – кетоновые тела; RBC – количество эритроцитов; 
MCV – средний объем эритроцита; Hgb – гемоглобин; MCH – среднее содержание гемоглобина в эритроците; MCHC – 
средняя концентрация гемоглобина в эритроците; Hct – гематокрит; Plt – количество тромбоцитов; PCT– тромбокрит; 
MPV – средний объем тромбоцитов; PDW – относительная ширина распределения тромбоцитов по объему;  
WBC – лейкоциты; MON – моноциты; LYM – лимфоциты; NE – нейтрофилы; EO – эозинофилы; BA – базофилы; 
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АЧТВ – активированное частичное тромбопластиновое время; ПВ –  протромбиновое время; ALP – щелочная 
фосфатаза;  ALT – аланинаминотрансфераза; AST – аспартатаминотрансфераза; LDH – лактатдегидрогеназа;  
TB – общий билирубин (крови); UREA – мочевина; CRE – креатинин; CHOL – холестерин; TG – триглицериды;  
ALB – альбумин; GLB – глобулин; ALB/GLB – альбумин/глобулиновое соотношение; Mean – среднее статистическое; 
SD – стандартное отклонение; Т-тест – t-критерий Стьюдента; Me – медианна; Q1 – 1 квартиль; Q3 – 3 квартиль; 
U-критерий – U-критерий Манна-Уитни.

INTRODUCTION
Idiopathic thrombocytopenic purpura (ITP) is a 

severe disease characterized by thrombocytopenia 
(<100×109/l) and requires thrombopoiesis stimulants 
to maintain blood clotting [1–3]. Currently, only 2 drugs 
belonging to this group are registered in the Russian 
Federation (RF) – Nplate® (Nplate, AMGEN EUROPE, 
B.V.)1 and Revolade® (Revolade, NOVARTIS PHARMA, 
AG)2. The active substance of Nplate®, romiplostim, has 
been repeatedly tested for effectiveness and has shown 
its therapeutic activity in the treatment of idiopathic 
thrombocytopenic purpura. This made it possible for 
patients to receive modern therapy that improves the 
quality of life [1, 4–6]. However, this drug is produced 
outside the Russian Federation, which increases its cost 
for the consumer, and when creating a biosimilar, newer 
technologies are used, which ultimately affects the cost 
of their production [7]. As thrombopoiesis stimulants 
are required on an ongoing basis in ITP [3, 8], their 
availability and affordability are vital for patients. The 
creation of a romiplostim biosimilar will increase the 
availability of treatment in the Russian Federation.

Romiplostim (Fig. 1) is a peptid antibody containing 
four TPO-R (thrombopoetin receptor, MPL) binding 
domains with a high affinity for TPO-R and one IgG1  
Fc-carrier domain, which has no sequence homology  
with endogenous thrombopoietin (TPO) [9–11]. 
Romiplostim binds to and activates TPO-R on 
megakaryocyte precursors in the bone marrow. It binds 
in the same way as endogenous TPO and can displace 
TPO from binding to the receptor. Like TPO, romiplostim 
activates many of the same pathways resulting in a 
sustained increase in platelet counts [9, 12–15]. Much 
less is known about the effects mediated by the Fc area 
of the romiplostim molecule. For example, complement-
dependent cytotoxicity (CDC) may be one of the 
possible options, since this mechanism is implemented 
in monoclonal antibodies by binding the Fc fragment to 
activate the complement system [16–18].

The complement system (CS) is known to be an 

1 Russian State Register of Medicinal Products. Nplate®. 
Available from: https://grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=e7a25c3e-1caa-44c0-81fe-5967882a071a.
2 Russian State Register of Medicinal Products. Revolade® 
Available from: https://grls.rosminzdrav.ru/Grls_View_
v2.aspx?routingGuid=e7a25c3e-1caa-44c0-81fe-5967882a071a. 

integral part of both the innate and adaptive immune 
systems. This complex consists of a group of plasma 
proteins that interact in a cascade manner [19]. CS can 
be activated in three different ways, one of which is the 
classical pathway (CP) usually activated by antibodies. It 
mediates specific immune responses and functions as 
a part of the adaptive immunity. CP is triggered when 
the C1q complement molecule binds to the Fc antigen 
elements. Binding to the antibody causes conformational 
changes in the C1q molecule, leading to the activation 
of two C1r proteases and a further degradation of the 
two C1s molecules (another serine protease). The C1 
complex now binds to C2 and C4 and cleaves them. 
The C4b product binds covalently to the cell surface 
and forms C4bC2 complexes. Activated C1s further 
cleave C4bC2 and generate C4bC2a, which is a C3/C5 CP 
convertase. Then, if the complement activation is not 
limited, it proceeds to the formation of a membrane 
attack complex (MAC) and the lysis of the target cell 
[19]. It has been generally accepted that monoclonal 
antibodies (MABs), can mediate the effects that cannot 
be fully elucidated by in vitro studies. These factors make 
bioequivalence studies on animals reasonable3.

THE AIM of the study was to compare the safety 
indicators of the reference drug romiplostim and its 
biosimilar in vivo and in vitro.

MATERIALS AND METHODS
In vitro determination 
of complement-dependent cytotoxicity
Complement-dependent cytotoxicity (CDC) for 

romiplostim was evaluated in comparison with the 
indicative CDC method for rituximab. This drug is a 
chimeric MAB that specifically binds to the CD20 antigen 
on the surface of normal and malignant B-lymphocytes 
and initiates immunological reactions that mediate 
the B-cell lysis. One of the working mechanisms of 
the drug goes through the CDC [20]. In the CDC test 
for romiplostim, a mouse lymphoblast cell line (Mus 
musculus) with a stable expression of the human TPO 

3 Decision of Council of the Eurasian Economic Commission of 
November 3, 2016 No. 89 “About approval of Rules of carrying out 
researches of biological medicines of the Eurasian Economic Union”. 
Available from: http://www.consultant.ru/document/cons_doc_
LAW_207925/.
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receptor 32D hTPOR clone 63 (Selvita Group) was used 
as a test system. The effect of complement-dependent 
cytotoxicity was compared with the original drug 
romiplostim (AMGEN, the Netherlands) and its biosimilar 
GP40141 (OOO GEROPHARM, Russia). The complement 
concentration was selected on the basis of the toxicity 
absence of the complement itself; and a dilution by a 
factor of 14 was chosen.

On the first day of the experiment, the cells were 
seeded and the test objects (TOs) were introduced 
with the rabbit blood serum complement (Cedarlane, 
CL3441-S50). The concentrations used for the 
assessment of a specific biological activity (BA) on the 
32D-hTPOR clone cell line, were the following: 63:10; 
3.3; 1.1; 0.4; 0.1; 0.04; 0.005; 0.002; 0.001; 0.0002  
ng/mL). These concentrations were added to the 
RPMI Basal assay medium, consisting of RPMI 1640 
(Biolot, 1.3.4.), 1 mM HEPES (Biolot, 1.2.6.1.), 10 
mM sodium pyruvate (Biolot, 1.4.004.), up to 1, 5 g/l 
sodium bicarbonate (Sigma-Aldrich, S5761), up to 4.5 
g/l anhydrous glucose (PanReac AppliChem, 141341), 
penicillin-streptomycin (Biolot, 1.3.18.), to which a 10% 
fetal bovine serum FBS (Capricorn, FBS-11A) was added. 
After the test object (TO) preparation, the rabbit serum 
complement was diluded by a factor of 14 and the 
line was seeded into the wells of a 96-well white plate 
(Corning, 3917) at the concentration of 5000 cells/well, 
the cell counts were performed using a Countess II FL cell 
counter (ThermoFisher Scientific, USA). The test objects 
with complements and without complements were 
added to the cells in different wells. They were incubated 
with 5% carbon dioxide for 24±4 hours at 37°C. Then the 
plate was cooled down to room temperature for 1 h, and 
the CellTitter-Glo reagent (Promega, G7571) was added 
to each well with the culture liquid in the equivalent 
volume ratio. The cells were lysed mechanically on 
an orbital shaker for also 2 min at room temperature. 
Then the plates were incubated for 10 min to stabilize 
the luminescent signal, after which the luminescence 
was recorded on a CLARIOstar multimodal microplate 
reader (BMG Labtech, Germany). The settings on the 
instrument included Presets Ultra Glo, the integration 
time was 0.4 sec per 1 well.

In the CDC test for rituximab, the human 
B-lymphoblast cell line WIL2-S was used as a test system. 
A rituximab reference standard (RS) (Mabxience, Spain) 
and a rituximab internal control sample (ICR) were used 
as TOs. On the first day of the experiment, similarly 
to the CSC test for romiplostim, the cells were seeded 
and the TO with the complement of the rabbit blood 
serum was added. For rituximab CSC, the complement 

concentration was selected at the ratio of 1:7, where 
there was no toxicity of the complement itself. For RI, 
concentrations of 5000, 2000, 800, 320, 128, 51, 20, 8, 
3, 1.3, and 0.5 ng/ml were selected; their dilution was 
carried out in a medium similar to the rituximab CDC 
for the analysis. After preparing the TO, the rabbit blood 
serum complement was prepared and the line was 
seeded into the wells of a 96-well black plate (Corning, 
3603, USA) at the concentration of 10,000 cells/well. The 
plate was incubated at 37°C and 5% carbon dioxide for 2 
hours, and then the alamarBlue™ Cell Viability Reagent 
(Thermo Fisher Scientific, DAL1100, USA) was added 
and incubated again for up to 24 hours. On the expiry 
of time, fluorescence was recorded on a CLARIOstar 
multimodal microplate reader. The data analysis for 
the two tests was carried out in the integrated MARS 
Data Analysis software, and the statistical analysis – 
in GraphPad Prism 9.3.1.471, where the data were 
normalized as a percentage relative to the zero control, 
then a four-parameter dose-response curve was built 
up to calculate the EC50 value (a half maximum effective  
concentration).

In vivo safety study
The study was carried out on the basis of Scientific 

Research Institute of Medical Primatology (Russia, Sochi) 
in the strict accordance with Rus-LASA standards4,5 [20]. 
The study was approved by the independent local ethics 
committee (Protocol statement No. 61 dated February 
9, 2021).

Clinically healthy Javanese macaque monkeys 
(Macaca fascicularis) were used as a test system. Macaca 
fascicularis are phylogenetically quite close to humans 
and, at the same time, in the framework of preclinical 
safety studies of the original drug, they did not show 
any formation of neutralizing antibodies to romiplostim, 
unlike rats, mice and rhesus monkeys in the studies of 
a similar duration. That makes it possible to predict the 
risks associated with primary pharmacodynamics in 
humans, to the greatest extent6. All these factors made it 
possible to consider these animals as the most relevant 
ones for a comparative safety study.

In accordance with the decision of the Economic 

4 GOST 33218-2014 «Guide for the Care and Management of 
Laboratory Animals. Rules of Care and Management of Nonhuman 
Primates», 2014.
5 GOST standard 33215-2014 «Guide for the Care and Use of 
Laboratory Animals. Rules of Fitting of Facilities and of Organization 
of Procedures», 2014.
6 CHMP assessment report for Nplate®. Procedure No. EMEA/H/C/942. 
EMEA/654269/2008, 2022. Available from: https://www.ema.
europa.eu/en/documents/assessment-report/nplate-epar-public-
assessment-report_en.pdf.
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Commission for Europe Council 89 (ECE Council 89), when 
forming experimental groups, it is necessary to adhere 
to a flexible approach. It is permissible to use animals of 
only one sex and only one dose of drugs, which makes 
it possible to fully follow the Reduce principle (the 
reduction in the number of the animals used) from the 
fundamental principles of humanity 3R7. However, the 
use of such methods to reduce the number of the animals 
requires justification. Animals of the same sex were used 
because the toxicological profile of the original drug 
romiplostim did not differ between males and females 
in numerous toxicological experiments, indicating the 
absence of specific toxic effects associated with sex8. It 
follows that the introduction of animals of two sexes will 
not lead to additional information about the safety of 
the substance and is contrary to the bioethical Reduce 
principle. The next step to reduce the number of animals 
was the abolition of the control group. According to the 
Decision of EU Directive 89, it is permissible to conduct 
a study with a modified design (using only one dose of 
a biosimilar medicinal product (MP) and the original 
(reference) MP. In order to compare the dynamics of 
animal parameters, all main laboratory and functional 
parameters had been taken before dosing, so that the 
initial data of the animals acted as some control for 
subsequent measurement points.

In this regard, 12 mature males weighing 2.65–
3.95 kg were selected for the experiment. The animals 
were divided into groups according to the level of 
platelets, which had been measured 7 days before the 
administration of the drugs, after which, to eliminate the 
preferences of the researcher, the experimental groups 
were composed by randomization of the animals from 
the formed groups. The animals were divided into 2 
groups, 6 males in each. Group 1 received the biosimilar 
GP40141, group 2 received the original drug romiplostim 
(Table 1).

When selecting doses in safety studies, a critical point 
is the choice of dosage and frequency of administration 
of the test object and reference standard. On the one 
hand, they should allow the potential adverse effects 
to be fully assessed and thereby protect participants 
in clinical trials. On the other hand, they should not be 
redundant allowing unnecessary suffering of animals in 

7 Directive 2010/63/EU of the European Parliament and of the Council 
of 22 September 2010 on the protection of animals used for scientific 
purposes. Available from: https://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=OJ%3AL%3A2010%3A276%3A0033%3A0079%3Ae
n%3APDF/
8 Decision of Council of the Eurasian Economic Commission of 
November 3, 2016 No. 89 “About approval of Rules of carrying out 
researches of biological medicines of the Eurasian Economic Union”.

the framework of the research9,10,11. In this regard, as 
a reasonable compromise, the dosage of 100 mcg/kg  
was chosen, as it allows a significantly (10 times) 
higher therapeutic dose for clinical use12, and had been 
applied in earlier safety studies of the original drug 
romiplostim13. This dose has been directly extrapolated 
from the clinical animal practice and no dose conversion 
factor has been applied.

The drugs were administered repeatedly, over 28 
days, with a frequency of once/72 hours, since this 
frequency of administration repeats the design of 
the study of the original drug romiplostim and allows 
achieving a stable systemic exposure in animal plasma14. 
The contents of the vial with test objects and the 
reference standard were a powder diluted in 0.72 ml 
of sterile water for injections to obtain a concentration 
of 250 μg/0.5 ml (500 μg/ml) immediately after the 
preparation. The drugs were administered to a specific 
animal at the same place throughout the study (28 days).

The animals were kept and fed in accordance with 
Directive 2010/63/EU of the European Parliament and 
the European Council dated 22 September 2010 on 
the protection of animals used for scientific purposes. 
Throughout the experiment, the animals were kept in 
individual cages, which indicated the animal’s inventory 
number, group, and gender. The cells were equipped 
with a central water supply. The ambient temperature 
was 21–28°С, the relative humidity was 40–70%, daylight 
hours were natural (Sochi). The diet of the animals 
consisted of granulated feed, eggs, dried and fresh fruits 
and bread. Feeding was carried out in three stages: 
8–9 o’clock – granulated feed mixture, 11–12 o’clock 
– juicy feeds, rice porridge and biscuits, 14–15 o’clock 
– granulated feed mixture. The water was provided ad 
libitum and met the requirements of SanPiN 2.1.4.1074-
01, GN 2.1.5.1315-03, GN 2.1.5.2280-0715,16,17.
9 Ibid.
10 Product monograph including patient medication information 
Nplate® romiplostim for injection. Available from: https://www.
amgen.ca/-/media/Themes/CorporateAffairs/amgen-ca/amgen-ca/
documents/products/en/nplate_pm.pdf.
11 CHMP assessment report for Nplate®. Procedure No. EMEA/H/C/942. 
EMEA/654269/2008, 2022. 
12 Decision of Council of the Eurasian Economic Commission of 
November 3, 2016 No. 89 “About approval of Rules of carrying out 
researches of biological medicines of the Eurasian Economic Union”.
13 Ibid. 
14 Ibid.
15 SanPin 2.1.4.1074-01. Drinking water Hygienic requirements for 
water quality of centralized drinking water supply systems. Quality 
control.
16 GN 2.1.5.1315-03 Maximum allowable concentrations (MACs) 
of chemicals in the water of water objects used for drinking and 
domestic recreation purposes. Available from: https://files.stroyinf.ru/
Data2/1/4294815/4294815336.pdf
17 GN 2.1.5.2280-07 “Maximum permissible concentration (MPC) of 
chemical substances in water of water bodies of household, drinking and 
cultural and household water use. Available from: http://pravo.gov.ru.
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Mortality, appearance (skin, hair, eyes, nose, 
respiration, stool, mucous membranes, posture, behavior 
and coordination) and feed intake were assessed daily 
during the study. Weight, body temperature, respiratory 
rate (RR) were assessed on days 0, 15 and 29 along with 
urine and blood sampling of the animals.

Urine samples were taken from the cell tray into 
test tubes. The following indicators were analyzed: color, 
transparency, specific gravity (density), pH, protein 
(UP), glucose (GLU), bilirubin (BIL), ketone bodies (KET), 
erythrocytes (ERY), leukocytes (LEY), urobilinogen 
(UBG). The analysis was carried out on a DocUReader 2 
PRO analyzer using test strips from the same company.

Blood sampling for clinical analyses was carried out 
in Microvette Sarstedt capillary tubes, 200 µl, with K3-
EDTA. The following indicators were determined in the 
blood samples of the experimental animals: hemoglobin 
(Hgb), erythrocyte count (RBC), leukocyte count (WBC), 
leukocyte formula (LYM), monocytes (MON), neutrophils 
(NE), eosinophils (EO), basophils (BA), platelet count 
(Plt), hematocrit (Hct), mean cell volume (MCV), 
mean cell hemoglobin (MCH), mean cell hemoglobin 
concentration (MCHC), thrombocrit (PCT), mean platelet 
volume (MPV), relative platelet distribution width 
(PDW). The analysis was carried out on an automatic 
hematological analyzer MEK 7300K (EKO-MED-S M LLC, 
Russia). The reagents for the hematological analyzer 
from Nihon Kohden (Firenze S.r.l., South Italy) were 
used for the analyses. The number of cells was counted 
by the volume resistance method; the hemoglobin 
concentration was determined by a spectrophotometric 
method; hematocrit, thrombocrit, platelet and 
erythrocyte distribution widths were calculated by 
histograms.

To determine biochemical parameters, 18 hours 
before blood sampling, the animals were deprived 
of food, while maintaining a free access to the water. 
Blood sampling was carried out in test tubes to obtain 
serum with a clot activator and gel VACUETTE (5 or 8 
ml) from the left inguinal vein. The serum was obtained 
from the blood by the usual method: incubation at 
room temperature for 30 min, centrifugation at 3500 
rpm. The following parameters were evaluated: alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), de Ritis ratio, total protein (TP), albumin (ALB), 
globulin (GLB), albumin/globulin ratio (ALB/GLB), 
alkaline phosphatase (ALP), total bilirubin (TB), total 
cholesterol (CHOL), creatinine (CRE), glucose (GLU), 
lactate dehydrogenase (LDH), triglycerides (TGs), sodium 
(Na+), potassium (K+), urea (UREA). Biochemical blood 
analysis was carried out on a BioLit-8020 biochemical 

analyzer (URIT Medical Electronic Group Co., Ltd, China). 
The reagents produced by DAC, Moldova were used 
for the analysis. The measurement method used was 
colorimetry (kinetics, the end point).

For the coagulometric analysis, the blood was 
taken into S-Monovette® vacuum tubes (Germany) 
with a piston of 1.4 ml. To study the effect on the blood 
coagulation system, activated partial thromboplastin 
time (APTT), prothrombin time (PT), and fibrinogen 
were analyzed. The analysis for the coagulation 
hemostasis was carried out on a coagulometer TS 
4000 Plus (Russia). The PV-clotting method is based on 
determining the clotting time of citrated blood plasma 
under the action of a mixture of thromboplastin and 
calcium ions. The method for determining APTT is the 
following: a reagent, which is an aqueous solution of 
ellagic acid in combination with soy phospholipids, and 
calcium chloride are sequentially added to the studied 
blood plasma. In the process of measuring the APTT, the 
time from the moment of adding calcium ions to the 
moment of clot formation is recorded. Fibrinogen was 
determined by the Clauss method.

Statistical processing of analysis results
The in vivo statistical data processing part was 

carried out using software packages R version 3.5.2. 
For all the data, descriptive statistics was applied: the 
data were checked for compliance with the normal 
distribution law using the Shapiro-Wilk`s W test. In 
case of a normal distribution, the mean value and 
standard deviation were calculated, which, together 
with the value of n (number of observations), are 
presented in the final tables. If the data did not 
comply with the normal distribution law, the median 
and quartile range were calculated. When identifying 
intergroup differences in the data with signs of the 
normal distribution, the Student’s t-test was used, and 
in the data with signs of abnormal distribution, it was 
the Mann-Whitney U-test.

In the applicable cases, in intergroup and intragroup 
comparisons, the indicators obtained for the animals at 
different times of the experiment, were compared. To 
assess the intragroup dynamics in the data with signs of 
normal distribution, the Student’s t-test was used, and 
in the data with signs of abnormal distribution, it was 
Friedman’s test. Fisher’s exact test was used to analyze 
the manifestation frequencies of some parameters (the 
level of erythrocytes in the urine).

The comparison results were considered statistically 
significant at p ≤0.05. The data graphical presentation 
was carried out in GraphPad Prism 9.3.1.471.
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Table 1 – Scheme of experimental animals distribution by groups

Group 
No.

Animals
Test object/
reference standard

Route  
of administration

Dose, 
µg/kg

Duration  
of administrationGender Number  

in the group
1 ♂ 6 GP40141

Subcutaneously
100 28 days,  

once/72 hours2 ♂ 6 Romiplostim 100
Note: ♂ – male.

Table 2 – Indicators of CDC relative activity for romiplostim

Sample EC50, ng/ml R2 Relative activity, %

GP40141 (ng/ml) + Complement (1:14) 0.128 0.995 72%
GP40141 (ng/ml) 0.093 0.989 n/a
Romiplostim (ng/ml) + Complement (1:14) 0.084 0.994 87%
Romiplostim (ng/ml) 0.073 0.992 n/a
Sample IC50, ng/ml R2 Relative activity, %
Rituximab RM-RX-03 + complement (1:7) 125.6 0.951 n/a
Rituximab RM-RX-02 + complement (1:7) 121.7 0.948 n/a

Note: n/a – not applicable, R2 – coefficient of determination, EC50 – half-maximal effective concentration, IC50 – half-maximal inhibition 
concentration. EC50 and IC50 were calculated using 11 concentration points in 3 replicates.

Table 3 – Dynamics of changes in experimental animals’ average weight (g) by groups, n=6

Group Parameter
Measurement day

0 15 29

GP40141 (Group 1)
Mean±SD 3 483±397.1 3 525±248,5 3 600±249.0
T-test, p Background/Day n/a 0.83 0.56

Romiplostim (Group 2)
Mean±SD 3 150±405.0 3 116.7±469.8 3 158±453.2
T-test, p Background/Day n/a 0.90 0.97
T-test, p, Group 1/Group 2 0.07 0.06 0.05

Note: Mean – statistical mean, SD – standard deviation, T-test – Student’s t-test.

Table 4 – Dynamics changes in the average body temperature by groups of experimental animals, n=6

Group Parameters
Measurement day

0 15 29

GP40141 (Group 1)
Mean±SD 38.68±0.24 38.80±0.18 38.63±0.26
T-test, p Background/Day n/a 0.36 0.74

Romiplostim (Group 2)
Mean±SD 38.68±0.35 38.60±0.27 38.50±0.36
T-test, p Background/Day n/a 0.79 0.39
T-test, p, Group 1/Group 2 1.0 0.24 0.48

Note: Mean – statistical mean, SD – standard deviation, T-test – Student’s t-test.

Table 5 – Dynamics of changes in average RR/min of experimental animals by groups, n=6

Group Parametrs
Measurement day

0 15 29

GP40141 (Group 1)
Mean±SD 39.00±4.10 34.83±4.83 32.17±2.48
T-test, p Background/Day n/a 0.14 0.006

Romiplostim (Group 2)
Mean±SD 34.17±2.71 33.50±3.02 32.83±2.14
T-test, p Background/Day n/a 0.70 0.37
T-test, p, Group 1/Group 2 0.04 0.58 0.63

Note: Mean – statistical mean, SD – standard deviation, T-test – Student’s t-test.
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Table 6 – Indicators dynamics of clinical urine analysis, n=6

Group Date Parameter
Indicators

eDensity,
g/ml рН UP,

mg/dl
GGLU,
ml/dl

LEY,
cells/µl

BIL,
ml/dl

UBG,
mg/dl

KET,
mg/dl

GP
40

14
1 

(G
ro

up
 1

)

Background Me (Q1; Q3)
1
(1;1)

8.0 
(7.0; 8.6)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

15 days Me (Q1; Q3)
1
(1;1)

9.0
(8.9; 9.0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

29 days
Me (Q1; Q3)

1
(1;1)

8,25
(7.5; 8.5)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

Friedman test, p >0.05 >0.05 >0.05 >0.05 >0,05 >0.05 >0.05 >0.05

Ro
m

ip
lo

st
im

 (G
ro

up
 2

)

Background Me (Q1; Q3)
1
(1;1)

8.0
(7.4; 9.0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

15 days

Me (Q1; Q3)
1
(1;1)

8.5
(8.4; 9.0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

U-criterion,
p Group 1/
Group 2 

>0.05 >0.05 >0.05 >0.05 >0,05 >0.05 >0.05 >0.05

29 days

Me (Q1; Q3)
1
(1;1)

8.25
(6.9; 8.6)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

0
(0;0)

Friedman test, p >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
U-criterion,
p Group 1/
Group 2 

>0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Note: Me – median; Q1 – 1 quartile; Q3 test – 3 quartile; U-test – Mann-Whitney U-test; TP – total protein; GLU – glucose; LEY – leukocytes; BIL – 
bilirubin; UBG – urobilinogen; KET – ketone bodies.

Table 7 – Frequency of erythrocytes manifestation in urine (5–10 cells/μl),  
according to results of clinical urine analysis, n=6

Measurement day GP40141 (Group 1) Romiplostim (Group 2) Fisher’s exact test
(intragroup analysis), p

Background 1/6 1/6 >0.05
Day 15 1 1/6 >0.05
Day 29 1 1 >0.05
Fisher’s exact test
(intragroup analysis), background/day 15, p >0.05 >0.05 –

Fisher’s exact test
(intragroup analysis), background/day 29, p >0.05 >0.05 –

Table 8 – Intralaboratory norms for indicators of clinical urine analysis

Indicator, unit of measurement Value range
Specific gravity (density), g/ml 1.0–1.030
Hydrogen index (pH) 5–9
Total protein (TP), mg/dl 0–15
Glucose (GLU), ml/dl 0–40
Erythrocytes (ERY), cells/µl 0–10
Leukocytes (LEY), cells/µl 0–20
Bilirubin (BIL), ml/dl 0–0.5
Urobilinogen (UBG), mg/dl 0–1.8
Ketone bodies (KET), mg/dl 0–50

DOI: 10.19163/2307-9266-2022-10-4-354-370
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Table 9 – Hematological parameters of experimental animals groups, n=6

Gr
ou

p

Da
te

Pa
ra

m
et

er Parameter

RBC, 
1012/l MCV, fl Hgb, g/l MCH, pg MCHC, 

g/l Hct, % Plt×109/l PCT, % MPV, fl PDW, %

GP
40

14
1 

(G
ro

up
 1

)
Ba

ck
- 

gr
ou

nd

M
ea

n±
SD

6.6±0.56 63.7±4.55 126±4.4 19.3±1.70 303±6.9 41.5±1.24 309±68.0 0.2±0.04 8.0±0.75 16.5±0.36

15
 d

ay
s

M
ea

n±
SD

6.1±0.62 63.8±4.86 115±2.1 18.9±1.73 297±7.7 38.7±1.57 757±183.2 0.5±0.09 7.0±0.66 17.8±0.74

T-
te

st
, p

  
Ba

ck
- 

gr
ou

nd
/ 

15
 d

ay
s

0.24 0.97 0.0003 0.71 0.21 0.006 0.0002 <0.0001 0.03 0.003

29
 d

ay
s

M
ea

n±
SD

5.8±0.28 62.7±4.83 109±7.0 19.0±1.70 303±7.1 36.2±2.06 717±153.6 0.5±0.07 6.4±0.66 17.3±0.72

T-
te

st
, p

 B
ac

k-
 

gr
ou

nd
/ 

29
 d

ay
s

0.01 0.74 0.0007 0.73 0.84 0.0003 0.0001 0.0001 0.002 0.04

T-
te

st
, p

  
15

/2
9 

da
ys 0.25 0.77 0.10 0.97 0.29 0.04 0.68 0.16 0.13 0.25

Ro
m

ip
lo

st
im

 (G
ro

up
 2

)
Ba

ck
- 

gr
ou

nd

M
ea

n±
SD

6.6±0.53 63.2±2.45 123±4.4 18.8±1.02 298±6.7 41.4±2.24 308±99.5 0.2±0.06 7.7±0.75 16.9±0.93

15
 d

ay
s

M
ea

n±
SD

6.4±0.57 63.0±2.93 120±7.6 18.7±1.22 297±8.5 40.4±2.91 818±249.5 0.6±0.16 7.0±0.39 17.8±0.85

T-
te

st
, p

 
Ba

ck
gr

ou
nd

/
15

 d
ay

s

0.65 0.93 0.35 0.90 0.82 0.51 0.0009 0.0006 0.09 0.11

Т-
te

st
, р

, 
Gr

ou
p 

1/
 

Gr
ou

p 
2

0.41 0.82 0.18 0.79 0.86 0.24 0.64 0.54 0.96 0.94

29
 d

ay
s

M
ea

n±
SD

5.6±0.48 62.3±2.71 105±5.3 18.7±1.24 300±10.5 35.0±2.62 661±194.3 0.5±0.12 7.0±0.42 17.5±0.98

T-
te

st
, p

 
Ba

ck
gr

ou
nd

/  
29

 d
ay

s

0.009 0.56 <0.0001 0.92 0.66 0.001 0.003 0.002 0.08 0.34

T-
te

st
, 

p 
15

/2
9 

da
ys 0.03 0.66 0.003 0.98 0.56 0.007 0.25 0.19 0.89 0.52

Т-
te

st
, р

, 
Gr

ou
p 

1/
Gr

ou
p 

2

0.50 0.84 0.22 0.78 0.66 0.39 0.59 0.91 0.08 0.69

Note: Mean – statistical mean; SD – standard deviation; T-test – Student’s t-test; RBC – erythrocyte count; MCV – mean cell volume; Hgb – 
hemoglobin; MCH – mean cell hemoglobin; MCHC – mean cell hemoglobin concentration; Hct – hematocrit; Plt – platelet count; PCT – thrombocrit; 
MPV – mean platelet volume; PDW – relative platelet distribution width.
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Table 10 – Experimental animals’ leukocyte formula by groups, n=6

Group Date Parameter WBC,  
×109/l MON, % LYM, % NE, % EO, % BA, %

GP
40

14
1 

)G
ro

up
 1

) Back 
ground Mean±SD

9.5±2.91 4.2±1.13 34.4±6.42 59.0±6.89 1.9±1.38 0.6±0.41

15 days
Mean±SD 11.0±2.53 4.4±0.83 33.7±6.00 59.0±6.66 2.4±1.41 0.6±0.27
Т-test, p Background/15 days 0.34 0.82 0.85 0.98 0.59 1.00

29 days
Mean±SD 11.8±2.65 4.7±1.84 30.1±5.87 63.0±4.33 1.4±0.67 0.8±0.32
Т-test, p Background/29 days 0.17 0.57 0.25 0.25 0.47 0.41
Т-test, p 15/29 days 0.60 0.65 0.32 0.25 0.18 0.31

Ro
m

ip
lo

st
im

 (G
ro

up
 2

)

Back- 
ground Mean±SD 9.2±1.73 4.2±1.06 35.4±8.41 58.0±7.60 1.6±1.28 0.8±0.27

15 days
Mean±SD 11.3±2.25 3.9±0.99 32.1±10.08 61.9±11.38 1.5±0.96 0.6±0.37
Т-test, p Background /15 days 0.10 0.62 0.55 0.50 0.88 0.39
Т-test, р, Group 1/Group 2 0.87 0.43 0.75 0.61 0.26 0.93

29 days

Mean±SD 14.2±5.53 5.2±1.47 24.5±14.08 67.4±15.58 2.0±2.87 0.9±0.29
Т-test, p Background /29 days 0.06 0.21 0.13 0.21 0.75 0.43
Т-test, p 15/29 days 0.26 0.11 0.31 0.50 0.68 0.15
Т-test, р, Group 1/Group 2 0.37 0.64 0.39 0.52 0.63 0.58

Note: Mean – statistical mean; SD – standard deviation; T-test – Student’s t-test; WBC – leukocytes; MON – monocytes; LYM – lymphocytes; NE – 
neutrophils; EO – eosinophils; BA – basophils.

Table 11 – Biochemical parameters of animal blood (part 1), n=6

Gr
ou

p

Da
te Parameter

Indicators
GLU
Mmol/l

ALP
U/l

ALT
U/l

AST
U/l dRR LDH

U/l
TB
Mmol/l

UREA
Mmol/l

GP
40

14
1 

(G
ro

up
 1

)

Ba
ck

gr
ou

nd

Mean±SD 4.0±0.96 1 064±322.3 26.7±5.99 37.0±8.85 0.8±0.29 579±197.3 4.7±1.30 6.1±0.37

15
 d

ay
s Mean±SD 4.3±0.55 1 238±141.3 31.2±4.49 45.7±12.31 0.7±0.16 651±165.2 7.5±2.99 6.2±0.37

Т-test, p  
Background/15 days 0.54 0.053 0.17 0.19 0.90 0.51 0.06 0.60

29
 d

ay
s Mean±SD 4.5±1.64 1 142±365.3 28.5±5.82 41.2±16.74 0.8±0.19 543±314.0 4.6±1.93 6.2±0.57

Т-test, p  
Background/29 days 0.48 0.71 0.60 0.60 1.00 0.82 0.96 0.68

Т-test, p, 15/29 days 0.70 0.15 0.40 0.61 0.87 0.47 0.07 1.00

Ro
m

ip
lo

st
im

 (G
ro

up
 2

) Ba
ck

gr
ou

nd

Mean±SD 5.7±1.29 1 294±245.9 29.2±9.93 39.0±17.33 0.8±0.15 693±96.4 4.9±1.11 8.8±1.13

15
 d

ay
s

Mean±SD 4.0±1.39 1 363±133.1 31.3±7.94 36.0±10.26 0.9±0.12 675±83.7 6.9±1.31 8.8±0.97
Т-test, p  
Background/15 days 0.06 0.56 0.69 0.72 0.31 0.73 0.02 0.98

Т-test, р, Group 1/ 
Group 2 0.67 0.75 0.97 0.17 0.14 0.76 0.64 0.0001

29
 d

ay
s

Mean±SD 4.7±1.24 1 322±159.0 35.5±12.60 37.5±15.14 1.0±0.23 699±141.5 5.1±1.35 9.0±1.16
Т-test, p Background/ 
15 days 0.22 0.82 0.36 0.88 0.08 0.93 0.73 0.77

Т-test, p 15/29 days 0.37 0.64 0.51 0.84 0.23 0.72 0.04 0.77
Т-test, р, Group 1/ 
Group 2 0.85 0.29 0.24 0.70 0.06 0.29 0.61 0.0003

Note: Mean – statistical mean; SD – standard deviation; T-test – Student’s t-test; GLU – glucose; ALP – alkaline phosphatase; ALT – alanine 
aminotransferase; AST – aspartate aminotransferase; LDH – lactate dehydrogenase; TP – total protein; UREA – urea; dRR - de Ritis ratio.
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Table 12 – Biochemical parameters of animal blood (part 2), n=6

Gr
ou

p

Da
te Parameter

Indicators
CRE
Mmol/l

CHOL
Mmol/l

TG
Mmol/l

TP
g/l

ALB
g/l

GLB
g/l ALB/ GLB K+

Mmol/l
Na+

Mmol/l

GP
40

14
1 

(G
ro

up
 1

)
Ba

ck
- 

gr
ou

nd

Mean±SD 144±25.2 3.5±1.18 0.4±0.09 71.7±15.00 41.7±9.14 30.0±7.4 1.4±0.29 4.2±0.90 118±2.4

15
 d

ay
s Mean±SD 164±18.9 3.9±0.81 0.5±0.23 79.2±11.58 49.2±3.87 30.0±12.8 2.1±1.41 5.2±0.86 115±2.7

Т-test, p 
Background/ 
15 days

0.16 0.47 0.18 0.36 0.09 1.00 0.26 0.07 0.07

29
 d

ay
s

Mean±SD 138±28.6 5.1±0.71 0.5±0.26 70.8±10.63 40.3±6.80 30.5±3.94 1.32±0.09 4.23±1.04 116±10.3
Т-test, p 
Background/ 
29 days

0.71 0.34 0.25 0.91 0.78 0.89 0.41 0.89 0.63

Т-тест, p 
15/29 days 0.10 0.35 0.95 0.22 0.02 0.93 0.19 0.12 0.85

Ro
m

ip
lo

st
im

 (G
ro

up
 2

)
Ba

ck
- 

gr
ou

nd

Mean±SD 143±9.5 4.1±0.84 0.3±0.18 83.0±4.29 45.2±1.72 37.8±3.92 1.2±0.13 4.7±0.50 144±9.6

15
 d

ay
s

Mean±SD 148±16.6 4.6±1.02 0.5±0.14 84.5±5.28 47.3±3.67 37.2±5.42 1.3±0.29 5.2±0.71 150±5.1
Т-test, p 
Background/ 
15 days

0.54 0.42 0.11 0.60 0.22 0.81 0.45 0.15 0.22

Т-test, р, 
Group 1/
Group 2

0.14 0.23 0.92 0.33 0.42 0.23 0.19 0.91 <0.0001

29
 d

ay
s

Mean±SD 140±9.3 3.9±0.38 0.4±0.32 84.5±5.54 46.5±3.83 38.0±3.95 1.2±0.17 4.9±0.55 148±4.1
Т-test, p 
Background/ 
29 days

0.59 0.61 0.70 0.61 0.46 0.94 0.73 0.40 0.39

Т-test, p 
15/29 days 0.33 0.17 0.49 1.00 0.71 0.77 0.62 0.46 0.47

Т-test, р, 
Group 1/
Group 2

0.93 0.35 0.55 0.02 0.08 0.01 0.31 0.17 <0.0001

Note: Mean – statistical mean; SD – standard deviation; T-test – Student’s t-test; CRE – creatinine; CHOL – cholesterol; TG – triglycerides; TB – total 
bilirubin; ALB – albumin; GLB – globulin; ALB/GLB – albumin/globulin ratio.

Figure 1 – Chemical structure of romiplostim
Note: romiplostim is a recombinant protein consisting of an Fc receptor domain at the N-terminus fused to a thrombopoietin receptor-binding 
domain at the C-terminus.

N-terminus

Fc carrier domain

Thrombopoietin receptor-
binding domain

C-terminus
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Figure 2 – Graphs of complement-dependent cytotoxicity.
Note: A – rituximab CDC, B – romiplostim CDC.
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Figure 3 – Indicators of hematological analysis
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RESULTS
In vitro complement dependent cytotoxicity
Series 1107017A of the innovator romiplostim 

and its biosimilar GP40141 were analyzed to 
evaluate CDC; the data are presented in Fig. 2 and 
Table 2. The rituximab CDC test was considered as 
a reference example of complement-dependent 
cytotoxicity (Fig. 2A). For the CDC romiplostim test, 
the EC50 was calculated relative to the control 
without the addition of the TO and the complement. 
For this, first the values were normalized in the 
GraphPad Prism 9 Program, and then a logarithmic 
response curve was built up. It has a symmetrical 
sigmoidal shape and is also called a four-parameter 
dose-response curve. Rituximab CDC was calculated 
in a similar way.

The main action mechanism of rituximab is realized 
through complement-dependent cytotoxicity [21-24]. 
Fig. 2A shows the dose-dependence of this effect: as 
the concentration of rituximab increases, the viable 
cell signal decreases. In contrast to rituximab for 
romiplostim (Fig. 2B), on the contrary, with an increase 
in the concentration of the drug, the signal of viable 
cells increases, which is a consequence of its direct 
biological action – binding to thrombopoietin receptors 
and inducing cell proliferation. In order to distinguish the 
proliferation from CDC, the samples with and without 
complement were additionally considered: there 
were no differences and there was no clear decrease 

in the signal for the samples in the presence of the 
complement.

For the obtained EC50 values, the relative activity 
was calculated by comparing the values for the drug 
without complement versus the drug with complement 
in percentage. For the original drug, romiplostim, and 
GP40141, similar values of 87% and 72% were obtained; 
they can be considered insignificant due to the absence 
of a decrease in the cell viability signal when the drug is 
stimulated together with the complement.

In vivo safety study
The comparative safety results of the original drug 

romiplostim and its biosimilar GP40141 on 12 male 
Macaca fascicularis are presented in Tables 3–5 and 
Fig. 3–5.

Influence on animals’ general condition
Throughout the entire period of the experiment, 

there were no deviations in the animals’ clinical status of 
feed intake in any of the experimental groups, and there 
was no mortality observed.

Influence on body weight dynamics
The experimental animals’ body weight data and 

their statistical processing are presented in Table 3.
According to the results of statistical processing, 

no significant differences were found between the 
experimental animals’ average weight before the start 

Figure 4 – Indicators of biochemical blood test

Figure 5 – Indicators of coagulation hemostasis
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of the experiment with subsequent days of observation 
within the groups (days 15 and 29). Intergroup differences 
on the 29th day are due to the fact that one of the males 
showed a pronounced increase in body weight (11%), 
which led to a decrease in SD and the emergence of 
statistically significant differences between the groups 
in the absence of the difference in the dynamics of body 
weight gain. These differences not related to the effect 
of drugs, but due to the individual growth dynamics of 
this animal.

Influence on body temperature
The values of body temperature and the results of 

statistical processing are shown in Table 4.
At the studied time points, the experimental 

animals’ body temperature remained within the normal 
range and did not change significantly relative to the 
background values.

Influence on respiratory rate
The respiratory rate was measured by counting 

the respiratory movements of the animals before the 
administration of the drug, as well as on the 15th and 
29th days. The results of statistical processing are shown 
in Table 5.

From the results of statistical processing, it follows 
that in Macaca fascicularis of the both groups, the 
background values of the respiratory rate were higher 
than on the following days: the dynamics of changes was 
the same. A significant difference in the first group relative 
to the initial values in 29 days after the introduction of 
the test object is due to the high background values in 
some (2 out of 6) animals. A significant difference in the 
background values between the Macaca fascicularis 
groups is also a consequence of a large respiratory rates 
variability in Macaca fascicularis of the 1st group. Given 
this, it can be said that the drugs had a comparable 
effect on the animals’ respiratory rates.

Influence on indicators of clinical urine analysis
The analysis was carried out in dynamics – before 

the introduction of the objects, on the 15th and 29th days. 
All the animals had yellow and clear urine throughout 
the experiment. A summary table with the main results 
of the clinical urine analysis is presented in Table 6.

Table 7 separately presents the results of 
erythrocytes indicators in the animals’ urine. This 
is due to the fact that in some animals during the 
experiment, the number of erythrocytes equal to 
5–10 cells/µl was recorded. Fisher’s exact test was 
used for comparison. According to the results of the 

comparison, it was found out that there were no 
differences in the dynamics of groups or between the 
groups at similar time points.

Throughout the experiment, the urine indicators  
did not go beyond the limits of intralaboratory norms, 
either (Table 8). All these make it possible to conclude 
that the studied preparations did not affect the animals’ 
urine.

Influence on parameters of clinical blood analysis
The analysis was carried out in dynamics – before 

the introduction of the objects, on the 15th and 29th 
days. Summary tables with the results of the clinical 
analysis are presented in Tables 9 and 10. The data of the 
clinical blood test indicators, for which the intergroup 
differences were observed, are presented in Fig. 3.

There were no differences between the groups 
in any of the clinical blood tests. However, when 
analyzing the differences in the dynamics within 
the groups, an increase in the number of platelets 
(Plts), thrombocrit (PCT), as well as a decrease in the 
number of erythrocytes (RBCs), hemoglobin (Hgb) and 
hematocrit (Hct) was observed in both groups. In the 
first group, on the 15th and 29th days, these indicators 
differed significantly from the background (p <0.05), in 
the second group, they differed on the 29th day relative 
to the background and the 15th day (p <0.05). There was 
also an increase in the platelet distribution index (PDW) 
in group 1 and a similar trend in group 2, as well as a 
decrease in the mean platelet volume (MPV) within the 
groups on days 15 and 29 relative to the baseline values 
(Fig. 6). Since these indicators had similar dynamics 
(relative to the baseline values) in the groups treated 
with GP40141 and romiplostim, with a high degree of 
probability, it can be argued that they had comparable 
effects on hematological parameters. Similar changes 
were notified in the studies of the original drug and 
associated with its primary pharmacodynamics18,19.

Influence on the parameters of 
a biochemical blood test
The analysis was carried out in dynamics – before 

the introduction of the objects, on the 15th and 29th 

days. The data of biochemical blood indicators analysis 
are presented in Tables 11 and 12, and the indicators 
for which intergroup differences were observed are 
presented in Fig. 4.

The evaluation of intragroup dynamics showed 
only an increase in the level of bilirubin on the 15th 
18 CHMP assessment report for Nplate®. Procedure No. EMEA/H/C/942. 
EMEA/654269/2008. 
19 Product monograph including patient medication information 
Nplate® romiplostim for injection. 

DOI: 10.19163/2307-9266-2022-10-4-354-370



368

ISSN 2307-9266   e-ISSN 2413-2241

 RESEARCH ARTICLE

Volume X, Issue 4, 2022

day, compared with baseline values in both groups  
(p <0.05). When evaluating the intergroup dynamics, it 
was notified that throughout the experiment, groups 
1 and 2 did not differ from each other in any indicator, 
except the content of urea and sodium in the blood  
(p <0.05).

Influence on blood coagulation system
In dynamics – on days 0, 15 and 29 – the blood 

was taken from the experimental animals to assess the 
parameters of coagulation hemostasis. The data of the 
obtained results are presented in Fig. 5.

The administration of the original drug romiplostim 
and GP40141 did not lead to changes in the parameters 
of coagulation hemostasis, no significant differences 
were found out either between the groups of the 
monkeys, or between the background values and the 
results on days 15 and 29 after the introduction of the 
objects.

DISCUSSION
Complement-dependent cytotoxicity for the original 

drug romiplostim, as well as for its analogue GP40141, 
was not observed for the 32D hTPOR clone 63 lines. 
The main mechanism of the romiplostim action is 
associated with the activation of signaling pathways that 
promote cells viability, their growth, megakaryocyte 
endomitosis, and maturation of megakaryocytes and, 
what is important, a platelet production [9]. The Fc–area 
of the romiplostim molecule does not specifically bind 
to complement proteins and therefore does not elicit an 
immune response.

According to the results of in vivo studies, the 
original drug romiplostim and its biosimilar GP40141 
can be considered comparable in terms of the safety 
profile. During the study, no deviations in the clinical 
status of the animals were recorded, and neither 
mortality in the groups was notified. Body weight 
and respiratory rate had similar dynamics throughout 
the experiment. There were no differences in the 
indicators of coagulation hemostasis and clinical 
urinalysis either; the dynamics according to these 
indicators was similar. The values of most of the clinical 
blood analysis indicators remained stable compared 
to the baseline values. The exception was an increase 

in the number of platelets and thrombocrit, as well as 
a decrease in the level of erythrocytes, hemoglobin 
and hematocrit, the intergroup differences were not 
observed in any of the indicators. On the 15th day, the 
analysis of blood biochemical parameters revealed only 
an increase in the level of bilirubin, compared with the 
initial values in both groups, and when assessing the 
intergroup dynamics, it was notified that throughout 
the experiment, groups 1 and 2 did not differ from 
each other in any indicator, except urea and sodium 
levels in the blood. Considering that the differences 
were observed at each measurement point (before the 
administration, on days 15 and 29), while the dynamics 
of the indicators did not differ between the groups, we 
it can be said that these differences are not due to the 
action of the drugs, but reflect the initial difference 
in the groups. All these indicate that the study drugs 
had a comparable effect on the blood biochemical 
parameters.

CONCLUSION
The comparison of safety profiles for the original 

drug romiplostim and its biosimilar GP40141 both in 
vitro and in vivo showed similar results. For the in vitro 
CDC test, when the complement was added, the drugs 
showed a proliferative activity, and there was no cells 
death. Based on the data obtained as a result of the 
in vivo study, it can be concluded that GP40141 (TO) 
and romiplostim (RF) were satisfactorily tolerated by 
the animals, there were no deviations in food intake, 
no deviations in the clinical status and deaths were 
recorded. The introduction of the test object and the 
standard object did not lead to a significant change in 
the weight and body temperature of the experimental 
animals compared to the initial values. There were 
no differences in urine and hemostasis parameters 
throughout the study either. The revealed changes 
in hematological parameters were unidirectional in 
both groups and were associated with the primary 
pharmacodynamics of GP40141 (TO) and romiplostim 
(RF). The changes in biochemical blood parameters were 
also unidirectional in both groups. According to the 
results of in vivo studies, it can be concluded that the 
toxicological profile for the drugs is similar and they are 
comparable in terms of the safety profile.
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