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Nitric oxide as a therapeutic approach to the treatment of cardiovascular diseases attracted the attention of researchers at 
the end of the 19th century. As a vasodilator, nitric oxide may be a unique therapeutic agent for the treatment of hyperten-
sion and, as a result, renal failure and left ventricular hypertrophy.
The aim of the article is to analyze the literature data on possible ways of modulating the activity of various nitric oxide syn-
thases as an approach to the treatment of endothelial dysfunction.
Materials and methods. When searching for materials for writing a review article, such abstract databases as PubMed, Goo-
gle Scholar, e-Library, etc., were used. The search was carried out on the publications for the period from 1990 to 2021. The 
following words and phrases were chosen as parameters for the literature selection: nitric oxide; NO synthase; endothelial 
dysfunction; NO synthase activator; NO synthase inhibitor.
The following words and phrases were chosen as parameters for the literature selection:
Results. The article presents the history of the nitric oxide discovery and its biological role, the process of its biosynthesis, as 
well as the isoforms of its synthesizing enzymes (NOS): neuronal – nNOS, endothelial – eNOS and inducible iNOS, and their 
role in normal and pathological physiology. The process of NOS uncoupling (its molecular mechanisms) has been considered 
as the basis of endothelial dysfunction. 
The examples of the pharmacological correction (BH4, arginase inhibitors, statins, resveratrol) are presented. In addition, NO 
synthase activators (calcium dobesilate, cavNOxin, and some NOS transcription activators), as well as non-selective (L-NM-
MA, 1-NNA, L-NAME, ADMA, 546C88, VAS203) and selective (L-NIO, 7-nitroindazole, aminoguanidine, L-NIL, GW273629, 
GW274150, cavtratin) inhibitors of nitric oxide synthasehave been described.
Conclusion. Nitric oxide synthases continue to be promising targets for the development of agents that modulate their 
activity to correct various pathologies. As a therapeutic approach, modulation of the nitric oxide synthase activity can be 
implemented to treat endothelial dysfunction, which is the cause for complications of many diseases.
Keywords: nitric oxide (II); NO synthase; endothelial dysfunction; cavNOxin; resveratrol; aminoguanidine
Abbreviations: 7-NI – 7-Nitroindazole; ADDP – 6-Acetyl-7,7-dimethyl-5,6,7,8-tetrahydropterin; ADMA – asymmetric dimeth-
ylarginine; AMPK – adenosine monophosphate-activated protein kinase; AP-1 – activating protein-1; AP-2 – activating pro-
tein-2; ApoE – apolipoprotein E; BH2 – dihydrobiopterin; BH3 – trihydrobiopterin; BH4 – tetrahydrobiopterin; CaD – Calcium 
Dobesilate; cNOS – constitutive nitric oxide synthase; CO – carbon monoxide; DDAH – dimethylarginine dimethylaminohydro-
lase; DHFR – dihydrofolate reductase; eNOS, NOS3 – endothelial nitric oxide synthase; ER – estrogen receptor; FGF – fibroblast 
growth factor; FPP – farnesyl pyrophosphate; GGPP – geranylgeranyl diphosphate; GSH – glutathione; GSSG – glutathione 
disulfide; GTPCH-I – guanosine triphosphate cyclohydrolase I; HUVEC – human umbilical vein endothelial cells; IFN-γ – inter-
feron gamma; iNOS, NOS2 – inducible nitric oxide synthase; L-NAME – NG-nitro-L-arginine; L-NIO – N(5)-(1-Iminoethyl)-L-orni-
thine; L-NMMA – NG-monomethyl-L-arginine; L-NNA – NG-nitro-l-arginine; NF-1 – neurofibromin 1; NF-kB – nuclear factor-kB; 
nNOS, NOS1 – neuronal nitric oxide synthase; NO – nitric oxide (II); NOHA – NG-hydroxy-L-arginine; NOCCL – NO-cleavable 
cross-linker; Nrf2, NFE2L2 – nuclear factor erythroid 2, (NF-E2)-related factor 2; ODQ – 1H-[1,2,4] oxadiazolo[4,3-a]quinox-
alin-1-one; PCSK9 – proprotein convertase subtilisin/kexin type 9; PI3K – phosphoinositide 3-kinase; PKA – protein kinase A; 
PKC – protein kinase C; ROCK – Rho-associated protein kinase; ROS – reactive oxygen species; SREBP-2 – Sterol regulatory 
element-binding protein 2; TGF – transforming growth factor; TNFα – Tumor necrosis factor alpha; VEGF-A – vascular endo-
thelial growth factor A; ABP – arterial blood pressure; ROI – reactive oxygen intermediate; GTP – Guanosine-5’-triphosphate; 
DNA – deoxyribonucleic acid; GIT – gastrointestinal tract; LDL(s) – low-density lipoproteins; LPS – lipopolysaccharide; mRNA 
– messenger ribonucleic acid; RA – rheumatoid arthritis; sGC – soluble guanylate cyclase; FAD – flavine adenine dinucleotide; 
FMN – flavin mononucleotide; cGMP – cyclic guanosine monophosphate; CNS – central nervous system. 
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Оксид азота как терапевтический подход к лечению сердечно-сосудистых заболеваний привлек внимание исследо-
вателей еще в конце XIX века. Являясь вазодилататором, оксид азота может быть уникальным терапевтическим сред-
ством для лечения гипертензии и, как следствие, почечной недостаточности и гипертрофии левого желудочка. 
Цель. Проанализировать данные литературы о возможных путях модуляции активности различных синтаз оксида 
азота в качестве подхода к терапии эндотелиальной дисфункции.
Материалы и методы. При поиске материала для написания обзорной статьи использовали такие реферативные 
базы данных, как PubMed, Google Scholar, e-Library, и др. Поиск осуществлялся по публикациям за период с 1990 
по 2021 гг. Параметрами для отбора литературы были выбраны следующие слова и словосочетания: оксид азота; 
NO-синтаза; эндотелиальная дисфункция; активатор NO-синтазы; ингибитор NO-синтазы.
Результаты. В статье представлена история открытия оксида азота и его биологическая роль, процесс его биосинтеза, 
а также изоформ ферментов его синтезирующих (NOS): нейрональной – nNOS, эндотелиальной – eNOS и индуцибель-
ной iNOS и их роль в нормальной и патологической физиологии. Рассмотрен процесс разобщения NOS (его молеку-
лярных механизмов) в качестве основы эндотелиальной дисфункции. Представлены примеры фармакологической 
коррекции (BH4, ингибиторы аргиназы, статины, ресвератрол). Кроме того, описаны активаторы синтаз NO (кальция 
добезилат, cavNOxin, и некоторые активаторы транскрипции NOS), а также неселективные (L-NMMA, 1-NNA, L-NAME, 
ADMA, 546C88, VAS203) и селективные (L-NIO, 7-нитроиндазол, аминогуанидин, L-NIL, GW273629, GW274150, кавтра-
тин) ингибиторы синтаз оксида азота. 
Заключение. Синтазы оксида азота продолжают оставаться перспективными мишенями для разработки средств, мо-
дулирующих их активность для коррекции различных патологий. В качестве терапевтического подхода модуляция 
активности синтазы оксида азота может быть реализована для лечения эндотелиальной дисфункции, являющейся 
причиной осложнений многих заболеваний.
Ключевые слова: оксид азота (II); NO-синтаза; эндотелиальная дисфункция; cavNOxin; ресвератрол; аминогуанидин
Список сокращений: 7-NI – 7-нитроиндазол; ADDP – 6-ацетил-7,7-диметил-5,6,7,8-тетрагидроптерин; ADMA – асим-
метричный диметиларгинин; AMPK – аденозинмонофосфат-активируемая протеинкиназа; AP-1 – activating protein-1 
(активирующий белок-1; AP-2 – активирующий белок-2; ApoE – аполипопротеину E; BH2 – дигидробиоптерин; BH3 
– тригидробиоптерин; BH4 – тетрагидробиоптерин; CaD – кальция добезилат; cNOS – конститутивная изоформа NO 
синтазы; CO – монооксид углерода; DDAH – диметиларгинин диметиламиногидролаза; DHFR –дигидрофолатредук-
таза; eNOS, NOS3 – эндотелиальная синтаза оксида азота; ER – рецепторы эстрогена; FGF – фактор роста фибробла-
стов; FPP – фарнезилпирофосфат; GGPP – геранилгеранилпирофосфат; GSH – глутатион; GSSG – дисульфид глутатиона; 
GTPCH-I – гуанозин трифосфат циклогидролаза I; HUVEC – эндотелиальные клетки пупочной вены человека; IFN-γ 
– интерферон-γ; iNOS, NOS2 – индуцибельная синтаза оксида азота; L-NAME – NG-нитро-L-аргинин; L-NIO – N(5)-(1-и-
миноэтил)-L-орнитин; L-NMMA – NG-монометил-L-аргинин; L-NNA – NG-нитро-L-аргинин; NF-1 – нейрофибромин 1; 
NF-kB – ядерный фактор-kB; nNOS, NOS1 – нейрональная синтаза оксида азота; NO – оксид азота (II); NOHA – NG-ги-
дрокси-L-аргинин; NOCCL – NO-расщепляемый сшивающий агент; Nrf2, NFE2L2 – ядерный фактор-2, подобный фак-
тору эритроидного происхождения 2; ODQ –1H-[1,2,4]оксадиазоло-[4,3-a]хиноксалин-1-он; PCSK9 – пропротеин кон-
вертаза субтилизин кексин 9; PI3K – фосфатидилинозитол-3-киназа; PKA – протеинкиназа А; PKC – протеинкиназа 
C; ROCK – Rho-ассоциированная протеинкиназа; ROS – активные формы кислорода; SREBP-2 – белок, связывающий 
регуляторный элемент стерола 2; TGF – трансформирующий фактор роста; TNFα – фактор некроза опухоли альфа; 
VEGF-A – фактор роста эндотелия сосудов А; АД – артериальное давление; АФК – активные формы кислорода; ГТФ 
– гуанозинтрифосфат; ДНК – дезоксирибонуклеиновая кислота; ЖКТ – желудочно-кишечный тракт; ЛПНП – липопро-
теины низкой плотности; ЛПС – липополисахарид; мРНК – матричная рибонуклеиновая кислота; РА – ревматоидный 
артрит; рГЦ – растворимая гуанилатциклаза; ФАД – флавинадениндинуклеотид; ФМН – флавинмононуклеотид; цГМФ 
– гуанозинмонофосфат; ЦНС – центральная нервная система.

INTRODUCTION
Nitric oxide (II) (NO) is characterized by a wide range 

of properties: from a toxic air pollutant to a pro-inflam-
matory mediator and regulator of the most important 
body functions (vasomotor, neurotransmitter).

NO, a colorless toxic gas, was first studied by а British 
chemist Joseph Priestley in 1772. A student of Theoph-
ile-Jules Peluza (who had developed nitrocellulose and 
other nitrosulfates), the Italian chemist Ascanio Sobrero, 
discovered nitroglycerin in 1847, for which he notified its 
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ability to reproducibly cause severe headaches. Another 
student of Peluz, Alfred Nobel, combined this highly un-
stable compound with kieselgur and patented it in 1867 
as a more stable commercial explosive dynamite.

In the workers involved in the production of nitroglyc-
erin, the disappearance of angina pectoris symptoms was 
notified. In 1879, the British physician William Murrell 
proposed nitroglycerin for the angina pectoris treatment. 
In 1977, Ferid Murad discovered that the positive effect of 
nitroglycerin on vascular smooth muscles is due to the re-
lease of NO. The 1998 Nobel Prize in Physiology and Med-
icine was shared by Ferid Murad and Robert F. Furchgott, 
who, together with John Zawadzki in 1980, established 
the importance of the endothelial relaxing factor caused 
by the vasodilating action of acetylcholine.

In the late 1970s, Robert Furchgott began to inves-
tigate vasoactive effects of acetylcholine, leading to the 
discovery of NO.

In the early 1980s, several studies were carried out, as 
a result of which the chemical properties and the action 
mechanisms of the endothelium-dependent relaxation 
factor were established. The similarity between the prop-
erties of NO and the properties of the endothelium-de-
pendent relaxation factor had been determined by 1986.

In 1987, two separate laboratories – R. Furchgott 
and J. Zawadzki’s, as well as Louis J. Ignarro and Salvador 
Moncada’s [1] – published the definitive evidence that 
NO is an endothelium-dependent relaxation factor [2].

The discovery of NO as an endogenously generated 
signaling agent of a particular importance for the car-
diovascular system set off a new era in the study of bio-
logical signaling in the late 1980s and early 1990s. This 
discovery changed the paradigm and demonstrated that 
a small, freely diffusible molecule can be synthesized en-
dogenously to act as a specific signaling factor through 
interactions with a receptor protein [3].

Main effects of NO
NO plays an important role in the regulation of var-

ious physiological processes that are critical for func-
tioning of many body tissues. When NO signaling is 
impaired, these central tissue processes can become 
pathophysiological, causing acute or chronic diseases 
in the CNS [4–7], blood vessels [8–10], gastrointestinal 
tract [11, 12], skeletal muscles [13, 14] and the immune 
system. [15, 16].

NO biosynthesis and signal transduction 
in the NO-ergic system
Endogenous NO is mainly generated by enzymatic 

pathways, but there is also a non-enzymatic pathway 
(Fig. 1A). A non-enzymatic NO production involves the 
production of NO from nitrite in several ways, especially 
under conditions of acidosis (e. g, after ischemia), and 
occurs primarily in tissues predominantly via a nitrite 
reduction:

e- + 2H+ + NO2- → NO + H2O

THE AIM under conditions of ischemia with aci-
dosis, anitrite-mediated NO production approaches a 
maximum constitutive nitric oxide synthase (NOS) pro-
duction, making this pathway an alternative in ischemia, 
i.e. under the conditions when the NO production from 
NOS is violated [17].

MATERIALS AND METHODS
When searching for materials for writing a review 

article, such abstract databases as PubMed, Google 
Scholar, e-Library, etc. were used. The search was car-
ried out on the publications for the period from 1990 to 
2021. The following words and phrases were chosen as 
parameters for the literature selection: nitric oxide; NO 
synthase; endothelial dysfunction; NO synthase activa-
tor; NO synthase inhibitor.

RESULTS AND DISCUSSION
NO synthases and their role
The enzymatic production of NO is catalyzed by var-

ious NOS isoforms through a series of redox reactions in 
the presence of oxygen to cleave L-arginine to L-citrulline 
and NO via the intermediate metabolite N-hydroxy-1-ar-
ginine (NOHA), using NADPH as an electron donor.

Isolated NOS was first isolated by Bredt and Snyder 
in 1990 [18]. The three major mammalian NOS enzymes 
had already been cloned and successfully expressed in E. 
coli or insect cells and had been characterized by 1998.

Three major NOS isoforms have been identified 
based on their different primary amino acid sequences 
(only 50–60% identity), tissue and cellular distribution, 
and a regulation mechanism. Two NOS isoforms are 
calcium/calmodulin-dependent and constitutively ex-
pressed (cNOS, constitutive nitric oxide synthase): NOS 
of the endothelial origin (NOS3, eNOS, endothelial nitric 
oxide synthase) and NOS of the neuronal origin (NOS1, 
nNOS, neuronal nitric oxide synthase), respectively. The 
third NOS isoform is induced by cytokines, and its activ-
ity is independent on calcium/calmodulin (NOS2, iNOS, 
inducible nitric oxide synthase). The individual proper-
ties of each NOS isoform are of great importance, since 
they are: the magnitude, duration, and cellular sites of 
the NO production that determine the overall physiolog-
ical or pathophysiological effect [19].

While iNOS normally produces large amounts of NO 
and is involved in the immune defense, inflammatory 
responses, and the NO production by airway epithelial 
cells, the constitutively expressed nNOS and eNOS iso-
forms typically generate nanomolar NO concentrations 
that are important for physiological processes such as 
neuronal signaling, inhibition of the hemostatic system, 
vasodilation and control of blood pressure (BP). NO syn-
thesized in such quantities is not rapidly oxidized either, 
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and can directly interact with metal ions in proteins, for 
example, with the iron atom in the heme group of he-
moglobin, myoglobin, soluble guanylate cyclase (sGC), 
cytochrome P450, and NOS itself [20].

All NOS isoforms use tetrahydrobiopterin (BH4, tet-
rahydrobiopterin), which is synthesized from guanosine 
triphosphate (GTP) by the enzyme GTP-cyclohydrolase-I 
(GTPCH-I). Other cofactors are flavin adenine dinucleo-
tide (FAD), flavin mononucleotide (FMN), and heme. All 
NOS proteins are homodimers.

Functional NOS transfers electrons from NADPH 
from the carboxy-terminal reductase domain through 
the flavins FAD and FMN to heme in the N-terminal ox-
ygenase domain. The oxygenase domain also binds the 
important cofactor BH4, molecular oxygen, and the sub-
strate L-arginine. At the heme site, electrons are used to 
reduce and activate O2, as well as to oxidize L-arginine to 
L-citrulline, followed by the release of NO.

To synthesize NO, the NOS enzyme goes through 
two stages. At the first stage, NOS hydroxylates L-argi-
nine to Nω-hydroxy-L-arginine, which remains bound to 
the enzyme. At the second stage, NOS oxidizes Nω-hy-
droxy-L-arginine to L-citrulline and NO.

All the NOS isoforms bind calmodulin. In nNOS and 
eNOS, calmodulin binding is induced by an increase in 
intracellular Ca2+ concentration. When calmodulin’s af-
finity for NOS increases, it facilitates the flow of elec-
trons from NADPH in the reductase domain to heme in 
the oxygenase domain. In inducible NOS (iNOS), calm-
odulin binds at already extremely low intracellular Ca2+ 
concentrations due to the different amino acid structure 
of the calmodulin binding site (Fig. 1 B and C). All NOS 
proteins contain a zinc-thiolate cluster formed by a zinc 
ion that is tetrahedrally coordinated to two CysXXXXCys 
motifs (by one of each monomer) at the boundary of the 
NOS dimer. Zinc in NOS performs a structural rather than 
catalytic function [21].

Endothelial NO synthase
An endogenous NO production, especially in the 

cardiovascular system, mainly depends on the activity 
of the enzyme endothelial NO synthase. The eNOS en-
zyme was originally identified and isolated from bovine 
aortic endothelial cells [22, 23]. Further studies showed 
that several types of non-endothelial cells, such as car-
diomyocytes [24], platelets [25], and neurons [26], also 
express eNOS.

In humans, the eNOS gene is located in the region 
7q35–7q36 of chromosome 7 [27]. This gene is present 
as a single copy in the haploid set of the human genome.

Although eNOS is expressed constitutively, many 
factors regulate eNOS at transcriptional, post-transcrip-
tional, and post-translational levels. In this regard, varia-

tions in the eNOS gene affect the regulation of the eNOS 
enzyme and, accordingly, the NO production [28].

Under physiological conditions, eNOS is responsi-
ble for the production of most endothelial NO, and for 
this reason, it plays a key role in the regulation of the 
cardiovascular system. This fact is constantly confirmed 
by clinical and experimental studies. In particular, eNOS 
knockout gene mice rapidly develop hypertension and 
have a high risk of stroke or other cardiovascular disease 
compared to wild-type mice. Similar disorders are also 
reproduced by a pharmacological inhibition of eNOS.

The regulation mechanisms of the eNOS activity are 
extremely complex and can be divided into two levels: 
genetic and protein. At the genetic level, the expression 
and stability of eNOS genes are associated with its ac-
tivity. The eNOS promoter contains a large number of 
transcription factor binding sites, including activator 
protein-1 (AP-1), activator protein-2 (AP-2), the endo-
thelin family, the nuclear factor-kB (NF-kB, nuclear fac-
tor-kB), and neurofibromin 1 (NF-1). These transcription 
factor complexes can regulate the eNOS expression; and 
hypoxia, lipopolysaccharide, and several cytokines can 
induce it.

In quiescent endothelial cells, most of the expressed 
eNOS attaches to caveolae, pocket-like membrane invag-
inations rich in cholesterol and sphingolipids. The local-
ization of eNOS in endothelial cell caveolae inactivates 
the enzyme as a result of the strong and direct interac-
tion of eNOS with caveolin-1. This protein-protein inter-
action inhibits the eNOS activity mainly by interfering 
with the calmodulin binding site. In contrast, binding of 
calcium-activated calmodulin to eNOS displaces cave-
olin-1 and promotes the eNOS activation. Calmodulin 
interacts with a cognate binding site on eNOS located 
between the oxygenase and reductase domains. This 
binding shifts the adjacent autoinhibitory loop and al-
lows NADPH-dependent electron flow to the enzyme 
heme. However, in the absence of bound calmodulin, the 
electron transfer is blocked and the eNOS catalytic ac-
tivity is suppressed. In addition to caveolin-1, eNOS can 
interact with heat shock protein 90 (Hsp90), the protein 
involved in a multicomponent chaperone system that is 
responsible for the folding of several proteins. Hsp90 is 
involved in eNOS folding and can allosterically modulate 
the enzyme by inducing conformational changes or by 
stabilizing the dimeric form, thereby activating eNOS. It 
should be notified that the eNOS activity depends on the 
presence of a substrate (L-arginine) and cofactors (NA-
DPH and BH4) [28, 29].

In addition to these mechanisms, eNOS can be also 
activated by stimuli that do not cause a sustained in-
crease in intracellular Ca2+ but still result in the sustained 
NO release. The main stimulus is a shear stress eNOS 
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can be phosphorylated by several serine (Ser), threonine 
(Thr), and tyrosine (Tyr) residues. Phosphorylation of 
Ser1177 stimulates the flow of electrons in the reduc-
tase domain, increases the sensitivity of the enzyme 
to Ca2+, and represents an additional and independent 
mechanism of the eNOS activation [21].

Neuronal NO synthase
This type of NOS is expressed constitutively. The 

nNOS gene, located on chromosome 12, has a complex 
genomic organization. A cellular and tissue-specific reg-
ulation of nNOS is considered to be related to various 
transcription factors such as activator protein-2 (AP-2), 
transcription enhancer factor-1 (TEF-1)/MCAT binding 
factor, cAMP response element binding protein (CREB)/
activating transcription factor/c-Fos, nuclear respiratory 
factor-1, Ets, nuclear factor-1 and NF-kappa B [30].

In addition, nNOS undergoes more than ten different 
alternative splicing options that potentially have unique 
structural features and catalytic properties. In the brain, 
the nNOSα form containing exon 2 is the main splicing 
variant, while nNOSµ is the predominant splicing variant 
in the skeletal muscle and the heart. nNOS-2, found in 
the mouse brain, acts as a dominant negative regulator 
of the nNOS activity due to the deletion in frame 105 of 
amino acid residues 504-608 involved in arginine bind-
ing. Both nNOSα and nNOSµ are attached to subcellu-
lar structures via the PDZ domain, while the other two 
forms, nNOSβ and nNOSγ, are cytoplasmic [31].

Post-translational modifications represent an addi-
tional level of the nNOS regulation activity and include 
phosphorylation, ubiquitination, and interactions with 
other structural and regulatory proteins, resulting in the 
formation of a functional complex.

The enzymatic activity of nNOS is modulated by 
phosphorylation at multiple sites and promotes the in-
teraction between NO and other signaling pathways 
through various protein kinases. Phosphorylation of 
nNOS can occur at a variety of residues, including serine 
(Ser), threonine (The), and tyrosine (Tyr). This fact is as-
sociated with the activation/inactivation of the enzyme 
directly, or with the modulation of other regulatory do-
mains present in nNOS.

In addition to phosphorylation, ubiquitination and 
sumoylation are two major post-translational regulatory 
mechanisms involved in levels and functions controlling 
of several neuronal proteins. Protein ubiquitination is a 
signal for the degradation of dysfunctional proteins.

In brain cells, nNOS is present in bound and soluble 
forms. The differential subcellular localization of nNOS 
explains the diversity of its functions [21, 32].

The regulation mechanisms of nNOS are similar to 
those of eNOS: the calcium-binding protein, calmodulin, 

acts as an allosteric activator and the nNOS activity is 
also regulated by heat shock proteins. Heat shock pro-
teins (HSPs) comprise a family of molecular chaperones 
responsible for the proper folding and maturation of 
proteins. The Hsp90/Hsp70-based chaperone apparatus 
regulates the nNOS activity and turnover by modulating 
ligand-binding clefts [32].

The NOS of neurons contains a PDZ domain and can 
directly interact with similar domains of other proteins. 
These interactions determine the subcellular distribu-
tion and activity of the enzyme. The proteins containing 
the PDZ domain, such as syntrophin, PSD-95, or PSD-93, 
play an important role in the formation of multiprotein 
signaling complexes and are required for nNOS binding 
to various calcium sources. In skeletal muscles, nNOS is 
attached to the sarcolemma via syntrophin and dystro-
phin proteins. While in the CNS, nNOS connects to the 
cytoplasmic tail of NMDA-NR 2 via PSD95, which is re-
sponsible for calcium influx and the subsequent activa-
tion of nNOS. The subcellular fractionation of the brain 
tissue shows that about half of the nNOS in the brain is 
soluble, and the rest, via PSD95, is bound to the mem-
brane fraction. PSD proteins are preferentially expressed 
at higher synaptic densities and interact with nNOS via 
PDZ domains [32, 33].

Neuronal NOS is involved in the modulation of phys-
iological functions such as learning, memory, and neuro-
genesis. In the central nervous system, nNOS mediates 
the long-term regulation of synaptic transmission. NO 
formed in the CNS (under the action of nNOS) is involved 
in the central regulation of blood pressure [7]. In addition 
to the brain tissue, nNOS has been found in the spinal 
cord, sympathetic ganglia and adrenal glands, peripheral 
nerves, epithelial cells of various organs, nephrons, pan-
creatic islet cells, and vascular smooth muscle cells.

Inducible NO synthase
The iNOS gene is located on the 17th chromosome. 

The inducible isoform of NOS is mainly regulated at the 
level of expression. The mechanisms regulating the iNOS 
expression include the modulation of the promoter ac-
tivity, the mRNA stability and translation, and finally pro-
tein. As with other enzymes, iNOS activity depends on 
the availability of the substrate. The stimuli and condi-
tions that determine the iNOS expression depend on the 
functional state of the cell and its type. The inducers of 
the iNOS expression in one cell type may have no effect 
or even suppress an iNOS expression in another, even 
within the same organism [34].

Inducible NOS is not permanently expressed in cells, 
but its synthesis can be stimulated by bacterial lipopoly-
saccharide, pro-inflammatory cytokines (interferon-gam-
ma, IL-1, IL-2, a tumor necrosis factor) or other agents, 
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such as reactive oxygen species, as well as hormones that 
affect the synthesis of cyclic adenosine monophosphate 
(adrenaline, glucagon). Although iNOS is primarily iden-
tified in macrophages, the expression of the enzyme can 
be stimulated in practically any cell or tissue, provided the 
appropriate inducing agents have been identified. After 
the expression, iNOS is constantly active and is not regu-
lated by intracellular Ca2+ concentrations [35].

Inducible in macrophages, NOS produces a large 
amount of NO, which is the basis of the cytotoxicity of 
these cells. Due to its affinity for protein-bound iron, NO 
is able to inhibit the key enzymes the catalytic centers 
of which contain it. These include iron-sulfur cluster-de-
pendent enzymes (complexes I and II) involved in the 
mitochondrial electron transport, ribonucleotide reduc-
tase (an enzyme that limits the rate of DNA replication) 
and cisconitase (a key enzyme in the citric acid cycle). 
Higher concentrations of NO produced by induced mac-
rophages can directly damage the DNA of the target 
cells and cause chains breaks and their fragmentation. 
The combination of these effects probably underlies the 
cytostatic and cytotoxic effects of NO on parasitic micro-
organisms and some tumor cells. Interestingly, non-im-
mune cells can be also induced by cytokines to release 
enough NO to affect neighboring cells. For example, cy-
tokine-activated endothelial cells have been shown to 
lyse tumor cells, while induced hepatocytes can use NO 
to kill malaria sporozoites. The iNOS activity is probably 
responsible for all these effects [21].

Unlike eNOS and nNOS, iNOS has a much higher af-
finity for calmodulin, so it can bind it at very low Ca2+ 
concentrations and thus its activity is not regulated by 
Ca2+/calmodulin, but mainly at the transcriptional level. 
The kinetic parameters of iNOS determine the catalytic 
activity level, which generates a higher amount of NO 
than eNOS and nNOS, and is less sensitive to the NO-de-
pendent autoinhibition which contributes to the interac-
tion of large amounts of NO with reactive oxygen species 
(ROS) and the generation of more toxic nitrogen species, 
such as nitrate [36].

The activity of expressed iNOS is regulated by vari-
ous factors, including the availability of its substrate and 
cofactors, the interaction with other proteins, and the 
autoinactivation (to a lesser extent).

Several proteins interact with iNOS and regulate its 
activity. In the central nervous system (brain) of lipopoly-
saccharide (LPS) injected mice, iNOS is found complexed 
with a cytosolic protein called caliririn (primarily caliri-
rin-7). Kalirin interacts with iNOS monomers, but not 
with iNOS dimers. In the cells expressing kalirin, most of 
the iNOS exists as a heterodimer with kalirin.

There is little monomeric iNOS, indicating that ka-
lirin inhibits the iNOS activity, preventing its homodi-

merization. A low expression of kalirin correlates with 
the increased iNOS activity in the hippocampus of pa-
tients with Alzheimer’s disease. As the excess NO pro-
duced during inflammation is neurotoxic, calilirin may 
have a neuroprotective effect by inhibiting iNOS. In mac-
rophages, iNOS interacts with 110 kDa protein called 
NOS-associated protein 110 (NAP110). NAP110 and 
iNOS complexes are found in the spleen and peritone-
al macrophages of interferon-γ (IFN-γ) and LPS-treated 
mice. A co-expression of NAP110 and iNOS reduces the 
activity of the latter by 90%, although the amount of the 
iNOS protein does not change. Like kalirin, NAP110 in-
hibits the iNOS activity by interacting with iNOS mono-
mers and preventing enzyme dimerization. Therefore, 
NAP110 may be a blocking regulator that prevents the 
increase in NO levels from toxicity [37].

NO can negatively regulate the iNOS activity. In 
stimulated mouse macrophages, the iNOS activity is in-
creased by the addition of hemoglobin, an NO acceptor. 
The addition of NO donors S-nitrosoacetylpenicillamine 
or S-nitrosoglutathione significantly inhibits the iNOS 
activity, suggesting that NO may be involved in a neg-
ative feedback mechanism, but much weaker than that 
of other isoforms. In addition, the iNOS activity cannot 
be restored in activated cells without NO donors, indi-
cating irreversible binding of NO to iNOS. A kinetic study 
showed that the main mechanism of iNOS autoinacti-
vation is S-nitrosylation of the zinc tetrathiolate cluster, 
which causes a zinc loss, an irreversible dissociation of 
the iNOS dimer and a subsequent loss of its activity. Re-
ducing agents may protect iNOS from this inactivation, 
suggesting that S-nitrosylation was indeed the main in-
activation pathway [37].

Mitochondrial NO synthase
Although NO is a highly diffusible molecule that can 

cross membranes and reach mitochondria, there is also 
evidence that mitochondria produce NO [38] and that 
mitochondrial NOS exists. However, the identity of this 
mitochondrial NOS is still under debate [39, 40]. Several 
studies have shown that various tissues such as skeletal 
muscles [14], the heart [42], kidneys, the brain [42] and 
liver [41, 42], contain NOS (possibly classified as mito-
chondrial) with a positive immunoreactivity for antibod-
ies against iNOS [41], eNOS and nNOS. In addition, Gao 
S. et. al. [43] were able to better determine the local-
ization of eNOS on the cytoplasmic surface of the outer 
mitochondrial membrane in endothelial cells [43]. Elfer-
ing S.L. et. al. characterized the rat mitochondrial NOS 
sequence as a nNOSα isoform that can be modified by 
acylation, it is calcium sensitive, and has phosphoryla-
tion sites [44]. They hypothesized that these post-trans-
lational modifications might be responsible for targeting 
NOS at the mitochondrial inner membrane.
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Figure 1 – Schematic pathway for NO synthesis, including enzymatic (via NOS; main pathway) and non-enzymatic 
pathways (A), structure and mechanism of NOS (B, C) action

Note. A) The important sources of NO include a NOS activity and a nitrite reduction (NO2
-) under hypoxic and acidic conditions. NO reacts with 

superoxide (O2
-) to form peroxynitrite (ONOO-). Superoxide can be obtained from several sources, including a mitochondrial activity and a NADPH 

oxidase (NOX) activity. When protonated or combined with carbon dioxide (CO2), peroxynitrite produces a range of free radicals, including nitrogen 
dioxide (NO2) as well as hydroxyl (OH) and carbonate (CO3-) radicals. NO reacts with metals such as iron (FeII) to form metal nitrosyls (FeIINO) such 
as the one found in soluble guanylate cyclase. NO also reacts with molecular oxygen to form nitrogen dioxide and nitrogen trioxide. Together, 
these particles can participate in oxidative (such as thiol oxidation) reactions, nitrosation (thiol nitrosation, RSNO) and nitration (tyrosine nitration, 
NO2 Tyr) of biological targets; B) NOS monomers are able to transfer electrons from reduced NADPH to FAD and FMN and have a limited ability to 
reduce molecular oxygen to superoxide (O2

-). Monomers and isolated reductase domains can bind calmodulin (CaM), which enhances the electron 
transfer within the reductase domain. NOS monomers are unable to bind the BH4 cofactor or the substrate L-arginine and cannot catalyze the NO 
production; B) In the presence of heme, NOS can form a functional dimer. Heme is required for а cross-domain electron transfer from flavins to 
heme of the opposite monomer. Adapted from [17(а) и 21(b и c)].

Figure 2 – Synthesis, recycling and oxidation of BH4 as the determinant of NOS uncoupling
Note. On the left: Under normal conditions, BH4 bioavailability is maintained by de novo synthesis from guanosine triphosphate (GTP) in which the 
rate limiting step is catalyzed by GTP cyclohydrolase (GTPCH) by dihydrofolate reductase (DHFR) mediated recycling of 7,8-dihydrobiopterin (BH2), 
the primary product of a non-enzymatic oxidation of BH4. On the right: “Unbound” NOS are characterized by the formation of superoxide (O2

-). NOS 
сleavage is facilitated by a decrease in the bioavailability of BH4 relative to the BH2 or NOS protein. In turn, O2

- formed by unbound NOS, reacts with NO 
to form peroxynitrite (ONOO-), a highly reactive anion that rapidly oxidizes BH4. Hence, the NOS uncoupling state is stabilized by the self-propagating 
oxidative stress. In addition to this primary BH4-mediated cycle, additional mechanisms have been shown to promote uncoupling, including a reduced 
arginine bioavailability, high levels of oxidized glutathione (GSSG) compared to reduced glutathione (GSH), or elevated concentrations of endogenous 
NOS inhibitors LN-monomethylarginine (L-NMMA, monomethyl-L-arginine) and asymmetric dimethylarginine (ADMA). Adapted from [60].
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Figure 3 – Pathological conditions and mechanisms of NOS uncoupling
Note. Hypercholesterolemia, hypertension, smoking, and diabetes mellitus lead to the activation of NADPH (a reduced form of nicotinamide 
adenine dinucleotide phosphate) oxidase, partially by a protein kinase C (PKC)-dependent mechanism. Diabetes mellitus also stimulates 
the production of mitochondrial ROS, that then triggers the activation of NADPH oxidase, which can increase a mitochondrial production of 
superoxide (O2-) and xanthine oxidase. The endothelial NO synthase (eNOS) enzyme can be uncoupled through two main mechanisms: deficiency 
of the BH4 cofactor or the L-arginine substrate. O2·- reacts with NO to form peroxynitrite (ONOO-). ONOO- oxidizes BH4 resulting in BH4 deficiency. 
L-arginine deficiency is caused by an increase in the arginase expression and activity, partially through RhoA/ROCK-dependent mechanisms. 
Unbound eNOS produces superoxide, thereby increasing the oxidative stress. The eNOS uncoupling reduces the endothelial NO production, which 
is further exacerbated by a decrease in the eNOS expression and activity. In addition to the population-level risk factors, the impaired blood flow 
makes arterial bifurcations and lateral branches prone to atherosclerosis. The increased oxidative stress and reduced endothelial NO production 
contribute significantly to the increased atherosclerosis in these areas. Adapted from [58].

Figure 4 – Schematic representation of known causes and methods for correcting NOS uncoupling  
in the cardiovascular system

Note. Causes for NOS uncoupling are shown in red and treatments are shown in blue. Superoxide (O2
-) or peroxynitrite (ONOO-) can oxidize BH4 

to BH2, which can be prevented by antioxidants or NADPH oxidase inhibitors, and interfere with s-glutathionylation (s-Glu). Folic acid can stimulate 
dihydrofolate reductase (DHFR) to reduce BH2 to BH4. Arginase inhibition can preserve L-arginine levels to make it available to the NOS enzime. 
Adapted from [59].
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Figure 5 – Effect of statins on eNOS in endothelial cells
Note. By inhibiting mevalonate synthesis, statins reduce GGPP levels, prevent the Rho/ROCK activation and stabilize eNOS mRNA, thereby 
increasing the eNOS expression. By reducing caveolin-1 and circulating ADMA, as well as increasing eNOS phosphorylation at the Ser-633 
and Ser-1177 activation sites via AMPK, Akt, and PKA, statins also increase the eNOS activity. Finally, by upregulating GTPCH, statins increase 
endothelial BH4, the presence and restoration of eNOS binding. GGPP is geranylgeranyl pyrophosphate; ROCK – Rho-associated protein kinase; 
GTPCH – guanosine triphosphate cyclohydrolase; AMPK 2 adenosine monophosphate activated protein kinase; PKA, protein kinase A; PI3K – 
phosphatidylinositide-3-kinase; ADMA - asymmetric dimethylarginine. Adapted from [77].

Figure 6 – List of the most important inhibitors based on arginine
Note. Adapted from [92].
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Figure 7 – Resveratrol targets to prevent NOS uncoupling (80 adapted)
Note. Resveratrol increases the NO production and prevents its breakdown. Resveratrol can activate sirtuin 1 (SIRT1) either directly (in a substrate-
dependent manner) or indirectly (by inhibiting phosphodiesterases). SIRT1 stimulates endothelial NOS via deacetylation, enhances the eNOS 
expression via deacetylation of the forkhead box protein O1 (FOXO) transcription factor, and prevents the eNOS uncoupling by increasing the 
activity of GTP-cyclohydrolase I (GTPCH-I), a limiting factor in BH4 biosynthesis. AMPK and nuclear factor 2 associated with Nrf2 are indirect 
targets of resveratrol. AMPK phosphorylates eNOS by serine 1177. eNOS can also be phosphorylated by Erk1/2, which is stimulated by a pathway 
involving the estrogen receptor (ER) and the Src family tyrosine kinase. Caveolin-1 (Cav-1) is a protein that negatively regulates the eNOS activity. 
ADMA is an endogenous eNOS inhibitor that is cleaved by DDAH. The targets for the activation of dimethylarginine dimethylaminohydrolase 
(DDAH) or inhibition of NADPH oxidase have not been identified yet. Adapted from [80].

Table 1 – Characteristics of various NO-synthase isoforms 

Names

NOS-1
nNOS

Neutral NOS
NOSI

NOS-2
iNOS

Induced NOS
NOSII

NOS-3
eNOS

Endothelial NOS
NOSIII

Monomer size 
(person) ~160 кDа ~131 кDа ~133 кDа
Cofactors NADPH; FMN; FAD; BH4; Calmodulin; heme
Inhibitors N-methyl-L-arginine

N-nitro-L-arginine
7-nitroindazole

1-(2-trifluoromethylphenyl)imidazole
L-thiocitrulline

S-methyl-L-thiocitrulline

Aminoguanidine
S-benzylisothiourea

1-(2-trifluoromethylphenyl)imidazole
L-N6-(1-iminoethyl)lysine

1400W

N-methyl-L-arginine
N-nitro-L-arginine

N-iminoethyl-L-ornithine
7-nitroindazole

Intracellular 
localization

Cytosol;
Plasma membrane

[99];
Mitochondria [100];

Caveoli [101].

Plasma membrane [102];
Phagosomes [103];

Golgi complex;
Mitochondria.

Plasma membrane;
Lipid rafts;

Caveoli [104];
Cytosol [100].

Cells Neurons [105];
Islets of the pancreas [106];

Endothelial cells;
Smooth muscle cells [107].

Macrophages and other leukocytes 
[108];

Smooth muscle cells;
Cardiomyocytes [35].

Endothelial cells [109];
Platelets [25].

Tissue expres-
sion

Central and peripheral  
nervous system [105];
Skeletal muscles [110];

Endometrium [111];
Macula densa [112].

Heart;
Liver [113];

Smooth muscles;
Endothelium [113].

Endothelium [114].

Functions Neurotransmission [105];
Renal tubular glomerular  

interactions [115];
Intestinal peristalsis [116].

Bactericidal activity; 
Cytotoxicity;

Inflammation [117];
Septic shock [118].

Vascular relaxation
Decreased platelet adhesion 

[119, 120];
Angiogenesis [121].

Involvement 
in diseases

Renal diseases [115];
Affective disorders [122]. Inflammation Hypertension;

Endothelial dysfunction.

Resveratrol

? ЕР АМРК SIRT1 Nrf2 ?

HO-1 Src

Increasing of eNOS activity

Enhancement of eNOS production

FOXODDAHH

Erk

ADMAA Cav-11 eNOS-PP eNOS-Acc

Antioxidant 
Enzymes

NADPH
- oxidase

GTPCH1 ROS

BH4

Destruction NO

eNOS
expression

eNOS
uncoupling

NO bioavailability

1

Resveratrol
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Confirming the results obtained by Elfering S.L. et 
al., Kanai A.J. et al. showed that mitochondria isolated 
from the hearts of mice in which the nNOSα isoform had 
been knocked out, did not produce NO, while eNOS-/- 
and iNOS-/- knocked out the mice, retaining the NO pro-
duction in isolated mitochondria [45]. Lacza Z. et al. were 
able to detect the NO production, the NOS activity, and 
low levels of eNOS protein in mitochondria. However, 
the NOS activity was not impaired in the eNOS knockout 
mice [46]. In addition, the mitochondrial NO production 
was not affected by the nNOS and iNOS knockout mice.

Venkatakrishnan P. et al. were unable to detect the 
activity or expression of endothelial and neuronal NOS 
isoforms in rat liver mitochondria, casting doubt on the 
existence of mitochondrial NOS, at least in the liver [47].

Regardless of this controversy over the existence or 
identity of mitochondrial NOS, the recent studies show 
a stronger relationship between mitochondrial NOS and 
the respiratory chain. Parihar et al. suggested that re-
spiratory chain complex I regulates the mitochondrial 
NOS activity, demonstrating the complex I-associated 
mitochondrial NOS activity in the isolated rat liver and 
brain mitochondria [48]. In addition, a study of the cardi-
ac mitochondrial preparations demonstrated that com-
plex I enriched fractions have higher mitochondrial NOS 
(nNOSα isoform), indicating that mitochondrial NOS is 
physically close to the complex I [49].

The conflicting results regarding the existence and 
identity of mtNOS can be explained by several method-
ological issues, which have been discussed in detail by 
Brookes P.S. [50]. Some of these problems include mito-
chondrial purity, the presence of other cell types in tis-
sues (eg, vascular endothelial cells, inflammatory cells), 
the detection of the mitochondrial NO production, and 
the immunodetection of NOS isoforms. If mtNOS does 
exist despite methodological problems, the identity 
of mtNOS could also be related to the tissue of origin, 
which could explain the inconsistency in the identified 
isoform, for example, mtNOS could be an isoform of 
neurons in the brain, while iNOS could be in the brain 
and liver.

The existence of mtNOS can be confirmed by the 
relevance of NO in the control of mitochondrial respi-
ration, since, when produced in mitochondria, NO will 
have a quick and easy access to its target, cytochrome 
oxidase, which is inhibited by NO [51]. However, it is also 
argued that, given the high diffusivity of NO, it is not nec-
essary that it be produced near its site of action [52]. 
For example, NO can be produced by eNOS in vascular 
endothelial cells or by eNOS located on the surface of 
the cytosol of the outer mitochondrial membrane, then 
diffuse through other compartments reaching the respi-
ratory chain [52]. 

Nitric oxide receptors
The most important physiological signaling pathway 

stimulated by NO, is the activation of soluble guanylate 
cyclase and the formation of cyclic guanosine mono-
phosphate (cGMP). Soluble guanylate cyclase (sGC) is 
a key protein in the regulation of many physiological 
functions in mammals. This is a major NO receptor that 
plays a central role in the BP regulation, wound healing, 
memory formation, and other key physiological process-
es. The involvement of rHC is oftener and oftener found 
in various pathophysiological processes [53].

Since the rate constant of the NO association with 
heme centers is usually very high compared to other po-
tential targets, even low, nanomolar, concentrations of 
NO are sufficient to activate sGCs. Rapid reactions be-
tween NO and targets with such kinetics limit alternative 
signaling processes that may otherwise be detrimental to 
cell functions. Upon the NO stimulation, sGC generates 
cyclic guanosine monophosphate from guanosine-5’tri-
phosphate and activates protein kinase G-dependent 
signaling, required for various signaling cascades in sev-
eral cell types. It is well known that dysregulation of sGC 
signaling leads to dysfunction of the cardiovascular, ner-
vous, and gastrointestinal systems [54].

The physiologically significant mammalian sGC het-
erodimer consists of α1 and β1 subunits and is expressed 
in most cell and tissue types; however, two other sGC sub-
units, α2 and β2, have been identified, and mixed heterod-
imers have been discovered, in particular α2β1, which is 
expressed in the brain, placenta, spleen, and uterus.

Both α and β subunits contain the cyclase homol-
ogy domain and belong to the class III cyclase family. 
Since the active site of sGC is located at the heterodi-
mer boundary, two active centers are possible, but when 
subunits are connected, catalytic and pseudosymmetric 
pockets are formed [55].

Various physiological studies have shown that the 
β1 subunit of the heterodimer is necessary but not suffi-
cient for proper sGC signaling; both α1 and α2 subunits 
can heterodimerize with the β1 subunit to form a func-
tional protein. The conservative histidine on the β1 sub-
unit was found to coordinate the heme moiety, which 
preferentially binds NO and carbon monoxide (CO) rath-
er than oxygen (O2). Structural changes caused by the 
NO binding, activate the catalytic domain of the sGC pro-
tein, which causes vasorelaxation [56].

Elucidation of the NOS role in physiological 
and pathophysiological processes in the body
NOS uncoupling as a basis for pathophysiological 
conditions
Under physiological conditions, eNOS produces NO, 

which is a key vasoprotective factor in the endothelium. 



141Том 10, Выпуск 2, 2022

ОБЗОРЫ, ЛЕКЦИИ

However, under pathological conditions associated with 
an oxidative stress, eNOS may cease to function. The ox-
idative stress contributes to endothelial dysfunction pri-
marily due to the rapid inactivation of NO via oxidation 
by excess superoxide. At the second stage, a constant 
oxidative stress renders eNOS unbound, whereby super-
oxide is produced at the expense of NO. The deficiency 
of the eNOS cofactor tetrahydrobiopterin (BH4), the de-
ficiency of the eNOS substrate, L-arginine, and S-gluta-
thionylation of eNOS are likely the main causes of the 
eNOS uncoupling. Peroxynitrite and superoxide can ox-
idize BH4 leading to the BH4 deficiency. The production 
of ROS from unbound eNOS has been shown in mouse 
models of atherosclerosis, as well as in patients with hy-
percholesterolemia, atherosclerosis, hypertension, dia-
betes mellitus, and in people who use nicotine for a long 
time [57].

Under conditions of atherosclerosis and vascular 
diseases, the bioavailability of NO in the vasculature 
decreases. All the known risk factors for cardiovascular 
diseases are accompanied by a decrease in NO bioavail-
ability as a result of a decrease in its production and an 
increase in the superoxide inactivation.

Thus, a decrease in the NO production is not the re-
sult of a decrease in the eNOS expression. On the con-
trary, the eNOS expression is compensatory increased in 
vascular diseases. However, this compensation mecha-
nism is often useless because the eNOS activity is inhib-
ited or the eNOS enzyme becomes uncoupled (inopera-
tive) [58].

Molecular mechanisms of NOS uncoupling
The most significant cause for NOS uncoupling is 

the loss of the critical cofactor BH4. It can be synthesized 
in two ways: in a three-step process from guanazine 
triphosphate (GTP) to BH4 and the so-called “rescue 
route”, which recycles oxidized 7,8 dihydrobiopterin 
back to BH4 using the recycling enzyme dihydrofolate 
reductase (DHFR, dihydrofolate reductase). An oxidative 
stress plays a significant role in the depletion of cellular 
BH4 pools, leading to uncoupling. Superoxide can directly 
oxidize BH4 to dihydrobiopterin (BH2) and, therefore, de-
stabilize the NOS dimer, leading to uncoupling. This ap-
pears to be the main reason for NOS uncoupling during 
hypertension and ischemic reperfusion, as increased 
superoxide levels correspond to a decrease in the BH4/
BH2 ratio and subsequent NOS uncoupling. The oxidative 
stress can also affect the bioavailability of BH4 not only 
through oxidation, but also through a direct decrease in 
the DHFR expression, thereby reducing the activity of 
the “rescue pathway” [59].

A direct oxidation of BH4 by superoxide is relatively 
slow, but BH4 is rapidly oxidized to BH2 by peroxynitrite, a 

highly reactive anion formed by the reaction of superoxide 
with NO. Peroxynitrite also causes significant cell damage 
by nitrating the thiol and hydroxyl groups of the amino acid 
side chain, thereby impairing the enzymatic function.

The consequences of NOS uncoupling include: re-
duced the de novo NO formation; binding of bioactive 
NO by superoxide anions through the formation of per-
oxynitrite; cellular damage mediated by superoxide and 
peroxynitrite; the peroxynitrite mediated oxidation of 
BH4 to BH2 leading to a further propagation of NOS un-
coupling.

Thus, NOS uncoupling is a self-reinforcing biochemi-
cal process driven by BH4 oxidation. Due to the unbound 
eNOS-dependent oxidative stress, BH4 oxidation has 
been observed both in vitro and in vivo. In these experi-
ments, uncoupling was induced by increasing the eNOS 
expression under the conditions of a stable expression 
of GTP-cyclohydralase (GTPCH-I), effectively reducing 
the ratio of BH4 to eNOS. If all other variables are held 
constant, the resulting oxidation of BH4 to BH2 can only 
be due to the formation of superoxide by the decoupled 
NOS. Cellular superoxide is also produced by a number 
of other mechanisms, including NADPH oxidase, xan-
thine oxidase, and redox processes. In pathology, the 
oxidative stress can induce BH4 oxidation, thereby initi-
ating or maintaining NOS uncoupling. Excess superoxide 
resulting from the initial BH4 oxidation and NOS uncou-
pling will stimulate a cycle of cellular damage, a further 
BH4 oxidation (BH4 oxidation stabilizes unbound NOS 
subunits that continue to produce ROS and biochemical 
stabilization of the unbound NOS subunit activity). The 
interruption of this communication process is a prom-
ising strategy for the treatment of a wide range of car-
diovascular diseases caused or exacerbated by the NOS 
uncoupling (Fig. 2) [60, 61].

Peroxynitrite leads to the NOS uncoupling. Although 
peroxynitrite can directly oxidize BH4 in vitro, it can also 
directly affect the enzyme itself, which also leads to un-
coupling: peroxynitrite releases zinc from the zinc-thio-
late cluster and destroys the NOS dimer (Fig. 3) [59].

S-glutathionylation is a reversible post-translational 
modification that adds glutathione to reduced cysteine 
residues. This most often occurs during the oxidative 
stress, as eNOS acts as one of the main targets for S-glu-
tathionylation. It has been found out that the eNOS-de-
pendent production of NO and superoxide is modulated 
by its S-glutathionylation, indicating that intense S-glu-
tathionylation correlates with a decrease in the NOS ac-
tivity and an increase in the superoxide production. The 
increased oxidative stress causes a proportional increase 
in the amount of S-glutathionylated eNOS, which also in-
dicates that the production of superoxide by the upregu-
lation principle is a trigger for the eNOS uncoupling [59].
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Thus, S-glutathionylation uncouples eNOS, switching 
it from NO to the ROS formation, by attaching glutathi-
one to cysteine residues between the FMN-binding and 
FAD-binding domains: this leads to enzyme uncoupling 
and the production of O2- free radicals. The oxidative 
stress triggers S-glutathionylation of eNOS in endothelial 
cells and intact vessels. In addition, S-glutathionylation is 
increased during vasoconstriction, which reduces endo-
thelium-dependent vasodilation. Given the importance 
of NO and eNOS mediated endothelial dysfunction in 
diseases such as heart attack, stroke, diabetes and can-
cer, the identification of this new redox signaling path-
way provides new insights into therapeutic approaches 
to prevent or treat them [62].

Drugs for prevention of NOS uncoupling
As it has been noted above, NOS uncoupling is one 

of the main factors in the development of various dis-
eases and, therefore, a promising target for the phar-
macological intervention. Many approaches have been 
taken to try restoring NOS in various diseases, including: 
blocking the upstream of the ROS production, the BH4 
administration, the administration of folic acid to recycle 
BH2 to BH4, and the L-arginine administration (Fig. 4).

BH4

A decreased BH4 bioavailability followed by the 
eNOS uncoupling has a significant impact on the patho-
genesis of endothelial dysfunction, which is a hallmark 
of vascular damage in cardiovascular pathologies, in-
cluding hypertension, hyperlipidemia, and diabetes 
[63]. The intracellular ratios of BH4/eNOS (and of BH4 

and other NOS isoforms) remain poorly defined, mak-
ing it unclear whether the intracellular BH4 deficiency is 
sufficient to induce the eNOS uncoupling. The BH4/BH2 
ratio and the absolute molar concentration of BH4 are 
key determinants of eNOS binding in vivo. The degree 
of BH4 oxidation, BH2 accumulation, and the superoxide 
production are directly correlated with the intracellular 
eNOS/BH4 ratio. Through the mechanisms independent 
of eNOS, such as a direct uptake of reactive oxygen spe-
cies, BH4 can have a significant impact on the levels of 
the reactive oxygen species production by cells [64].

Thus, the replenishment of intracellular BH4 can be 
considered a promising approach to stabilize NOS. How-
ever, there are reasons that limit the clinical application 
of this approach. The oral administration of excess BH4 
may be not effective if the NOS isoforms ratio is not bal-
anced: too much BH4 can activate iNOS under the condi-
tions of inflammation, exacerbating the pathophysiology 
of this process. BH4 administered p. o., is likely to oxi-
dize and needs to be regenerated, but the attempts to 
enhance this re-regeneration process by combining BH4 

with antioxidants (vitamin C) have not resulted in the im-
proved clinical efficacy of this combination. BH4 has al-
ready been approved by the Food and Drug Administra-
tion (FDA, https://www.fda.gov/) as a therapeutic agent 
for the treatment of phenylketonuria, a phenylalanine 
hydroxylase deficiency that can be partially corrected 
by the administration of BH4. Sapropterin dihydrochlo-
ride (Kuvan®, BioMarin, Tiburon, CA, www.vidal.ru) is a 
synthetic version of BH4 currently used to treat patients 
with phenylketonuria [65, 66].

An analog of BH4 is the compound 6-acetyl-7,7-di-
methyl-5,6,7,8-tetrahydropterin (ADDP), a stable com-
pound, soluble in both polar and organic solvents. ADDP 
can diffuse from plasma through cell membranes and 
cause vasodilation by stimulating the eNOS activity [67].

Metformin can attenuate the oxidative damage to 
endothelial cells by increasing the levels of GTP cyclohy-
dralase-I (GTPCH-I) and BH4, and thereby preventing the 
eNOS uncoupling. Metformin also inhibits the p47-phox 
subunit of NADPH oxidase, thereby reducing the ROS 
production and BH4 oxidation. These protective effects 
of metformin are partially mediated by the activation of 
the adenosine monophosphate-activated protein kinase 
(AMPK) signaling pathway [68].

Arginase inhibitors
The role of the arginase overexpression and/or ac-

tivity and its downstream targets in cardiovascular dys-
function and injury, has been well established. Pharma-
cological effects on specific components of the arginase/
ornithine pathway are promising as therapy for cardio-
vascular diseases [69].

Ureohydrolase arginase is a manganese-containing 
enzyme that catalyzes the final step of the ornithine cy-
cle by converting L-arginine to L-ornithine and urea. The 
two isoforms of this enzyme have similar mechanisms of 
action and produce the same metabolites. The homol-
ogy of their amino acid residues is more than 60%, and 
the regions important for the function of the enzyme 
are 100% homologous. In addition, both isoforms are 
involved in the dysregulation of the NOS function [70].

The arginase-induced uncoupling of eNOS leads to 
the increased ROS production, which contributes to the 
endothelial dysfunction and increased vascular stiffness. 
Increasing the level of arginase can reduce the concen-
tration of L-arginine and has been shown to contribute 
to the pathophysiology of the circulatory system diseas-
es [71].

Preclinical studies have shown that the addition of 
L-arginine can improve the erectile dysfunction, prevent 
or reduce the severity of the endothelial dysfunction. 
However, some studies on animals and humans have 
found out no benefit or increased adverse effects from 
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the chronic administration of L-arginine. The resulting 
side effects are likely related to the counter-regulatory 
effects of L-arginine in the increasing arginase expres-
sion/activity, which may reduce the availability of L-ar-
ginine for NOS. Under the conditions of the excessive 
arginase activity, a competition with NOS for L-arginine 
causing the enzyme uncoupling, will occur. The increased 
formation of reactive oxygen species and key inflamma-
tory mediators contributes to a pathological increase in 
the arginase activity [71].

Thus, several amino acids inhibit arginase, including: 
L-ornithine, L-leucine, L-valine, L-lysine, L-isoleucine, 
and L-norvaline. L-ornithine is the most potent of the 
above-listed. In addition, L-citrulline increases the NO 
production, but is also an allosteric inhibitor of arginase 
[71].

The research by El Bassossy H.M. et al. showed 
that the inhibition of arginase by citrulline, norvaline, 
or ornithine, alleviates hypertension associated with 
a metabolic syndrome by direct and indirect defense 
mechanisms. The direct mechanism is to maintain an 
endothelium-dependent relaxation and the NO genera-
tion, while the indirect mechanism is realized through 
the inhibition of insulin resistance and hypertriglyceri-
demia [72]. Ornithine inhibits the enzyme arginase by 
competing with its substrate (L-arginine) at the active 
sites of the enzyme. L-norvaline is a noncompetitive 
inhibitor of the enzyme arginase, and L-citrulline is its 
allosteric inhibitor.

L-norvaline (or 2-aminopentanoic acid) is a non-pro-
teinogenic amino acid and an isoform of the common 
amino acid valine that has been extensively investigated 
in early enzymological studies. The structural similarity 
with L-ornithine gives the substance the ability to inhib-
it arginase by the negative feedback principle. In addi-
tion, the anti-inflammatory properties of L-norvaline 
have been demonstrated in vitro through the inhibition 
mechanism of ribosomal protein kinase S6-kinase β1. It 
should be notified that the arginase inhibition is promis-
ing for reducing the risk and frequency of cardiovascular 
diseases [73].

Statins inhibit HMG-CoA reductase, which catalyzes 
the conversion of HMG-CoA to mevalonic acid, limiting 
cholesterol biosynthesis in the liver. In addition to inhibit-
ing cholesterol synthesis, statins also block the synthesis 
of intermediate isoprenoids such as farnesyl pyrophos-
phate (FPP) and geranylgeranyl pyrophosphate (GGPP). 
FPP and GGPP serve as important lipid components for 
post-translational modification of various proteins, in-
cluding heterotrimeric G proteins and small GTP-binding 
proteins belonging to the Ras, Rho, Rap, and Rab fami-
ly of GTPases. Isoprenylation is critical for the intracel-
lular transport and the function of small GTP-binding 

proteins. The modification with FPP is required for a 
proper localization of Ras family proteins, while GGPP 
is required for Rho, Rab and Rap family proteins. How-
ever, some Rho GTPases require both farnesylation and 
geranylgeranylation for proper functioning and the in-
tracellular localization. By inhibiting the synthesis of 
mevalonate, statins inhibit the synthesis of intermedi-
ate isoprenoids, thereby preventing the isoprenylation 
of small GTPases, which leads to the inhibition of these 
signaling molecules. Interestingly, some of the cholester-
ol-independent or “pleiotropic” effects of statins may be 
related to the ability of statins to block the synthesis of 
intermediate isoprenoids [74, 75].

The ability of statins to increase the eNOS expres-
sion and activation may be an important mechanism by 
which statins improve the endothelial function and low-
er cholesterol levels (Fig. 5).

Geranylgeranylation of Rho GTPase has been shown 
to result in the downregulation of eNOS in endothelial 
cells; the administration of statins inhibited the forma-
tion of GGPP and therefore resulted in an increase in the 
eNOS expression, which was not observed during the 
co-incubation with GGPP. It has also been shown that an 
increased level of endogenous low-density lipoproteins 
(LDLs) negatively affects the expression of eNOS mRNA 
in human umbilical vein endothelial cells (HUVECs), and 
this effect, at the post-transcriptional level, was neutral-
ized after the administration of simvastatin. The mecha-
nism by which statins increase the eNOS mRNA stability 
is through an increased polyadenylation of eNOS mRNA 
due to the changes in the actin cytoskeleton caused by 
the Rho inhibition. In addition, the statin treatment of 
HUVECs induced by hydrogen peroxide (H2O2) activates 
the phosphatidylinositide 3-kinase (PI3K, phosphoinos-
itide 3-kinase)/Akt pathway and enhances the eNOS ex-
pression. Tumor necrosis factor alpha (TNFα) is a power-
ful inflammatory stimulus that activates miR-155 miRNA 
and, accordingly, eNOS mRNA. It is important to notify, 
that its (TNFα) activation was attenuated by simvasta-
tin, but the positive effect of the statin was abolished by 
co-incubation with mevalonate or GGPP [76].

In addition to increasing the eNOS expression at the 
transcriptional and post-transcriptional levels, at the 
post-translational level, statins enhance the activity of 
eNOS, which has multiple phosphorylation sites by ser-
ine/threonine residues. A HUVEC exposure to fluvastatin 
increases eNOS phosphorylation at the Ser-633 and Ser-
1177 activation sites via protein kinase A (PKA) and the 
PI3K/Akt-mediated pathway, respectively. The statin-me-
diated induction of eNOS phosphorylation at Ser-1177 
depends on the recruitment of Akt to the eNOS complex 
in endothelial cells (heat shock protein-90). In endothe-
lial cells, atorvastatin increases eNOS phosphorylation 
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at Ser-633 via adenosine monophosphate-activated pro-
tein kinase (AMPK). Moreover, the ex vivo incubation of 
rat mesenteric resistant arteries with simvastatin, induc-
es rapid AMPK-mediated eNOS phosphorylation at Ser-
1177. In addition to modulating phosphorylation, statins 
also increase the eNOS activity at the post-translational 
level, causing it to dissociate from caveolin-1. Atorvasta-
tin reduces the content of caveolin-1 and activates eNOS 
in EC, regardless of the presence or absence of LDL cho-
lesterol [77].

Statins act at several levels, increasing both eNOS 
activity and stabilizing its dimers. The exposure of HU-
VEC to cerivastatin or fluvastatin results in the increased 
GTPCH expression and the increased BH4 bioavailability, 
resulting in improved eNOS binding. In addition, statins 
prevent the oxidation of tetrahydrobiopterin to trihydro-
biopterin (BH4 to BH3). The result of these processes is a 
decrease in the oxidative stress in endothelial cells and 
an improvement in the eNOS function [76].

Asymmetric dimethylarginine (ADMA) acts as an 
endogenous inhibitor of eNOS. ADMA is produced as a 
by-product of protein metabolism due to methylation 
of L-arginine residues, its production is significantly in-
creased by LDL in endothelial cells, and it is metabolized 
by the enzyme dimethylarginine dimethylaminohydro-
lase (DDAH); under physiological conditions, it is excret-
ed in the urine. Due to its close structural similarity to 
L-arginine, ADMA suppresses the eNOS activity either 
through the inhibition of the L-arginine cellular uptake 
or through a direct competitive inhibition of eNOS bind-
ing [78].

There are several hypotheses about the ways statins 
affect ADMA levels. One of them concerns the inhibition 
of the ADMA-induced inflammatory response modu-
lated by mitogen-activated protein kinase (MAPK) in 
human endothelial cells. Statins activate the transcrip-
tion factor of sterol response element binding protein 
(SREBP) by lowering membrane cholesterol. This factor 
specifically enhances the expression of more than 30 
genes associated with the synthesis and absorption of 
fatty acids, phospholipids, cholesterol and triglycerides. 
One of its isoforms, a sterol regulatory element bind-
ing protein 2 (SREBP-2), increases the transcription of 
proprotein convertase subtilisin/kexin type 9 (PCSK9, 
proprotein convertase subtilisin/kexin type 9). Statins 
increase both PCSK9 mRNA and LDLR levels by activating 
sterol-mediated SREBP-2, an important activator of the 
transcription and DDAH activity (Fig. 6) [79].

Resveratrol
Resveratrol (3,5,4’-trihydroxy-trans-stilbene) is a 

phytoalexin polyphenol found in various plant species 
including Veratrum grandiflorum (Maxim. ex Baker) O. 

Loes, Polygonum cuspidatum Siebold & Zucc., Vitis vi-
nifera L., Arachis hypogaea L. and Morus rubra L. The 
name “resveratrol” comes from its origin; the compound 
is a resorcinol derivative from the species of the genus 
Veratrum.

Molecular targets of resveratrol include those which 
interact directly with it and the others that are modu-
lated indirectly (e.g., through changes at the expression 
levels). For its effect on eNOS, the following targets are 
of particular importance: NAD+ – dependent histone 
deacetylase sirtuin 1 class III (SIRT1, silent information 
regulator 1); AMP-activated protein kinase (AMPK); nu-
clear factor-derived erythroid 2 – dependent factor-2 
(Nrf2, nuclear factor E2-related factor 2); estrogen re-
ceptors (ER).

A part of the resveratrol effects on the cardiovascu-
lar system is mediated by endothelial NO. Resveratrol 
enhances the NO production through several mecha-
nisms and prevents the NO breakdown by reducing the 
oxidative stress (Fig. 7).

Activators of various NOS isoforms
Calcium dobesilate (Doxium 1)
Calcium dobesilate (CaD) is widely used as an angi-

oprotective agent for the treatment of vascular diseas-
es, inhibits platelet aggregation, thrombus formation, 
increased capillary permeability, reduces their fragility, 
increased blood viscosity.

A specific property of dobesilate is a moderate in-
crease in the eNOS activity with little or no effect on the 
iNOS activity, which indicates its future outlook for the 
treatment of vascular diseases, especially those caused 
by impaired NO secretion in the endothelium, including 
prolonged hyperglycemia [81].

The mechanism of calcium dobesilate action on the 
eNOS expression is realized in several ways.

As a result of the study of the molecular and cellu-
lar mechanisms underlying the protective effects of CaD 
carrird out by Zhou Y. et al. [84], the effect of calcium 
dobesilate on pentraxin 3 (PTX3) was established. This 
protein is an important component of humoral immu-
nity and is secreted by various cells, including endothe-
lial, mononuclear macrophages, fibroblasts, adipocytes, 
dendritic and smooth muscles after the stimulation of 
the inflammatory response. High plasma levels of PTX3 
are associated with many diseases conjugated with en-
dothelial dysfunction (diabetes mellitus, arterial hyper-
tension, chronic kidney disease). PTX3 interferes with 
eNOS phosphorylation by serine 1177, reducing NO pro-
duction, leading to endothelial dysfunction.

PTX3 induces dysfunction and morphological chang-
es in the endothelial layer via the P-selectin/matrix 
metalloproteinase-1 pathway, which prevents the sep-
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aration of eNOS from caveolin-1, resulting in impaired 
NO signaling [82]. Another study also confirms that PTX3 
inhibits the NOS/NO pathway by inhibiting eNOS phos-
phorylation and therefore not inducing a detachment 
from caveolin-1 required for activation [83].

Thus, calcium dobesilate can inhibit the PTX3 ex-
pression by altering the IKK/IKB/NF-κ B pathway, there-
by improving endothelial dysfunction at the cellular lev-
el [84].

Endothelial cells also need a vascular endothelial 
growth factor A (VEGF-A) to maintain their various func-
tions (differentiation, permeability, and the NOS expres-
sion) and survive [85], however, an excessive amount 
of this factor causes their damage, increased glomer-
ular permeability and inflammation. An appropriate 
balance of the VEGF expression, binding, and signaling 
is required to maintain glomerular health and prevent 
glomerulosclerosis and rarefaction. Under pathological 
conditions, this balance is disturbed [86].

Despite high concentrations of VEGF in the vascula-
ture, a reduced NO response was called “uncoupling” of 
eNOS and VEGF, which leads to the disruption of the cel-
lular response and the intensification of the pathological 
process course. In addition to its positive effect on eNOS, 
at the molecular level, calcium dobesilate also reduces 
the oxidative stress and inhibits growth factors such as 
fibroblasts growth factor (FGF) and VEGF [87].

CavNOxin
CavNOxin is a synthetic peptide of 20 amino acids in 

the framework domain of caveolin with a triple alanine 
substitution fused to the peptide penetratin for a free 
entry into cells. 

CavNOxin increases NO levels, decreases a vascular 
tone, and lowers mean BP in wild-type mice, but the ef-
fect is lost in gene or caveolin-1 knockout animals, indi-
cating that it is caveolin-1 specific.

A chronic CavNOxin administration reduces the se-
verity of atherosclerosis in mice with apolipoprotein E 
(ApoE, apolipoprotein E) knockout, fed a high-fat diet, 
and in mice with diabetes and atherosclerosis, while the 
loss of eNOS genetically reduces its effect. These results 
suggest that CavNOxin may reduce the inhibitory effect 
of caveolin on the eNOS function, allowing increased en-
dogenous NO biosynthesis. The data from genetic stud-
ies using transgenic mice with the endothelial-specific 
expression of F92A CAV1 confirm that the regulated ex-
pression of modified caveolin is sufficient to increase the 
NO bioavailability, which leads to a significant decrease 
in BP [88].

NOS transcription enhancers
AVE3085 and AVE9488 are two small molecules that 

have been identified by high-throughput screening able 
of enhancing the eNOS67 transcription in vitro and in 
vivo.

A promoter analysis using the luciferase test showed 
that both compounds bind even the shortest fragment 
of the eNOS promoter (263 polynucleotides), but do not 
overlap with known eNOS transcription factors (GATA, 
Sp1/3-like, Elf-1, YY1, Sp1 or PEA3).

AVE3085 has a promoter binding cis element located 
in the proximal 263 base pairs of the promoter region.

In the experiments on the human internal mammary 
artery obtained after a coronary artery bypass surgery, a 
positive effect of AVE3085 was shown. It was expressed 
in the prevention of the damaging effect of homocyste-
ine on the endothelium during the co-incubation with 
AVE3085, while an increase in the level of eNOS mRNA 
and an increase in the NO production was observed [89].

These NOS transcription enhancers have also been 
shown to increase vascular BH4 levels, reduce a cuff-in-
duced neointima formation, and improve the course of 
atherosclerosis in ApoE knockout animals after 12 weeks 
of diet. AVE9488 promotes cardiomyocyte remodeling 
in a model of myocardial infarction, which can be ex-
plained by a decrease in SMAD-mediated signaling [90].

Blockers of various NOS isoforms
NOS inhibitors can be classified from 
different points of view.
A classical enzymological approach makes it possi-

ble to distinguish reversible (subgroups: competitive, 
non-competitive and mixed type), irreversible, as well as 
reactive inhibitors, the action of which depends on the 
enzymatic reaction.

The most widely used classification of inhibitors is 
based on the site of their binding to the NOS enzyme, 
which makes it possible to recognize four different class-
es of inhibitors.

The first class, in fact the largest, interacts with the 
arginine-binding site. Some of the compounds belonging 
to this class are reaction-level inhibitors because they re-
quire an active enzyme and NADPH for a complete in-
hibition. The second class includes a set of compounds 
that mimic the BH4 cofactor. The third class is represent-
ed by inhibitors that directly interact with heme. Some 
inhibitors belonging to this class bind to the heme of the 
monomeric form of the enzyme and prevent the for-
mation of its active dimer. The fourth class covers NOS 
inhibitors interacting with calmodulin or flavin cofactors 
[91].

There is also a classification according to which 
NOS inhibitors can be divided into two groups: based 
on amino acids (derivatives and close analogues of ar-
ginine) and based on non-amino acids (a wide range of 
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compounds that do not have an arginine-like amino acid 
backbone). Arginine-based NOS inhibitors have generat-
ed a particular interest as this category includes a large 
number of compounds with potential experimental and 
clinical applications. Since these compounds are readily 
available and stable in the aqueous media, they serve as 
an excellent tool for an experimental inhibition of NOS 
[91].

Non-selective inhibitors
Even before crystal structures had been created, 

arginine-based compounds were found to inhibit NOS 
and exhibit neuroprotective properties. For example, 
NG-mono-methyl-L-arginine (2 L-NMMA) and NG-ni-
tro-L-arginine methyl ester (3 L-NAME) protect brain 
neurons in a stroke and Parkinson’s disease. However, 
these inhibitors also cause hypertensive effects, most 
likely due to the inhibition of eNOS.

The earlier studies have shown that L-arginine sub-
strate analogs have inhibitory properties against three 
NOS isoforms. Among them, NG-monomethyl-L-arginine 
(L-NMMA) and NG-nitro-L-arginine (L-NNA) and its pre-
cursor NG-nitro-L-arginine methyl ester (L-NAME) have 
been characterized as common NOS inhibitors and con-
tinue to be widely used in research, especially L-NAME 
[92].

Endogenous ADMA and L-NMMA inhibitors
There are two endogenous NOS inhibitors. ADMA 

is a potent, non-competitive NOS inhibitor, while its af-
fined L-NMMA is a less potent, competitive NOS inhib-
itor. Although ADMA has been shown to contribute to 
the development of the inflammatory syndrome and en-
dothelial dysfunction observed in shock, the possibility 
of its clinical application requires a further study [91].

546C88 (N(G)-methyl-L-arginine hydrochloride)
Compound 546C88 (N(G)-methyl-L-arginine hydro-

chloride) is a non-selective NOS inhibitor that appears 
to rebalance a vasomotor tone in patients with septic 
shock, by reducing the concomitant need for norepi-
nephrine. It has been studied in phase III clinical trials in 
Europe, North America, South America, South Africa and 
Australia. This study was terminated in advance due to 
an increased risk of death [91].

L-NAME
N-nitro-L-arginine methyl ester (L-NAME) and Ng-ni-

tro-L-arginine (L-NArg) are synthetic, non-selective 
NOS inhibitors with implications for a substance abuse 
because they attenuate signs of opioid withdrawal in 
rats. L-NAME also seems promising for the treatment 
of a septic shock by maintaining adequate BP levels. A 

chronic administration of L-NAME reduces angiogenesis 
during in vitro migration and invasiveness, pointing to its 
possible future use as a tumor growth inhibitor [91].

VAS203
Pterin 4-amino-tetrahydrobiopterin (VAS203) is a 

BH4 analogue that can inhibit all NOS proteins by replac-
ing the BH4 cofactor. VAS203 has shown efficacy in the 
treatment of the traumatic brain injury and has been 
used in phase II clinical trials [92].

Selective inhibitors of iNOS
N-[3-(aminomethyl)benzyl]acetamidine
N-[3-(aminomethyl)benzyl]acetamidine is a specific 

iNOS inhibitor. It remains one of the most widely used 
NOS inhibitors in the research due to its cell and tissue 
permeability. Its selectivity appears to be associated 
with an irreversible effect on the more rapidly respon-
sive iNOS, while the inhibition of nNOS and eNOS is re-
versible. The similar effect is observed in N(5)-(1-imino-
ethyl)-1-ornithine (1-NIO) [92]. 

7-nitroindazole
One of the first highly selective compounds is 7-ni-

troindazole (7-NI). Initial crystallographic studies showed 
that 7-NI binds at the active site of eNOS and changes 
the Glu orientation of the active site, while 3-bromo-7-
NI can bind at both the active and pterin sites [93]. 7-ni-
troindazole is a specific nNOS inhibitor and exhibits an 
anticonvulsant effect on models of seizures in rodents. 
It has also been shown to occasionally induce convul-
sions in rodents caused by cainite, nicotine, and soman. 
Although it has been shown that all three isoforms can 
bind 7-NI with very similar affinity, in vivo studies have 
shown inhibition of nNOS without significant effect on 
BP. This may be due to the fact that 7-NI can be taken up 
by cells in different ways and the permeability of endo-
thelial cells for this compound is limited. Thus, although 
7-NI cannot be accurately described as a specific inhib-
itor of nNOS, it may behave as such in in vivo models 
[92].

Aminoguanidine
Aminoguanidine is a selective iNOS inhibitor that 

attenuates the “graft versus host” disease by reducing 
hematopoietic parameters and a concomitant suscepti-
bility to the bacterial infection in mice [94].

L-NIL
An exceptional compound among the first argi-

nine-based NOS inhibitors developed is L-NIL. It has a 
moderate selectivity for iNOS, is well tolerated, and its 
prodrug (L-NIL-TA) can be administered orally [95].
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GW273629 и GW274150
Compounds GW273629 and GW274150 are sul-

phur-substituted acetamidine amino acids that are spe-
cific iNOS inhibitors. Having safer toxicity profiles than 
1400W, GW273629 and GW274150 have been used 
in clinical trials for migraine therapy (NCT00242866; 
NCT00319137). The both compounds were found to be 
ineffective, possibly due to the peculiarities of pharma-
cokinetics [91, 92, 95].

eNOS
As mentioned above (see section “Endothelial NO 

synthase”), eNOS is posttranslationally palmitylated and 
transported to caveolae, where its activity is reduced 
due to binding to caveolin-1. Based on this mechanism, 
it seems possible to mimic the function of caveolin-1.

Based on this approach, cavtratin, a drug that inhib-
its eNOS, was developed. It is a caveolin scaffold domain 
fused to the cell-permeable peptide penetratin, which 
allows caveolin to pass through the plasma membrane. 
Cavtratin significantly targets at eNOS, reducing its ac-
tivity and mimicking the inhibitory effect of caveolin-1, 
while not affecting the function of other NOS in vivo. 
Cavtratin reduces an increased microvascular perme-
ability and blocks a tumor progression (shown in the 
model of HepG2 hepatocarcinoma cells transplant-
ed into mice without thymus), restores tight junctions 
in brain microvascular endothelial cells treated with 
chemokine-2, inhibits matrix metalloproteinase-2/9 and 
cyclooxygenase-2, which can lead to the stabilization of 
atherosclerotic plaques and reduce the risk of intracere-
bral hemorrhage. Cavtratin also reduces the growth of 
glial cells and has a protective effect on the blood-brain 
barrier when exposed to VEGF-A in a mouse model of 
multiple sclerosis.

It remains unknown whether eNOS is the only tar-
get of cavtratin. However, most of the blocking effects 
of VEGF and the Transforming growth factor (TGF) were 
reversed when the experiments were performed in 
eNOS-deficient mice.

It is possible that cavtratin may increase blood pres-
sure during a course administration. However, there is 
no evidence to support this potential effect. Further-
more, since CAV1 is believed to regulate many intracel-
lular signaling pathways, cavtratin may have pleiotropic 
effects on many tissues, especially those lacking eNOS 
[90].

Other approaches to inhibition
Inhibition of downstream mediators
Methylene blue is a soluble guanylate cyclase (sGC) 

inhibitor. It is a dye that can be safely used in the people 
with a septic shock. It provides an effective protection in 

the TNFα-induced shock as well as in anaphylactic hypo-
tension not corrected by other pharmacological agents. 
Methylene blue may be also useful in refractory cases of 
vasoplegia, a common complication of cardiopulmonary 
bypass, by alleviating an inflammation-mediated dysreg-
ulation of the endothelial function [96]. 1H-[1,2,4]oxa-
diazolo-[4,3-a]quinoxalin-1-one (ODQ) is a selective sGC 
inhibitor in rats that restores a basal ganglia function and 
improves motor symptoms in Parkinson’s disease [94].

NO recycling
An NO-sensitive hydrogel, which demonstrated its 

fast response and sensitivity to NO, was developed by 
the research group of Park J. et al. That presented a po-
tential for the application in biology and medicine [96]. 
There are projects to evaluate the ability of NO-cleav-
able cross-linkers (NOCCLs) to capture NO for the treat-
ment of rheumatoid arthritis (RA). This is the first study 
on the possibility of using endogenous NO directly for 
the treatment of RA. By controlling the concentration of 
acrylamide as a polymer base and NOCCL as a crosslink-
ing agent, a spherical nanogel was prepared by a solution 
polymerization to obtain an NO-neutralizing nanosized 
hydrogel (NO-Scv gel) for treating rheumatoid arthritis. 
As expected, the NO-Scv gel took up NO and reduced 
the levels of pro-inflammatory cytokines produced by 
activated macrophages in vitro. In addition, after an in-
tra-articular injection of the nanogel into each paw of 
the mice with experimental RA, the therapeutic effects 
observed were superior to those notified with in vivo 
dexamethasone [98], which inhibits an iNOS-dependent 
NO formation by destabilizing iNOS mRNA by a mecha-
nism requiring de novo protein synthesis. The effect of 
dexamethasone on the iNOS expression and the NO pro-
duction, as well as on the degradation of iNOS mRNA, is 
to some extent abolished by type II interferon [97].

Therapeutic applications of activity modulators 
of various NO synthase isoforms
After various NOS isoforms had been identified, the 

search for their inhibitors progressed rapidly. As more 
and more active molecules were becoming available, it 
has become clear that the selectivity for NOS isoforms is 
a major problem. All 3 isoforms of human NOS (nNOS, 
eNOS, and iNOS) have nearly identical active site struc-
tures, making it difficult to design a selective inhibitor. It 
is especially important to avoid inhibition of eNOS due 
to its vital role in the cardiovascular system.

Experimental approaches using modulators of nitric 
oxide synthesis, including substrate manipulations, NO 
synthesis donors and inhibitors, will be useful to estab-
lish the relationship between NO systems and the cells 
of the cardiovascular and renal systems.
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As a vasodilator, NO may be a unique therapeutic 
agent for the treatment of hypertension and, as a result, 
renal failure and left ventricular hypertrophy. The inclu-
sion of NO modulators in clinical practice may be useful 
not only as therapeutic agents for certain diseases, but 
also as means to slow the progression of diseases due 
to their influence on many systems of the mammalian 
body.

As a therapeutic approach, a modulation of the 
NOS activity can be implemented to treat endothelial 
dysfunction, which is the cause for many diseases. For 
example, the development of endothelial dysfunction 
is characteristic of diabetes mellitus: the course of this 
disease is characterized by a number of metabolic disor-
ders, which ultimately lead to the disruption of function-
ing of various organs and systems, mainly cardiovascular. 
A summary of the characteristics of various NOS is pre-
sented in Table 1.

CONCLUSION
Enzymes of the NOS group became pharmacothera-

peutic targets immediately after their key role in the NO 
biosynthesis had been established, and the interest in 

them is growing as new aspects of the pathogenesis of 
many acute and chronic diseases are being elucidated. 
Currently, almost all human diseases are to some extent 
associated with the endothelium and its dysfunction, 
and the restoration of the adequate vascular homeosta-
sis is impossible without blood flow maintaining in the 
microvasculature at the physiological level. Increasingly, 
therapeutic strategies for many socially significant dis-
eases (metabolic, cardiovascular, and neurometabolic) 
are endotheliocentric in nature and are aimed at pre-
venting primary or secondary cardiovascular complica-
tions. Today, approaches to the stimulation of angio-
genesis factors are being studied for the treatment of 
cardiovascular diseases, which show promising results in 
animals, but have not yet been implemented in the clin-
ic. One important reason for this is the complexity and 
a large number of related molecular mechanisms that 
regulate ischemic vascular remodeling. Being responsi-
ble for the coordination and activity of vascular factors, 
the NO molecule can be such a regulator. Therefore, the 
NOS activity modulation may thus serve as an important 
factor for the operation of the complex network, con-
tributing to a greater efficiency of angiogenesis.
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The aim of the study is the elaboration of Rules for Harvesting/Collecting of Pollen to minimize the risks associated with the 
use of pollen-based medicinal products. 
Materials and methods. The following electronic resources were used in the study: PubMed, Medline, ScienceDirect, Web 
of Science, Scopus, Google Scholar, eLibrary, World Allergy Organization, Cochrane Database, Stallergenesgreer, Allergen-
scienceandconsulting, Pharmacopoeia, Fda.gov, fs.usda.gov, Ema.europa.eu. The analysis covered the period from January 
1, 2010 until December 31, 2021.
Results. Currently, there are some general requirements for the quality of pollen in Russia, but there are no controls or stan-
dardised procedures for harvesting, drying, and purification of pollen. The USA and EU also lack established qualification pro-
grammes for pollen-collecting companies and/or individual pollen collectors. Regulatory authorities establish requirements 
only for visual control of raw materials or delegate responsibility to the manufacturer. The analysis of the existing regulatory 
documentation revealed lack of requirements for collection, storage, and processing of pollen used as the raw material for 
the production of allergen products. This calls for the elaboration of appropriate regulatory documents. The authors have 
compiled the Rules for Harvesting/Collection of Pollen, which include 6 parts. The Rules are intended for individuals directly 
involved in harvesting/collection of pollen, and contain requirements for pollen collectors, the process of pollen collection, 
documentation, storage, and transportation.
Conclusion. The authors have prepared the Rules for Harvesting/Collecting of Pollen, which include 6 parts. The Rules cover 
the whole process of pollen collection and all related processes. The implementation of this document will improve the 
process of pollen collection, thus reducing the risks associated with the use of pollen-based medicines. Further studies will 
assess the impact of the pollen quality on the safety of medicinal products.
Keywords: allergen-specific immunotherapy; herbal substances; safe use of medicinal products; good collection practice; 
adverse drug reactions; pollen; allergen extract
Abbreviations: ASI – allergen-specific immunotherapy; GM – general monograph; EU – European Union; USA – the United 
States of America; SP Rus. XIV ed. – State Pharmacopeia (Russia) XIV edition; PPE – personal protective equipment.
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Цель. Подготовка проекта Правил заготовки (сбора) растительной пыльцы для минимизации рисков при применении 
лекарственных препаратов на основе пыльцы. 
Материалы и методы. В исследовании использовали следующие электронные ресурсы: PubMed, Medline, 
ScienceDirect, Web of Science, Scopus, Google Scholar, eLibrary, World Allergy Organization, Cochrane Database, 
Stallergenesgreer, Allergenscienceandconsulting, Pharmacopoeia, Fda.gov, fs.usda.gov, Ema.europa.eu. Поиск осуществля-
ли за период с 1 января 201 по 31 декабря 2021.
Результаты. В настоящее время в России существуют общие требования к качеству пыльцевого материала, однако 
какой-либо контроль и стандартизация процесса заготовки, сушки и очистки отсутствует. В США и ЕС также отсутству-
ют установленные программы квалификации организаций по сбору пыльцы и/или индивидуальных сборщиков. Ре-
гуляторные органы ограничиваются визуальными требованиями к исходному сырью или возлагают ответственность 
на усмотрение производителя. В ходе анализа действующих нормативных документов было выявлено отсутствие 
требований в отношении сбора, хранения и обработки пыльцы, используемой в качестве сырья для производства 
лекарственных препаратов аллергенов. В связи с этим существует необходимость разработки нормативных докумен-
тов. Составлены «Правила заготовки (сбора) пыльцы», в которых выделены 6 разделов. Правила предназначены для 
лиц, непосредственно осуществляющих заготовку (сбор) пыльцы, и содержат требования к заготовителям, к процессу 
сбора пыльцы, документации, хранению и транспортированию пыльцы. 
Заключение. Составлены «Правила заготовки (сбора) пыльцы», в которых выделены 6 разделов. Составленные Пра-
вила полностью регламентируют процесс сбора пыльцы и все сопутствующие ему процессы. Внедрение документа 
позволит повысить качество сбора пыльцы, тем самым уменьшить риски применения лекарственных препаратов на 
ее основе. Планируется изучение влияния качества пыльцевого сырья на безопасность применения лекарственных 
препаратов.
Ключевые слова: аллергенспецифическая иммунотерапия; лекарственное растительное сырье; безопасность приме-
нения лекарственных препаратов; надлежащая практика сбора; нежелательные реакции; пыльца; экстракт аллергена
Список сокращений: АСИТ – аллерген специфическая иммунтерапия; ЛП- лекарственный препарат; ОФС – общая 
фармакопейная статья; ЕС – Европейский Союз; США – Соединенные Штаты Америки; ЛРС – лекарственное раститель-
ное сырье; ГФ РФ XIV издания – Государственная фармакопея XIV издания; СИЗ – средства индивидуальной защиты.

INTRODUCTION
A significant part of the population is affected by 

allergic diseases [1, 2]. According to some estimates, 
about 20–30% of the world’s population [3] suffer from 
allergies, including 1 to 5% of the ones who suffer from 
pollen-associated food allergies, which may not neces-
sarily include allergic rhinitis symptoms [4].

The study of the allergic diseases mechanism and 
pathogenesis resulted in the development of a modern 

treatment method—allergen-specific immunotherapy 
(ASI) [5–7]. The ASI principle consists in the administra-
tion of gradually increasing doses of pollen-based aller-
gen extract which induces an allergic response, to a pa-
tient [8, 9]. The ASI method is the only evidence-based 
etiotropic therapy for allergic diseases [10–13]. Howev-
er, there are still topical problems regarding clinical ef-
ficacy and tolerability of the therapy [14–16]. Different 
dosage forms of allergens and allergoids are manufac-
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tured for the ASI method that uses pollen’s ability to 
induce an allergic response [17]. Pollen is a herbal sub-
stance used for the production of allergen extracts, i.e. 
active pharmaceutical ingredients (herbal preparations) 
which, in their turn, are used for the production of al-
lergen and allergoid products [15]. Herbal substances 
are highly diverse and variable in terms of bioactive sub-
stance composition [18–20], which depends not only on 
the geographical range and weather conditions, but also 
on the period and procedure of collecting/harvesting 
[21, 22], and this makes it difficult to establish uniform 
standards [23, 24].

Pollen, as a morphological group, has a number 
of specific features that are not taken into account in 
current regulatory documents. Pollen is a delicate ma-
terial that is rather difficult to collect. The main differ-
ence between pollen and other herbal preparations is 
that much of pollen is harvested in the natural habitat, 
which has a significant impact on the quality and uni-
formity of the final product [25]. Pollen composition is 
affected by genetic and environmental factors, such as 
the harvested plants, weather conditions, air and soil 
pollution during the plant growth [26,27], which makes 
it difficult to assess the products’ safety profile [28]. A 
potential development of adverse events, as well as a 
medicinal product efficacy in ASI, depend not only on 
the administered dose, but also on the biochemical 
characteristics of the administered allergen product 
[29-33]. The first stage of the study included the elabo-
ration of a controlled physicochemical parameters list, 
qualitative and quantitative characteristics (including 
macro- and microscopic species-specific characteris-
tics) to be included in the regulatory documentation 
for pollen [34].

The efficacy and safety of medicinal products are 
affected by pollen harvesting and storage conditions. 
To prevent pollen contamination, including the one 
with pollen from other plants, the harvesting/collect-
ing of raw materials should be regulated by relevant 
documents. In this area, the following regulations 
are in force in the Russian Federation: Rules of Good 
Manufacturing Practice of the Eurasian Economic 
Union adopted by Resolution No. 77 of the Council of 
the Eurasian Economic Commission dated November 
3, 2016 (hereinafter Resolution No. 77)1; Resolution 
No. 15 of the Council of the Eurasian Economic Com-
mission On Adoption of the Rules of Good Practice 
of Cultivation, Collection, Processing, and Storage of 
Starting Materials of Herbal Origin (hereinafter Reso-
lution No. 15)2; Recommendations of the Board of the 

1 Rules of Good Manufacturing Practice of the Eurasian Economic 
Union adopted by Resolution No. 77 of the Council of the Eurasian 
Economic Commission of November 3, 2016 (as amended on July 14, 
2021)
2 Rules of Good Practice of Cultivation, Collection, Processing, and 
Storage of Starting Materials of Herbal Origin adopted by Resolution 
No.15 of the Council of the Eurasian Economic Commission of January 
26, 2018 

Eurasian Economic Commission dated May 10, 2018, 
No. 63.

Pollen collectors must follow the Rules of Good Prac-
tice of Cultivation, Collection, Processing, and Storage 
of Starting Materials of Herbal Origin adopted by Res-
olution No. 15 of the Council of the Eurasian Economic 
Commission dated January 26, 20184. Chapter 3 “Per-
sonnel” of Resolution No. 15 states: “If the harvesters/
collectors do not have knowledge of the harvested me-
dicinal plants, they should receive training, their work 
should be supervised, and appropriate records should 
be kept”. At the same time, there are no established cri-
teria and requirements for pollen harvesting/collecting. 
The environmental issues should also be given consider-
ation5. All of the above listed factors support the need 
for the elaboration of rules for harvesting/collecting of 
pollen as a morphological group of herbal substances.

THE AIM of the study is the elaboration of Rules 
for Harvesting/Collecting of Pollen to minimize the risks 
associated with the use of pollen-based medicinal prod-
ucts. 

MATERIALS AND METHODS
The following electronic resources were used in 

the study: PubMed, Medline, ScienceDirect, Web of 
Science, Scopus, Google Scholar, eLibrary, World Al-
lergy Organization, Cochrane Database, Stallergenes-
greer, Allergenscienceandconsulting, Pharmacopoe-
ia, Fda.gov, fs.usda.gov, Ema.europa.eu. The queries 
were made using the following English and Russian 
keywords combinations: allergen specific immuno-
therapy; pollen; pollen collection; major and minor, 
Allergy, grass allergens; molecular diagnosis; safety; 
Allergen extract; Allergen standardisation. The analy-
sis covered the period from January 1, 2010 until De-
cember 31, 2021.

Russian and foreign laws and regulations were used 
as study materials. The rules were elaborated based on 
the following documents: State Pharmacopoeia of the 
Russian Federation, XIV edition (SP Rus., XIV ed.)6; Rules 
of Good Practice of Cultivation, Collection, Processing, 
and Storage of Starting Materials of Herbal Origin7; Rus-
sian National Standard GOST 24027.0-80 Herbal Sub-

3 Recommendations of the Board of the Eurasian Economic Commission 
On the Guideline for the Quality of Herbal Medicinal Products of May 
10, 2018, No.6.
4 Order of the Ministry of Natural Resources of Russia of July 28, 2020 
No. 494 On Adoption of the Rules for Harvesting Forest Plants for the 
Food Industry, and Medicinal Plants (Registered in the Ministry of 
Justice of Russia on December 14, 2020, registration No.61428).
5 Forestry Code of the Russian Federation of December 4, 2006  
No.200-FZ (as amended on July 31, 2020). Available from: http://www.
consultant.ru/document/cons_doc_LAW_64299/.
6 State Pharmacopeia of the Russian Federation XIV edition. Vol. I–IV; 
M., 2018. available from: https://femb.ru/record/pharmacopea14.
7 Rules of Good Practice of Cultivation, Collection, Processing, and 
Storage of Starting Materials of Herbal Origin adopted by Resolution 
No.15 of the Council of the Eurasian Economic Commission of January 
26, 2018. 
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stances. Rules for Acceptance, and Sampling Methods8; 
Russian National Standard GOST 24027.1-80 Herbal Sub-
stances. Identification, Detection of Pest Contamination, 
Testing of Impurities and Degree of Fineness9; Russian 
National Standard GOST 24027.2-80 Herbal Substances. 
Determination of Water Content, Ash, Extractives, Tan-
nins, and Essential Oil10; Committee for Medicinal Prod-
ucts for Human Use. Guideline on Allergen Products: 
Production and Quality Issues. European Medicines 
Agency. –London. 200811; European Pharmacopoeia. 
10th ed. European Department for the Quality of Med-
icines12; US Food and Drug Administration. Compliance 
Program Guidance Manual, Chapter 45, Biological Drug 
Products, Inspection of Biological Drug Products (CBER) 
7345.84813; Code of Federal Regulations Food and Drug 
Administration (21 680.1). Allergenic Products. V.714.

RESULTS AND DISCUSSION
Like other herbal substances, pollen is usually har-

vested from wild and cultivated plants. General Pharma-
copoeia Monograph (GPM).1.7.1.0001.15 “Allergens”15 
states that in the case of cultivated plants, the matura-
tion of pollen has to take place in pollinaria – specially 
equipped facilities with continuous indoor climate mon-
itoring. Such methods of obtaining raw materials are 
used in the EU and the USA. Several large manufactur-
ers, such as Stallergenes (France), have their own polli-
naria16. This is a new and fairly uncommon strategy that 
allows obtaining homogeneous materials and minimiz-
ing man-caused impacts [26].

There are several methods of pollen collection: 
manual, vacuum-assisted, and water-assisted. Any of 
these methods may be used for pollen collection from 
a wide variety of plants. The choice of the method will 

8 Russian National Standard GOST 24027.0-80 Herbal substances. 
Rules for Acceptance, and Sampling Methods. Available from: https://
docs.cntd.ru/document/1200022938.
9 Russian National Standard GOST 24027.1-80 Herbal Substances. 
Identification, Detection of Pest Contamination, Testing of Impurities 
and Degree of Fineness. Available from: https://rags.ru/gosts/
gost/14034/.
10 Russian National Standard GOST 24027.2-80 Herbal Substances. 
Determination of Water Content, Ash, Extractives, Tannins, and 
Essential Oil. Available from: https://rags.ru/gosts/gost/30604/.
11 Guideline on Allergen Products: Production and Quality Issues. 
Available from: https://www.ema.europa.eu/en/documents/
scientific-guideline/guideline-allergen-products-production-quality-
issues_en.pdf.
12 European Pharmacopoeia. 10th ed. Available from: https://www.
edqm.eu/en/web/edqm/european-pharmacopoeia-ph-eur-10th-
edition.
13 US Food and Drug Administration. Compliance Program Guidance 
Manual, Chapter 45, Biological Drug Products. Available from: https://
www.fda.gov/media/73834/download.
14 Code of Federal Regulations Food and Drug Administration (21 
680.1). Allergenic Products. V.7. Available from: https://www.ecfr.gov/
current/title-21/chapter-I/subchapter-F/part-680/section-680.1.
15 State Pharmacopeia of Russian Federation XIV ed. GMP.1.7.1.0001.15 
Allergens. M.; 2018. Available from: http://pharmacopoeia.ru/ofs-1-7-
1-0001-15-allergeny. Russian
16 Stallergenes Greer. Allergen Extracts: Derived from Natural Sources. 
Available from: https://www.stallergenesgreer.com/manufacturing.

depend on the experience of a particular collector, avail-
able resources, an area size, and the required amount of 
raw materials17. Each method has its benefits and draw-
backs. The most common method in Russia is a manual 
collection by an open method, which is very laborious, 
but not very efficient. The water method is more effi-
cient. It consists in placing the plant parts with mature 
anthers in trays filled with water. The anthers open 
up, and the pollen grains stick to the tray surface. The 
main advantage of this method is that it helps to obtain 
high-purity materials. However, this method is also very 
laborious, and the collected pollen is exposed to mois-
ture, which subsequently stimulates the growth of mi-
croorganisms, including pathogenic ones [26].

The vacuum method is recommended for pollen col-
lection from the plants that grow as a ground cover, like 
most weeds. Before starting the collection process, the 
area is carefully inspected for any related or unrelated 
plants that could by collected by mistake. The collection 
is carried out with the help of special devices in the form 
of reservoirs fitted with air tubes working similar to a 
vacuum cleaner. The main advantage of this method is 
that it is relatively simple. The main disadvantage of the 
method is that it is impossible to remove all unwanted 
plants from the collection area, and the final product 
may contain a lot of pollen grains from other plants, 
which cannot be isolated. Mechanical sieving is the eas-
iest and most popular method of pollen purification, 
as sieving through different micronic mesh sizes helps 
to remove biological contaminants that are different in 
size from pollen grains. The purification by air allows re-
moval of those impurities that are also different in mass. 
However, the air-assisted purification equipment is ex-
pensive and often results in the damage to pollen, which 
makes it difficult to assess its allergenic properties [26].

Based on the above, it is recommended to include 
three main manual collection methods into the Rules18. 
The first collection method uses cyclone dust collectors 
and is the most effective of all the three methods. Raw 
materials are collected into special bags and can be 
processed immediately after the collection. The second 
method is more problematic, because pollen is collected 
together with flowers. The collected flowers have to be 
dried in special convection dryers. Next, the flowers are 
cut to separate the pollen, and the pollen is sieved. The 
advantage of this method is that it produces dried mate-
rials, already ready for storage. However, a major disad-
vantage of the method is the likelihood of finding parts 
of the cut flowers in the harvested materials. The third 
method is the least effective of all. Inflorescences are 
placed in a plastic bag, without cutting them from the 

17 Copes DL, Vance NC, Randall WK, Jasumback A, Hallman R. Vacuum 
collection of Douglas-fir pollen for supplemental mass pollinations. 
Res. Note PNW-RN-503. Portland, OR: U.S. Department of Agriculture, 
Forest Service, Pacific Northwest Research Station. 1991: 9 p.
18  Encyclopaedia of Beekeeping. Collection and Storage of Pollen. 
Available from: http://paseka.pp.ru/pchela-i-zdorove-cheloveka/614-
sbor-i-xranenie-pylczy-i-pergi.html. Russian
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plant, and are shaken vigorously. This method is more 
appropriate for large inflorescences, as it is less likely to 
damage the flowers.

The choice of the method should be governed by 
the type of the harvested plant. The composition and 
quality of pollen depend on a variety of factors, there-
fore, no major biologically active components have been 
determined yet that could be used for pollen qualifica-
tion or standardisation.

General Pharmacopoeia Monograph.1.7.1.0001.15 
“Allergens”19 (SP Rus., XIV ed.); provides the general re-
quirements for the quality of pollen: a harvesting period; 
a residual moisture; morphological characteristics; impu-
rities; heavy metals (sulfated ash); pest contamination. 
Nevertheless, the general monograph does not contain 
requirements for the methods of pollen collection.

The most relevant current regulations include 
the following ones: Russian National Standards GOST 
24027.0-80, GOST 24027.1-80, and GOST 24027.2-80, 
Rules of Good Manufacturing Practice of the Eurasian 
Economic Union adopted by Resolution No. 77. The 
analysis of the regulatory documents has revealed no 
mention of pollen in them. Resolution No.15 applies to 
the production of herbal substances by the agricultural 
industry and covers the organic material production and 
obtaining herbal substances from wild-growing plants. 
However, the collection rules do not cover specific as-
pects of pollen collection from wild-growing and culti-
vated plants. At the same time, Resolution No. 77 states 
that the requirements for raw materials also apply to 
pollen.

Thus, there are some general requirements for the 
pollen quality of in Russia, but there are no controls or 
standardized procedures for harvesting, drying, and pu-
rification of pollen. The USA and EU also lack specific 
qualification programmes for pollen-collecting compa-
nies and/or individual pollen collectors20. Regulatory au-
thorities have established requirements for the allergen 
extract quality, but when it comes to the raw materials, 
they mainly rely on the requirements for visual control 
of raw materials or suggest delegating the responsibility 
to the manufacturer. Therefore, allergen extract manu-
facturers usually provide a list of their own requirements 
for the companies supplying pollen and/or for individ-
ual collectors [36]. Table 1 summarizes quality control 
parameters for some medicinal products by different 
manufacturers, which are authorized in Russia [37]. The 
standardisation performed is based on the major pro-
tein [38-40].

The pollen composition has an effect on both ef-
ficacy and safety of the pollen-based herbal medicinal 
products. The allergenic composition of pollen depends 

19 State Pharmacopeia of Russian Federation XIV ed. GMP.1.7.1.0001.15 
Allergens. M.; 2018.
20 US Food and Drug Administration. Compliance Program Guidance 
Manual, Chapter 45, Biological Drug Products. Inspection of Biological 
Drug Products (CBER) 7345.848. Available from: https://www.fda.gov/
media/73834/download.

on genetic factors, weather and climate conditions, 
man-made factors, a period and methods of pollen col-
lection, its procession, and storage [35]. For instance, 
rains damage the exine of pollen grains, and that affects 
the allergenicity of the obtained pollen [41]. Therefore, 
collection of pollen during rains may affect the allergen 
profile of pollen. The qualitative and quantitative com-
position of allergens contained in pollen, is determined 
not only by specific weather or soil conditions, but also 
by intrinsic genetic properties of different varieties of 
plants [42]. If the raw material contains pollen from dif-
ferent plant genera and species, this may result in the 
presence of cross-reacting allergens and, consequently, 
increase the risks of adverse drug reactions due to the 
changes in the dosages of allergens in herbal medicinal 
products [43], or reduce the treatment efficacy due to 
the allergen incompatibility [44]. The risks of adverse re-
actions to immunotherapy depend on each patient’s in-
dividual model of sensitization to plant allergens [45]. In 
general, ASI is regarded a safe kind of therapy. The stud-
ies suggest that the most frequent adverse reactions are 
of a local type (64%) [45]. No systemic adverse reactions 
have been observed in pre-clinical [46] and clinical [47] 
studies. 

A proper pollen storage is critical for ensuring the 
quality of raw materials and preserving their protein 
composition21. Harvesting, processing, storage, and a 
quality control of pollen are performed with due regard 
to anatomical and diagnostic properties of plants.

Elaboration of regulatory document setting 
requirements for pollen collection 
as raw material for medicines production
The authors of this paper suggest an approach to 

the elaboration of a document on harvesting/collecting, 
storage, and processing of pollen (hereinafter referred 
to as the Rules) (Fig. 1). These Rules apply to harvesting/
collecting of pollen from wild and cultivated plants, to 
be used as a raw material for the industrial-scale produc-
tion of medicinal products.

The Rules are intended for the individuals who are 
directly involved in harvesting/collecting of pollen, i.e. 
individual collectors and self-employed businessmen 
who have an appropriate certificate of training. 

Personnel – pollen collectors
1. In order to be admitted to pollen harvesting/

collecting, a Collector must be checked for infectious 
diseases, and if any infection is detected, the Collector 
must be suspended.

2. The Collector must meet all the requirements set 
forth in the Rules of Good Practice of Cultivation, Col-
lection, Processing, and Storage of Starting Materials of 
Herbal Origin.

21 Allergen Science and Consulting. Storage of Allergenic Raw Materials. 
Available from: http://allergenscienceandconsulting.com/allergenic-
raw-materials-storage/.
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3. Prior to harvesting, the Collector must be in-
formed about the principles of handling rare and pro-
tected medicinal plants, and a sustainable use of natural 
resources in accordance with the Forestry Code of the 
Russian Federation22.

4. The Collector must have sufficient knowledge of 
the harvested wild and cultivated plants.

5. Pollen is a highly allergenic product; therefore the 
Collector must be protected from its harmful effect.

6. Collectors must be provided with adequate san-
itary-hygienic labour conditions, working clothes, and 
appropriate personal protective equipment (PPE).

Technical requirements 
for pollen harvesting/collecting
The next stage of the study involved the elaboration 

of technical requirements for pollen collection methods.
The authors have carefully studied the process of 

pollen collection and formulated the following require-
ments. 

1. To minimize the content of heavy metals and oth-
er ecotoxicants in pollen, it is forbidden to carry out har-
vesting near roads and manufacturing facilities.

22 Forestry Code of the Russian Federation of December 4, 2006 No. 
200-FZ (as amended on July 31, 2020). Available from: http://www.
consultant.ru/document/cons_doc_LAW_64299/. Russian

2. Harvested medicinal plants should not be dam-
aged by bacteria or insects, only healthy plants should 
be harvested. 

3. A harvesting period should coincide with the flow-
ering period of the plant, which may vary depending on 
the type of the plant and its vegetation area. For exam-
ple, flowering of birch takes place from the end of April 
till the end of May, while flowering of cereals takes place 
much later – from the end of May till the end of July.

4. Pollen collection should not be carried out during 
or after the rain and in the morning, if there is dew. 
Damp or wet plants/trees should not be harvested. A 
high humidity increases the risk of mould and bacteria 
that are damaging for the pollen allergen. Pollen collec-
tion should take place in the daytime or in the evening 
A more specific time of pollen collection depends on the 
genus and species of the harvested plant.  The collection 
time may also be influenced by the region where the col-
lection is taking place.

5. Pollen collection should be carried out in such 
a way as to minimize particulate contaminations (e.g., 
from the soil).

6. Contact of raw materials with other types of pol-
len must be avoided in order to prevent cross-contami-
nations.

7. Pollen collection may be carried out by manual 

Figure 1 – Diagram of proper pollen harvesting for medicines production (A.A. Taube, 2021)
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Table 1—Principles of standardization of medicinal products for ASI

Parameter
Allergens 

(“Seva Pharma”,  
Czech Republic)

Staloral, Oralair
(Stellergen, France)

LAIS
(Lofarma, Italy)

Molecular structure Polymer Polymer Monomer (allergoid)

Standardization Protein nitrogen content
Reactivity index  

(characterises the major  
antigen)

Allergenic unit (characterises 
the antigenic determinant)

Administration route Sublingual (drops, tablets) Sublingual (drops, tablets) Sublingual (tablets)
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or vacuum methods. The choice of the method must be 
justified for each type of the plant. A proper collection 
helps to increase the efficiency of the process and avoid 
contaminations of raw materials. 

8. The equipment should be made from high-quality 
materials preventing cross-contaminations. The machine 
parts that are in direct contact with the raw materials, 
must be carefully cleaned to avoid contaminations from 
previously collected pollen and from residual amounts 
of detergents.

9. During harvesting, raw material must be pro-
tected from the exposure to the substances used in the 
equipment operation, such as lubricants and fuel.

10. In order to obtain pollen of good quality, the pro-
cessing time should be stuck to. The Collector must de-
liver the harvested raw materials to the customer within 
2–3 hours after the collection. If this is not feasible, the 
raw materials must be dried. Drying is carried out in con-
vection dryers at 35–40°C [48]. Before drying, the pollen 
is spread out in a thin layer on greaseproof paper. This 
helps to prevent mould formation during storage. After 
drying, plant parts, fungal spores, and insect fragments 
are removed from the pollen. The two main purification 
methods are mechanical sieving and air purification.

11. The storage of pollen until its delivery to the 
manufacturer is carried out according to the Rules of 
Good Practice of Cultivation, Collection, Processing, and 
Storage of Starting Materials of Herbal Origin.

12. Accompanying documentation is prepared ac-
cording to the Rules of Good Practice of Cultivation, Col-
lection, Processing, and Storage of Starting Materials of 
Herbal Origin.

13. It is prohibited to harvest endangered plant spe-
cies (Article 85 of the Administrative Offence Code of the 
Russian Federation dated December 30, 2001 No.195-
FZ23).

14. Repeated harvesting of medicinal plants in the 
same area is carried out in accordance with the Order 
of the Ministry of Natural Resources of Russia dated July 
28, 2020 No.49424. Pollen is an above-ground organ of 
the plant, therefore the collection interval is once in 2 
years for annual plants and once in 4–6 years for peren-
nial plants. This is an essential requirement for preven-
tion of medicinal plant extinction.

15. The harvesting/collection method is developed 
for each species on a case-by-case basis. 

16. Values of organoleptic properties should be de-
termined by dedicated experts for each individual type 
of a herbal substance. However, there are some visual 
control parameters, which are common for all types of 
herbal substances: evident impurities, such as soil or 

23 Administrative Offence Code of the Russian Federation of December 
30, 2001 No. 195-FZ (as amended on April 20, 2021).
24 Order of the Ministry of Natural Resources of Russia of July 28, 
2020 No. 494 On Adoption of the Rules for Harvesting Forest Plants 
for the Food Industry, and Medicinal Plants (Registered in the Ministry 
of Justice of Russia on December 14, 2020, registration No. 61428). 
Russian

parts of plants; contaminations with pathogenic micro-
organisms, mould, larvae, etc. These problems may arise 
when pollen is collected from unhealthy plants, or when 
the conditions of raw materials storage are not observed 
[49]. 

Documentation
At the next stage of the study, the authors elabo-

rated the Documentation part of the Good Practice. All 
activities performed with raw materials must be doc-
umented. The authors elaborated a Pollen Collection 
standard form, which is given in the annex to the Rules.

The Pollen Collection form was compiled, based on 
the form for harvesting herbal substances given in the 
Rules of Good Practice of Cultivation, Collection, Pro-
cessing, and Storage of Starting Materials of Herbal Or-
igin. The form contains the following fields to be filled:
1. Latin name of the harvested plant (genus, species, 

subspecies, variety);
2. Russian name of the plant;
3. Place of collection (district / region / country / geo-

graphical bearings if possible);
4. Date and time of the collection to make sure that 

the collection time is chosen correctly;
5. Collector’s data, i.e. his/her full name;
6. Collector’s location. For legal entities—the address 

of the company, for the individuals registered as 
self-employed businessmen – residential address-
es, to enable a communication with the supplier, if 
necessary;

7. Collection/weather conditions, since collection is 
forbidden in rainy weather; 

8. Nearby plants – to know which pollen impurities 
may be present in the harvested material;

9. Insects that may be found on nearby plants—to 
perform tests for potential contaminations of pol-
len;  

10. Collection method – in order to know which impu-
rities should be tested and which tests should be 
performed;

11. The amount of collected pollen;
12. Additional information which may include the grow-

ing conditions if known, and the fertilizers used;
13. Whether the harvested material was dried after the 

collection, and if so, which equipment and condi-
tions were used;

14. The circumstances that can affect the quality.
The delivery of the harvested material by the Col-

lector to the customer must be based on a commercial 
contract, which stipulates the provision of accompany-
ing documents confirming that the collection of pollen 
was performed in accordance with the applicable re-
quirements. 

Storage and transportation
Pollen must be stored under well-defined condi-

tions. Requirements for storage and transportation are 
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established in the SP Rus., XIV ed. and in the Rules of 
Good Practice of Cultivation, Collection, Processing, and 
Storage of Starting Materials of Herbal Origin. Individual 
storage conditions may be considered for pollen of some 
particular plants.

The main requirements are:
1. Pollen and packaging materials must be stored 

in dry, well-aerated facilities, protected from rodents, 
birds, and insects.

2. Pollen must be packaged in dry, clean, thick bags.
3. Each package must be labelled in accordance with 

the Decision of the Council of the Eurasian Economic 
Commission dated November 3, 2016 No. 7625. The fol-
lowing has to be specified: 

– raw materials names;
– names of suppliers/collectors;
– lot/batch number;
– year and month of harvesting/collecting;
– delivery dates;
– shelf life.
4. Different types of raw materials must be stored in 

tight packages to prevent contamination. 
5. Packaged raw materials must be stored on trays 

to avoid wetting.
6. Pollen herbal substances must be stored and 

transported frozen (at a relative humidity of 3±0.5%);

7. Frozen herbal substances should be stored at 
temperatures below –18°C, and below –20°C in case of 
long-term storage.

CONCLUSION
Based on the results of the performed analysis, 

the authors prepared the Rules for Harvesting/Collect-
ing of Pollen, which include 6 parts. The Rules cover 
the whole process of pollen collection and all related 
processes. The implementation of this document as an 
independent part of the Rules of Good Practice of Cul-
tivation, Collection, Processing, and Storage of Start-
ing Materials of Herbal Origin will make it possible to 
collect pollen of wild and cultivated plants and obtain 
high-quality raw materials (with minimum impurities/
heavy metals/contaminations with pathogenic micro-
organisms/mould, etc.), without detriment to the plant 
population.

The availability of a regulatory document establish-
ing requirements for the process of harvesting, storage, 
and processing of pollen herbal substances will make it 
possible to improve the process of pollen collection, thus 
reducing risks associated with the use of pollen-based 
medicines. The focus of further studies could be on es-
tablishing the correlation between the quality of pollen 
and development of adverse drug reactions.

25 Decision of the Council of the Eurasian Economic Commission 
of November 3, 2016 No.76 On Adoption of the Requirements for 
Labelling of Medicinal Products for Human Use and Veterinary 
Medicinal Products.
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The aim of this study is to conduct a comprehensive pharmacoeconomic evaluation of the use of long-acting subcutaneous 
lanreotide gel compared to alternative drugs, for the treatment of acromegaly.
Materials and methods. Based on the literature data, a treatment model with a 1-year outlook was developed, a cost-effec-
tiveness analysis (CEA) in pharmacoeconomics and a sensitivity analysis of changes in the model parameters were carried 
out. Direct medical costs for the annual therapy course were calculated. The data on the medicines costs were taken from 
the register of marginal prices of the State Register of Medicines.
Results. According to the unified Russian registry of the pituitary-hypothalamic tumors area, the achievement of remission in 
the acromegaly patients using lanreotide, a long-acting gel for a subcutaneous administration, compared to the long-acting 
octreotide, is 51% vs 24%. During the first year of treatment with octreotide, the total pharmacotherapy costs were lower 
than with lanreotide (RUB 225,496.07 vs RUB 574,451.84). According to the results of the cost-effectiveness analysis for one 
achieved case of remission, the advantage of using lanreotide over long-acting octreotide was revealed (RUB 1,251,870.56 
versus RUB 1,431,005.31). The sensitivity analysis demonstrated the model’s stability to increases in the lanreotide price (up 
to +18%), decreases in the octreotide prices (up to –22%), increases in the transsphenoidal adenomectomy prices (up to 
+59%), and decreased lanreotide remission rates (up to –12%).
Conclusion. Although the treatment costs analysis showed lower total per year costs of the treatment with long-acting 
octreotide compared to lanreotide, the calculation of the cost-effectiveness ratio per remission showed that lanreotide had 
been superior to long-acting octreotide.
Keywords: acromegaly; lanreotide; octreotide; cost-effectiveness analysis; treatment costs
Abbreviations: MP – medicinal product; SSAs, somatostatin analogues; IGF-1 – insulin-like growth factor-1; QOL – quality of 
life; STH – somatotropic hormone; VAT – value added tax; TM – trade margin; RCT – randomized clinical trial; CT – clinical trial; 
HTMC – high-tech medical care; AEs – adverse effects; RR – relative risk; CI – confidence interval.
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Цель. Проведение комплексной фармакоэкономической оценки применения препарата ланреотид гель для подкож-
ного введения пролонгированного действия по сравнению с альтернативными препаратами для терапии акромегалии.
Материалы и методы. На основании данных литературы была построена модель лечения с горизонтом 1 год, про-
веден фармакоэкономический анализ затраты-эффективность (CEA) и анализ чувствительности к изменениям пара-
метров модели. Прямые медицинские затраты были рассчитаны на годовой курс терапии. Данные о стоимости ле-
карственных препаратов были взяты из реестра предельных цен Государственного реестра лекарственных средств.
Результаты. По данным единого Российского регистра опухолей гипоталамо-гипофизарной области, достижение ре-
миссии у пациентов с акромегалией при использовании ланреотид, гель для подкожного введения пролонгирован-
ного действия в сравнении с октреотидом пролонгированного действия составляет 51% против 24%. Общие затраты 
на фармакотерапию в течение первого года при использовании октреотида были ниже, чем при использовании лан-
реотида (225496,07 руб. против 574451,84 руб.). По результатам анализа «затраты-эффективность» на один достиг-
нутый случай ремиссии было выявлено преимущество применения ланреотида перед октреотидом пролонгирован-
ного действия (1251870,56 руб. против 1431005,31 руб.). Анализ чувствительности продемонстрировал устойчивость 
модели к увеличению цены на ланреотид (до +18%), уменьшению цены на октреотид (до –22%), увеличению цены на 
транссфеноидальную аденомэктомию (до +59%) и снижению частоты ремиссий на ланреотид (до –12%).
Заключение. Несмотря на то, что анализ затрат на лекарственные препараты показал меньшие общие затраты на 
годовой курс терапии октреотидом пролонгированного действия в сравнении с ланреотидом, при расчёте коэффи-
циента «затраты-эффективность» на один достигнутый случай ремиссии было выявлено преимущество применения 
ланреотида перед октреотидом пролонгированного действия.
Ключевые слова: акромегалия; ланреотид; октреотид; анализ затраты-эффективность; затраты на лечение
Список сокращений: ЛП – лекарственный препарат; АСС – аналоги соматостатина; ИФР-1 – инсулиноподобный фак-
тор роста-1; КЖ – качество жизни; СТГ – соматотропный гормон; НДС – налог на добавленную стоимость; ТН – торго-
вая наценка; РКИ – рандомизированное клиническое исследование; КИ – клиническое исследование; ВМП – высо-
котехнологическая медицинская помощь; ИФР-1 – инсулиноподобный фактор роста-1; НЯ – нежелательные явления; 
ОР – относительный риск; ДИ – доверительный интервал.

INTRODUCTION
Acromegaly is a severe neuroendocrine disease 

caused by a chronic hyperproduction of a somatotropic 
hormone (STH) in individuals with a completed physio-
logical growth [1]. Due to the development of various 

complications, the disease is accompanied by a pro-
gressive disability, a reduced life expectancy, and an in-
creased mortality risk [2].

Somatostatin analogues (SSAs) are the most com-
mon pharmacological treatment option for acrome- 
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galy. According to the current clinical guidelines [1], 
the main indication for the SSAs prescription is the 
adjunctive therapy while maintaining a disease acti- 
vity at the end of the surgery [3, 4]. SSAs are also used 
as the first therapy line for small adenomas. In this 
group, the most common drugs are octreotide and 
lanreotide [4]

The problem of the therapy resistance in the acro-
megaly patients is widespread in the clinical practice 
[5]. To date, about 50% of the acromegaly patients do 
not achieve biochemical remission when using standard 
SSAs doses [3]. One of the possible ways to overcome 
the resistance is to increase the dose or reduce the in-
terval between the injections.

To improve the therapy effectiveness, Russian and 
international experts also recommend an intragroup re-
placement of octreotide with lanreotide [5]. In the SSAs 
group, octreotide is older, while lanreotide is more mo- 
dern. A number of studies note its better tolerability, a 
higher percentage of successful injections and, as a re-
sult, the achievement of a better control over acrome- 
galy [4].

Lanreotide is a natural somatostatin analogue, able 
of suppressing the growth hormone secretion due to 
its pronounced tropism for human somatostatin recep-
tors SSTR [6, 7]. It exists in the usual form (Somatulin®, 
injections once per 14 days, practically not used at the 
moment), and in a more convenient prolonged form (So-
matulin® Autogel®, injections once per 28 days) [7].

A significant price of SSAs and lanreotide, in particu-
lar, is worth notifying. In the study published by Lesén E.  
et al., in 2013, the annual costs of the SSAs therapy in 
Sweden were valued at 13,500 euros [8]. In the article 
by Orlewska E. et al., the annual average costs of thera-
py with lanreotide (Autogel, 120 mg) in Poland were va- 
lued at 12,187 euros [9]. In the analysis by Biermasz N.L. 
et al., the costs of the SSAs therapy in the Netherlands 
were reported as €16,500 for octreotide (Sandostatin® 
LAR, the mean dose of 24 mg/4 weeks) and €23,000 for 
lanreotide Autogel [10].

No similar studies have been conducted in the Rus-
sian Federation. To carry out a competent and reason-
able distribution of the healthcare budget, this fact high-
lights the importance of a comprehensive assessment of 
different options for the acromegaly treatment.

THE AIM of this study is to conduct a comprehensive 
pharmacoeconomic evaluation of the use of long-acting 
subcutaneous lanreotide gel compared to alternative 
drugs, for the treatment of acromegaly.

To achieve the aim, the following tasks were set:
1. A comparative review of the clinical efficacy and 

safety of lanreotide, a long-acting subcutaneous gel, for 
the acromegaly treatment, vs long-acting octreotide.

2. Direct costs calculations for the acromegaly treat-
ment with lanreotide and octreotide within the frame-

work of the Russian healthcare system, as well as for the 
surgical treatment (transsphenoidal adenomectomy) in 
case of a failure to achieve remissions.

3. Developing a pharmacoeconomic model to assess 
the relationship between the prescription of lanreotide 
and the costs of acromegaly therapy using mathematical 
modeling.

4. The sensitivity analysis of the selected model to 
changes in the primary parameters.

MATERIALS AND METHODS
In order to analyze the effectiveness and safety, a 

search for the information on randomized clinical trials 
in the following electronic resources – Cochrane Library; 
Medline eLIBRARY – was made.

The search was performed on September 28, 2021. 
It included publications with a statute of 10-year lim-
itations with the following keywords: “lanreotide” OR 
“octreotide” AND “clinical effectiveness” OR “clini-
caloutcomes” AND “acromegaly”; “lanreotide” OR “oc-
treotide” AND “clinical efficacy” OR “outcomes” and 
“acromegaly”.

According to the primary search query, 902 publica-
tions were found in the Medline database; 0 in the Co-
chrane Library database; 12 – in the eLibrary. A further 
selection was carried out according to the PRISMA crite-
ria (Fig. 1). When reviewing the literature, the following 
publications were selected:

1) Review by Qiao N. et al., 2020 [11]; 2) Review 
and meta-analysis by Leonart L.P. et al., 2018 [12]; 3) 
Review by Abu Dabrh A.M. et al., 2014) [13]; 4) Review 
by Marko N.F. et al., 2012 [14]; 5) RCT by Bernabeu I. 
et al., 2020 [15]; 6) RCT by Guistina A. et al., 2017 [6]; 
7) RCT by Annamalai A.K. et al., 2013 [16]; 8) RCT by 
Gariani K. et al., 2013 [17]; 9) RCT by Li Q.Z. et al., 2012 
[18]; 10) RCT by Carmichael J.D. et al., 2012 [19]; 11) 
RCT by Tutuncu Y. et al., 2012 [20]; 12) CT by Salvatori 
R. et al., 2017 [21]; 13) CT by LANTERN, An Z et al., 2017 
[22]; 14) CT by PRIMARYS, Caron P.J. et al., 2016 [23]; 
15) Data from the Moscow Register, Antsiferov M.B. et 
al., 2020 [24]; 16) Data from the unified Russian reg-
istry of tumors of the pituitary-hypothalamic system, 
Belaya Zh.E. et al., 2020 [2].

The original somatulin medicinal preparation – So-
matulin® Autogel® (Ipsen Pharma, France) – gel for a 
subcutaneous (s/c) administration of the long-acting 
drug in the doses of 60 mg, 90 mg and 120 mg, was cho-
sen as the study drug (SD).

For a comparative analysis, octreotide preparations 
that are most commonly used in acromegaly patients in 
clinical practice were selected: Sandostatin-LAR® origi-
nal preparation (Novartis, Switzerland), generic prepa-
rations Octreotide-depot® (Pharmsynthesis, Russia) and 
Octreotide-long® (Nativa, Russia) in the doses of 10 mg, 
20 mg and 30 mg.
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Table 1 – Lanreotide titration scheme of long-acting gel for s/c administration  
in acromegaly patients in the first year of therapy according to Chanson P. et al., 2008 [26]

Therapy term Dose Frequency
Therapy start (1–3 mths) 90 mg – 100% Once per 28 days

4–6 mths 60 mg – 17,4%; 90 mg – 12,8%;120 mg – 69,8% Once per 28 days
7–12 mths 60 mg – 14,0%; 90 mg – 13,0%; 120 mg – 73,0% Once per 28 days

Figure 1 – Study selection scheme

Figure 2 – Route of acromegaly patients according to Belaya Z.E. et al, 2020 [3]

Number of duplicate 
publications excluded: 10

Publications older than 10 years: 657
Publications about other kinds: 48
Publications in other languages: 5

Publications for which the used filters, 
review articles and clinical case
reports are not applicable: 169

Publications from Medline, Cochrane, 
eLIBRARY found by keywords: 914

Publications from Medline, Cochrane, 
eLIBRARY found by key words: 914

Publications by use of filters – clinical trial, 
randomized clinical trial, meta-analysis, 

systematic review: 26

Publications for selected population
(the age over 19): 21

Publications not related 
to acromegaly: 5

Publications on lanreotide 
and long-acting octreotide efficacy: 16

Publications included 
in the analysis: 16

Publications concerning other drugs,
short-acting SSAs,

and alternative dosage forms: 5

Acromegaly patients (100%)

Primary surgical treatment – 39.1%

Primary pharmacotherapy – 60.9%

Remission achievement after 
surgical treatment – 59.5%

+24.7% – the operated on
(the ones with no response

to pharmacotherapy)

Pharmacotherapy after surgical 
treatment – 40.7%
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Table 2 – Octreotide titration scheme in acromegaly patients in the first year  
of therapy according to Dreval A.V. et al., 2014 [5]

Therapy term Dose Frequency
Therapy start (1–3 mths) 20 mg – 100% Once per 28 days

4–6 mths 10 mg – 5,6%; 20 mg – 58,22%; 30 mg – 53,16% Once per 28 days
7–12 mths 10 mg – 5,1%; 20 mg – 41,8%; 30 mg – 13,9%; 40 mg – 39,2% Once per 28 days

Table 3 – Median prices for different doses of long-acting somatostatin analogues

MP (INN) Dose (mg) Median price (rubles) Median price +VAT+ТM (rubles) Median price +VAT+ТM (USD)*
Lanreotide 60 30,830.85 37,931.04 523.1
Lanreotide 90 42,246.28 56,896.57 784.78
Lanreotide 120 61,661.70 75,862.08 1,046.37

Octreotide 10 7,949.95 9,780.78 134.9
Octreotide 20 15,899.91 19,561.58 269.81
Octreotide 30 23,849.85 29,342.35 404.72

Note: dollar exchange rate dated 05.10.21: 1 $ = 72.5 rubles.

Table 4 – Costs calculation of Somatulin® Autogel® annual course per one acromegaly patient  
(with prices in rubles, including VAT and TM)

Therapy term Dosing regimen Frequency  
of administration

Quantity  
of units Cost per 1 unit Cost per period

1–3 therapy mths. 90 mg, once per 28 days, s/c 1.00 3.0 56,896.57 170,689.70

4–6 therapy mths.
60 mg, once per 28 days, s/c 0.174 3.0 37,931.04 19,800.00
90 mg, once per 28 days, s/c 0.128 3.0 56,896.57 21,848.28

120 mg, once per 28 days, s/c 0.698 3.0 75862.08 158,855.20

7–12 therapy 
mths.

60 mg, once per 28 days, s/c 0.14 3.0 37,931.04 15,931.04
90 mg, once per 28 days, s/c 0.13 3.0 56,896.57 22,189.66

120 mg, once per 28 days, s/c 0.73 3.0 75,862.08 166,137.96
Cost per 

treatment course
575,451.84 rubles or 7,937.26 $

Table 5 – Costs calculation of long-acting octreotide annual course per one acromegaly patient  
(with prices in rubles, including VAT and TM)

Therapy term Dosing regimen Frequency of 
administration

Quantity  
of units

Cost per  
1 unit

Cost per  
period

1–3 therapy mths. 20 mg, once per 28 days, s/c 1.00 3.0 19,561.58 58684.73

4–6 therapy mths.
10 mg, once per 28 days, s/c 0.056 3.0 9,780.78 1643.17
20 mg, once per 28 days, s/c 0.582 3.0 19,561.58 34154.51
30 mg, once per 28 days, s/c 0.531 3.0 29,342.35 46742.36

7–12 therapy mths.

10 mg, once per 28 days, s/c 0.051 3.0 9,780.78 1496.45
20 mg, once per 28 days, s/c 0.418 3.0 19,561.58 24530.22
30 mg, once per 28 days, s/c 0.139 3.0 29,342.35 12235.76
40 mg, once per 28 days, s/c 0.392 6.0 19,561.58 46008.83

Cost per treatment course 225,496.07 руб. or 3,110.29 $

Table 6 – Cost-effectiveness ratios

Parameter Long-acting lanreotide Long-acting octreotide
Costs of pharmacotherapy for the first year (rubles/patient) 575,451.84 225,496.07
Costs of therapy for transsphenoidal adenomectomy (rubles) 240,358.0 240,358.0
Only need for surgery 15.7% 15.7%
Need for pharmacotherapy 36.2% 36.2%
Both surgery and pharmacotherapy 48,1% 48.1%
Remission rate* 0,51 0.24
Total costs per person per year, rubles 638,453.99 343,441.27
Cost-effectiveness ratio, rubles / case of achieved remission 1,251,870.56 1,431,005.31

Difference 179,134.74 rubles or 2,470.82 $
Note: * – based on the data of the Russian Register [3]
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The study estimated direct medical costs for a one-
year treatment course. The data on the medicines costs 
were taken from the register of marginal prices of the 
State Register of Medicines (SRMs)1 as on September 2, 
2021. The value added tax (VAT) of 10% and the weight-
ed average trade margin (TM) of 11.845%2 were also 
taken into account. To convert the price into US dollars, 
the current exchange rate as of 10/05/213 was used 1 $ 
= 72.5 rubles.

To calculate the therapy costs, the research data 
describing the routine use of the studied drugs in real 
clinical practice, were used [25].

In the study by Chanson P. et al. [26], conducted in 
Germany, an analysis of the dose titration of Somatulin® 
Autogel® in acromegaly patients, during a year of ther-
apy (Table 1) is presented. Under the conditions of the 
Russian healthcare system, Dreval A.V. et al. [5] conduct-
ed a dose titration study of octreotide preparations in 
acromegaly patients (Table 2).

The analysis of direct medical costs [25] took into 
account the main pharmacotherapy and the cost of a 
surgical intervention (transsphenoidal adenomectomy) 
in case of a failure, to achieve remission within a year. 
The cost was calculated on the basis of the Decree of the 
Government of the Russian Federation dated December 
28, 2020 No. 22994 “On the Program of State Guaran-
tees of Free Medical Care for Citizens for 2021 and for 
the planning period of 2022 and 2023.” According to this 
document, microsurgical and endoscopic interventions 
for pituitary adenomas belong to the class of high-tech 
medical care (HTMC) and, depending on the complex-
ity of the operation, are estimated at 169,754 rubles. 
(HTMC 1), or – 310,961 rubles. (HTMC 2). The median 
cost was considered to amount to 240,358 rubles.

Based on the data of the Register [3], published in 
the article by Belaya Zh.E. et al., there are several route 
options in acromegaly patients (Fig. 2).

– Group 1. They undergo surgical treatment and 
achieve remission without pharmacotherapy prescrip-
tion.

– Group 2. Acromegaly patients undergo surgical 
treatment, but require subsequent pharmacotherapy.

– Group 3. Pharmacotherapy is primarily prescribed, 
and then a patient undergoes surgical treatment.

– Group 4. Primarily pharmacotherapy is prescribed, 

1 State register of maximum selling prices, 2021. Available 
from: https: //minzdrav.gov.ru/opendata/7707778246-
gosreestrpredelnyhotpusknyhcen/visual. Russian
2 Omelyanovsky VV, Avksentieva MV, Sura MV, Khachatryan GR, 
Gerasimova KV, Ivakhnenko OI, Dzanaeva AV. Guidelines for conducting 
a comparative clinical and economic evaluation of a medicinal product. 
Approved by order of the Center for Healthcare Quality Assessment 
and Control of the Ministry of Health of the Russian Federation dated 
December 29, 2018 No.242, Moscow, 2018. – 46 p. Russian
3 Bank of Russia. Available from: https://www.cbr.ru/eng/about_br/irp/.
4 Decree of the Government of the Russian Federation of December 28, 
2020 N 2299 “On the Program of State Guarantees of Free Provision of 
Medical Care to Citizens for 2021 and for the Planning Period of 2022 
and 2023” (with amendments and additions). Russian

against this background, there is either remission 
achieved and the patient remains on maintenance doses 
of drugs, or the dose of drugs is increased.

Based on the research hypothesis, the method of 
“cost-effectiveness” as a clinical and economic analysis 
was chosen [25]. This method implies the correlation 
of costs with the results obtained and the comparison 
of two or more alternative medical technologies by this 
indicator. At the same time, the results are presented in 
the form of “natural” indicators of clinical effectiveness, 
the number of the years of saved lives, or other objec-
tive criteria that are significant for a particular patholo-
gy5. In the case of the SSAs therapy for acromegaly, the 
percentage of patients who had achieved remission, was 
chosen as an efficiency criterion.

In this analysis, only direct costs were taken into ac-
count, so the final formula was as follows [25]:

CER = DC/Ef
where: CER (a cost-effectiveness ratio) shows the 

costs per unit of efficiency; DC denotes direct costs; Ef 
is the effectiveness of a medical technology application.

At the final stage of the study, a sensitivity analysis 
was performed, its purpose was to determine the mod-
el sensitivity to changes in the initial parameters – drug 
prices and changes in the model, taking into account the 
real clinical practice of using octreotide and lanreotide in 
acromegaly patients [25].

RESULTS
Efficacy and safety analysis
Octreotide, including a long-acting one, was regis-

tered for use in acromegaly patients long ago and has a 
large evidence base [4, 5]. Lanreotide is a more modern 
drug. Its prolonged form was registered only in 2014 (So-
matulin® Autogel®), however, the effectiveness of its use 
was confirmed in a number of studies and meta-analy-
ses [12-23

The PRIMARYS protocol [20] was an open-label, 
one-year CT of a long-acting lanreotide efficacy in the 
standard regimen (120 mg once per 28 days) for the 
control of acromegaly symptoms. The number of partic-
ipants was 90 people with a newly diagnosed disease. A 
clinical presentation was assessed using the Acromegaly 
Symptom Assessment Questionnaire (PASQ) as a part 
of European Network for Patient Safety and Quality of 
Care: PaSQ; and a quality of life (QoL) was assessed us-
ing the AcroQoL questionnaire. Acromegaly symptoms 
and QoL improved significantly from weeks 12 to 48, 
with a weak correlation between the total PASQ score 
(R= –0.55, p<0.0001) and the total AcroQoL score, and 
a physical condition score (R= –0.67, p<0.0001) [20] 
during week 48.

Similar results on the Somatulin® Autogel® effec-
tiveness are presented in the work by Antsiferov M.B. 
et al., which provides the data from the Moscow Reg-
ister of Patients. A statistical analysis showed that the 

5 State register of maximum selling prices, 2021. Russian
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hormones level after 12 weeks of treatment (GH <1.2 
mcg / l and an insulin-like growth factor-1 (IGF-1), which 
corresponds to <110% of the upper age limit) is the ef-
fectiveness marker of a 12-month treatment course. A 
decrease in IGF-1 below 110 and 125% of the upper age 
norm, respectively, after 12 weeks, was a predictor of an 
adequate and stable hormonal control [24].

Clinical data on the use of long-acting lanreotide 
based on a multicenter SODA study are presented by  
Salvatori R et al., 2017 [12]. In this work, a two-year effi-
cacy and safety of lanreotide, a long-acting s/c gel, was 
studied. The study included 241 acromegaly patients 
treated with lanreotide. IGF-1 levels below the upper 
reference value were achieved in 71.2% after 1 year of 
treatment and in 74.4% after 2 years. The most frequent 
adverse events (AEs) value ≤2.5 µg/l was recorded in 
83.3% after 1 year and in 80.0% after 2 years; STH <1.0 
µg/l – in 61.7% after 1 year and in 61.4% after 2 years. 
The most common adverse event (AE) was arthralgia 
(25.7%). 10 оf 106 serious AEs reported by 42 patients, 
were treatment related [21].

In the recent network meta-analysis by Leonart L.P. 
et al. [12], a clinical efficacy of different drugs for the ac-
romegaly treatment were compared. The study included 
2059 articles. The results showed that pegvisomant and 
long-acting lanreotide were statistically superior to pla-
cebo: a relative risk (RR), a 95% confidence interval (CI) 
were 0.06 (0.00–0.55) and 0.09 (0.0-0. 88), respective-
ly. No significant differences were found out; however, 
when comparing lanreotide and long-acting octreotide, 
there was a trend towards the advantage of the first one 
(RR 95%, CI was 0.74 (0.06–7.91). No serious side effects 
of treatment were notified.

Among the Russian publications, the Russian Reg-
istry of Pituitary-Hypothalamic tumors data should be 
notified, where a large sample demonstrated a clinical 
advantage of lanreotide in achieving remission of the 
disease – 51% vs 24% for long-acting octreotide. Thus, 
based on the analyzed data, the cost-effectiveness me- 
thod was chosen for a further analysis, and the remission 
rates were included in the pharmacoeconomic model as 
an efficiency criterion [3].

Cost analysis and model developing
The prices for the drugs under study were includ-

ed in the cost analysis. The price for each formulation 
of lanreotide (Somatulin® Autogel® 60 mg, 90 mg and 
120 mg) was taken into account separately. According 
to the recommendations of the Federal State Budgetary 
Institution “Centre for Expertise and Quality Control in 
Health Care” (the Ministry of Health of Russia)6, when 
calculating a price for long-acting octreotide prepara-
tions, a median price was considered (Table 3).

6 Omelyanovsky VV, Avksentieva MV, Sura MV, Khachatryan GR, Ger-
asimova KV, Ivakhnenko OI, Dzanaeva AV. Guidelines for conducting a 
comparative clinical and economic evaluation of a medicinal product. 
Russian

Based on current clinical guidelines [1], works by 
Chanson P. et al. [26] and Dreval A.V. et al. [5], one pa-
tient’s treatment models with lanreotide or long-acting 
octreotide in the first year of therapy were developed. 
The results of the cost analysis for a treatment course 
are presented in Tables 4 and 5.

The total costs for pharmacotherapy in adult pa-
tients with acromegaly during the first year using 
long-acting octreotide was significantly lower than the 
costs for lanreotide: 225,496.07 rubles vs 575,451.84 ru-
bles ($3,110.29 vs. $7,937.26), but achieving remission 
was much less common.

Results of cost-effectiveness analysis
At the next stage of the study, a comparative CEA 

analysis of the lanreotide and long-acting octreotide use 
in acromegaly patients during the first year of therapy 
was carried out. The cost of transsphenoidal adenomec-
tomy, as well as the need for different types of treatment 
in acromegaly patients in the first year of treatment, 
were taken into account: the frequency of surgery, the 
appointments of pharmacotherapy, and their combina-
tions. The calculation results of the cost-effectiveness 
ratios are presented in Table 6.

Despite the fact that the drug costs analysis showed 
lower total costs for the annual therapy course with 
long-acting octreotide compared to lanreotide, when 
calculating the cost-effectiveness ratio for one achieved 
remission case, the advantage of using lanreotide over 
long-acting octreotide was revealed: 1,251,870.56 RUB 
vs 1,431,005.31 RUB ($17,267.18 vs. $19,738.0).

The use of lanreotide in acromegaly patients makes 
it possible to reduce the total costs during the year per 
1 patient in remission by 179,134.74 rubles. ($2,470.82) 
compared to long-acting octreotide.

Sensitivity Analysis Results
A sensitivity analysis demonstrated the stability of 

the model to change: prices for lanreotide – up to +18%; 
prices for octreotide – up to –22%; prices for transsphe-
noidal adenomectomy – up to + 59%; a reduction in the 
remissions frequency when using lanreotide – up to 
–12%.

DISCUSSION
The data obtained have also been confirmed by the 

international studies by Marco N.F. et al. [14]; Marty R. 
et al. [27]; Neggers S.J. et al. [28]; Orlewska E. et al. [9].

Marco N.F. et al. calculated the annual treatment 
costs with long-acting somatostatin analogs. For the 
calculation, the average dose of lanreotide was taken – 
103 mg / 4 weeks, and octreotide – 24 mg / 4 weeks. 
The median annual cost of octreotide was $43,526 and 
the median annual cost of lanreotide was $41,216. The 
costs of lifelong treatment with octreotide, lanreotide, 
pegvisomant, or SSAs + pegvisomant were $1,667,052; 
1,578,567; 2620833; and $2,573,339, respectively [14].



171

ОРИГИНАЛЬНАЯ СТАТЬЯ

Том 10, Выпуск 2, 2022

In the study by Marty R. et al., Somatulin® Autogel® 
(90 mg) and Sandostatin Lar® (20 mg) were chosen to cal-
culate annual cost savings per patient. The results were 
as follows: 356.4 euros, 929.5 euros and 1457.5 euros 
for France, Germany and the UK, respectively. It was con-
cluded that annual cost savings for the healthcare system 
could be as high as €948,236, €3,176,618 and €3,645,213 
in France, Germany, and the UK, respectively [27].

Annual costs for lanreotide and octreotide were cal-
culated by Neggers S.J. et al. to be $41,216 and $43,526, 
respectively. Somatulin® Autogel® was cheaper to use, 
with the same 60% efficacy for the both drugs. The 
authors calculated that on average, the disease is di-
agnosed in a patient aged 40 years and, if successfully 
treated, does not shorten the patient’s life expectancy. 
Assuming a life expectancy in the US of 78.3 years, the 
median treatment time per patient was 38.3 years and 
the treatment cost with lanreotide was $1,578,567 and 
with octreotide – $1,667,052 [28].

Some studies have also estimated the total costs 
of treating acromegaly patients. In the publication by  
Knutzen R. et al., all costs for the treatment of one ac-
romegaly patient are described. Orthopedic surgery 
and dental care were included. The total costs were ap- 
proximately US$1 million per patient from the time of 
the diagnosis until 25 years later [29].

The data obtained in this study, made it possible to 
speak about the feasibility and effectiveness of using the 
drug lanreotide, a long-acting gel for the treatment of 
adult acromegaly patients, both in the form of preop-
erative therapy and in cases where remission had not 
been achieved after surgical treatment. Despite the 
significant cost of lanreotide (almost twice the cost of 
octreotide preparations), based on the clinical data and 
observational studies, a higher efficiency of lanreotide in 

achieving disease remissions is probable. That indicates 
its better clinical and economic efficiency.

The results of this work have shown that the use 
of Somatulin® Autogel® for the acromegaly treatment 
in patients over 18 years old is clinically effective and 
economically justified within the framework of the state 
drug benefit system of the Russian Federation.

CONCLUSION
The analysis of literature sources made it possible to 

conclude that Somatulin® Autogel® was more clinically 
effective and more convenient to use than long-acting 
octreotide preparations.

According to the Russian Register, the achievement 
of remission with the use of lanreotide, a long-acting s/c 
gel, in comparison with long-acting octreotide, is 51% vs 
24% (with a comparable safety profile).

The total costs of pharmacotherapy for acromeg-
aly patients during the first year when using long-act-
ing octreotide was lower than when using lanreotide: 
225,496.07 rubles vs 575,451.84 rubles ($3,110.29 vs 
$7,937.26).

According to the results of the cost-effectiveness 
analysis, for one achieved case of remission, the advan-
tage of using lanreotide over long-acting octreotide was 
revealed: 1,251,870.56 rubles vs 1,431,005.31 rubles 
($17,267.18 vs. $19,738.0). Thus, the total costs during 
the year per 1 patient with the achieved remission are 
reduced by 179,134.74 rubles ($2,470.82).

A sensitivity analysis showed that the treatment 
model for acromegaly patients was resistant to an in-
crease in the price of lanreotide to +18%, a decrease in 
the price of octreotide to –22%, an increase in the price 
of transsphenoidal adenomectomy to +59%, and a de-
crease in the remission rate on lanreotide to –12%.
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The aim of the article is the gender characteristics study of the adverse drug reactions (ADRs) development based on the data 
of the notification forms registered in the regional database ARCADe (Adverse Reactions in Crimea, Autonomic Database), for 
the period from 2009 to 2018.
Materials and methods. The objects of the study were 6903 notification forms about adverse drug reactions recorded in the 
regional database called ARCADe (Adverse Reactions in Crimea, Autonomic Database) for the period from 2009 to 2018. The 
classification of drugs for separate pharmacological groups was carried out using the codes of the Anatomical Therapeutic 
Chemical (ATC) classification system of the World Health Organization (WHO) medicinal products, the instructions data of 
the State Registers of medicinal preparations used in the Russian Federation and Ukraine (for the cases registered before the 
entry of the Republic of Crimea into the Russian Federation).
Results. A general analysis of the number of cases of the adverse drug reactions (ADRs) development in patients of different 
genders made it possible to determine that 59.9% (4132 notification forms) of ADRs cases were observed in female patients; 
37.7% (2602 cases) – in male patients. In 169 cards (2.4%), information about a patient’s gender was missing. The groups 
with the largest number of the registered cases of ADRs were antimicrobial agents for a systemic use (2864 cases, 41.5% of 
the total number of the ADRs registered cases), the drugs affecting the cardiovascular (811 cases, 11.7%) and nervous (734 
cases, 10.6%) systems. In each of the presented groups, the incidence rate of ADRs in female patients exceeded that in men.
Conclusion. The study of the gender characteristics of the pharmacotherapy safety, carried out on the basis of the notifica-
tion forms of the ADRs data registered in the Republic of Crimea, confirmed a higher likelihood of developing ADRs in female 
patients. This may be due to the peculiarities of the pharmacokinetics and pharmacodynamics of drugs in the female body, 
psychological factors, a more frequent use of drugs by this category of people. The implementation of the drug, taking into 
account specific features of each gender, can lead not only to better treatment outcomes, but also to increased patients’ 
compliance.
Keywords: gender; gender characteristics; adverse reactions; drugs
Abbreviations: ABDs – antibacterial drugs; AH – arterial hypertension; ATE – angiotensine transforming enzyme; ATC-classi-
fication system – anatomical therapeutic chemical classification system; CCBAs – calcium channel-blocking agents; CI – confi-
dence interval; MP – medicinal product; NRTI – Nucleoside Reverse Transcriptase Inhibitor; NNRTIs – Non Nucleoside Reverse 
Transcriptase Inhibitor; ADR – adverse drug reaction; RAAS – renin-angiotensin-aldosterone system; CVS – cardiovascular 
system.
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Цель. Изучение гендерных особенностей развития нежелательных реакций (НР) на основании данных карт-изве-
щений о НР лекарственных средств, зарегистрированных в региональной базе ARCADe (Adverse Reactions in Crimea, 
Autonomic Database) за период 2009–2018 гг. 
Материалы и методы. Объектами исследования являлись 6903 карты-извещения о НР лекарственных средств, заре-
гистрированные в региональной базе НР ARCADe (Adverse Reactions in Crimea, Autonomic Database) за период 2009–
2018 гг. Проведение классификации ЛС по отдельным фармакологическим группам осуществлялось с использовани-
ем кодов Анатомо-терапевтически-химической (АТХ) классификации лекарственных средств Всемирной организации 
здравоохранения (ВОЗ), данных инструкций Государственных реестров ЛС Российской Федерации и Украины (для 
случаев, зарегистрированных до вступления Республики Крым в состав Российской Федерации). 
Результаты. Общий анализ количества случаев развития НР у пациентов различного пола позволил определить, что в 
59,9% (4132 карт-извещений) случаев НР наблюдались у пациентов женского пола; в 37,7% случаев (2602 случая) – у 
пациентов мужского пола. В 169 картах (2,4%) информация о поле пациента отсутствовала. Группами с наибольшим 
количеством зарегистрированных случаев НР стали противомикробные средства для системного применения (2864 
случая, 41,5% от всего количества зарегистрированных случаев НР); средства, влияющие на сердечно-сосудистую (811 
случаев, 11,7%) и нервную (734 случаев, 10,6%) систему. В каждой из представленных групп частота развития НР у 
пациентов женского пола превышала таковую у мужчин. 
Заключение. Изучение половых особенностей безопасности фармакотерапии, проведенное на основании данных 
карт-извещений о НР ЛС, зарегистрированных в Республике Крым, подтвердило более высокую вероятность развития 
нежелательных последствий применения ЛС у пациентов женского пола. Это может быть обусловлено особенностя-
ми фармакокинетики и фармакодинамики лекарственных препаратов в организме женщины, психологическими фак-
торами, более частым применением ЛС данной категорией лиц. Осуществление выбора лекарственного препарата с 
учетом специфических для каждого пола особенностей может привести не только к лучшим результатам лечения, но 
и к повышению комплаентности пациентов.
Ключевые слова: пол; половые особенности; нежелательные реакции; лекарственные средства
Список сокращений: АБП – антибактериальные препараты; АГ – артериальная гипертензия; АПФ – ангиотензинпре-
вращающий фермент; АТХ-классификация – анатомо-терапевтически-химическая классификация; БМКК – блокаторы 
медленных кальциевых каналов; ДИ – доверительный интервал; ЛС – лекарственное средство; НИОТ – нуклеозидные 
ингибиторы обратной транскриптазы; ННИОТ – ненуклеозидные ингибиторы обратной транскриптазы; НР – нежела-
тельная реакция; РААС – ренин-ангиотензин-альдостероновая система; ССС – сердечно-сосудистая система.

INTRODUCTION
At the present stage of the healthcare development, 

when using certain groups of medicinal products (MPs), 
the study of gender characteristics of the occurrence and 
course of various diseases, as well as the variability of 
patients’ of different genders’ pharmacological response 
is becoming increasingly important. Over the past 30 

years, such gender differences in the majority of car-
diovascular diseases, broncho-obstructive diseases and 
pathologies of the gastrointestinal tract, have already 
been studied. For example, women are characterized 
by a smaller size of the heart and coronary vessels, but 
the stiffness of their vessels is often higher than in men 
[1]. The changes in the level of female sex hormones 
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during the menstrual cycle can affect the main parame-
ters of their heart (blood pressure, heart rate, circulating 
blood volume) [2, 3]. The lipid level of blood plasma in 
women may also depend on the level of estrogens and 
gestagens. The development of cardiovascular diseases 
caused by atherosclerosis is observed in women 7–10 
years later than in men [4]. The main pre-condition for 
the development of arterial hypertension in female pa-
tients is the onset of the postmenopausal period, which 
is accompanied by the development of hormone defi-
ciency, the activation of the sympathoadrenal system, 
an increase in body mass index and fluid retention in 
the body. The features of the arterial hypertension (AH) 
development in women include a more frequent devel-
opment of isolated systolic AH with a high risk of target 
organs damage [2].

Gender features of the bronchopulmonary patholo-
gy development are primarily due to the anatomical and 
physiological features of a female respiratory tract struc-
ture, which consist in thickening of the bronchi walls of a 
small caliber and a decrease in the bronchi lumen. Such 
changes predetermine a significantly higher incidence of 
chronic obstructive pulmonary diseases in this category 
of patients, and are, to a great extent, due to circadian 
changes in the patients’ hormonal background of [4].

The differences due to the patients’ gender can also 
significantly change their pharmacological response 
when the patients are administered with certain groups 
of drugs, affecting not only the pharmacokinetics, but 
also the pharmacodynamics of drugs [5, 6]. This is con-
siderably due to the higher body weight of male patients, 
the large size of their internal organs and the prevailing 
indicators of blood plasma volume, which can signifi-
cantly affect the rate of pharmacokinetic processes.

When prescribing drugs, it is also necessary to take 
into account the lower rate of the evacuation function 
of the stomach and small intestine, as well as the rate 
of biochemical processes in female patients [7]. The 
hormonal characteristics of women lead to the accu-
mulation of their body fat mass, which is accompanied 
by a decrease in the water content. These factors play 
an important role in the distribution of lipophilic and 
hydrophilic drugs. So, lipophilic drugs are distributed in 
a woman’s body much better than hydrophilic ones. A 
decrease in the synthesis of acid α1-glycoprotein (a pro-
tein that forms a bound fraction of drugs with the drugs 
of a neutral and basic nature), observed in female pa-
tients, leads to a significant increase in the free fraction 
of drugs and the risk of developing ADRs [5, 8, 9].

Sexual characteristics of the metabolism and excre-
tion processes of drugs are primarily due to high rates 
of activity of the phase II enzymes of metabolism, a glo-
merular filtration rate and a renal blood flow in male 
patients. These factors predetermine high rates of the 
main pharmacokinetic parameters of drug excretion in 
this category of individuals. The studies have shown that 
women have a 10–25% lower glomerular filtration rate 

than men, even after adjusting for a body size. As a re-
sult, the clearance and elimination constants of drugs 
are significantly reduced, which makes this category of 
patients the most committed to the development of 
ADRs [10–13].

Thus, the widespread clinical practice of prescribing 
identical doses of drugs to women and men, does not 
take into account gender differences in patients’ phar-
macokinetics and body weight characteristics. This fac-
tor creates high risks of overdosing and the development 
of adverse reactions in female patients and increases the 
frequency of hospitalizations due to this [14, 15].

THE AIM of the article is a retrospective study of the 
gender characteristics of the adverse drug reactions de-
velopment based on the data of the notification forms 
about ADRs.

MATERIALS AND METHODS
The data on the development of adverse drug reac-

tions for the period from 1 January 2009 to 31 December 
of 2018, were obtained from a regional electronic da-
tabase formed on the FileMaker platform and support-
ing the entry, storage, search and analysis of the data 
according to user-defined queries. The access to the 
database is limited (username/password) and was pro-
vided by Matveev A.V. and Konyaeva E.I., the developers 
of the database, the employees of the Department of 
Basic and Clinical Pharmacology of the Medical Acade-
my named after S.I. Georgievsky of Vernadsky Crimean 
Federal University.

The database was formed on the basis of medical 
notification forms about the development of ADRs, con-
taining the following information: a patient’s gender and 
age, a suspected drug, a method of the drug adminis-
tration, a description of an adverse reaction, an allergy 
history, and methods for correcting the AR.

The classification of drugs for separate pharmaco-
logical groups was carried out using the codes of the 
Anatomical Therapeutic Chemical (ATC) classification 
system of the World Health Organization1 medicinal 
products. These instructions of the State Registers of 
Drugs of the Russian Federation2 and Ukraine3 (for the 
cases registered before the entry of the Republic of 
Crimea into the Russian Federation).

The event rate (share, % of the total number) was 
determined using the MS Excel 2016 software of the 
Microsoft Office package. Confidence intervals (95% CI) 
were calculated using the Klopper-Pearson method (a 
binominal distribution) or the Fitzpatrick-Scott method 
(a multinomial distribution) in the CoinMinD module of 
the R language. The calculation of the χ2 test and Fisher’s 

1 World Health Organization (WHO) Collaborating Centre for Drug 
Statistics Methodology. ATC/DDD Index 2021. Available from: https://
www.whocc.no/atc_ddd_index/.
2 State Register of Medicines of the Russian Federation. Available from: 
https://www.grls.rosminzdrav.ru.
3 State Register of Medicines of Ukraine. Available from: http://www.
drlz.com.ua/.
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exact test were performed using the Past 4.06b program 
(Oyvind Hammer, Norway).

The disadvantage of the study was the lack of infor-
mation on the number of prescription cases of certain 
groups of drugs, which prevented us from obtaining the 
data on the frequency of adverse drug reactions in the 
population.

RESULTS
In order to study the gender characteristics of the 

ADRs development during the use of various drugs 
groups, 6903 notification forms registered for the cor-
responding period, were selected from the regional da-
tabase of spontaneous reports. A general analysis of the 
number of ADRs development cases in patients of differ-
ent genders, made it possible to determine that in 59.9% 
cases (95% CI: 58.7–61%; 4132 notification forms), ADRs 
were observed in female patients, in 37.7% cases (95% 
CI: 36.5–38.9%; 2602 cases) – in male patients. In 169 
forms (95% CI: 1.3–3.6%; 2.4%), the information about 
the patients’ gender was missing.

A further analysis was aimed at studying the gender 
characteristics of the ADRs development in the applica-
tion of certain pharmacological drugs groups. In accor-
dance with the ATC-classification system, 14 groups of 
drugs corresponding to the codes: “A”, “B”, “C”, “D”, “G”, 
“H”, “J”, “L”, “M”, “ N”, “P”, “R”, “S”, “V”, are distinguished. 
The distribution of the ADRs development cases by gen-
der in separate drug groups is presented in Table 1.

The groups with the largest number of registered 
ADRs cases were antimicrobial agents for systemic use 
(2,864 cases, 41.5% of the total number of registered 
ADRs cases); the drugs affecting the cardiovascular (811 
cases, 11.7%) and nervous (734 cases, 10.6%) systems. 
In each of the presented groups, the incidence of ADRs 
in female patients exceeded that in men.

The analysis of differences in the indicators between 
the groups is presented in Table 2. A significant differ-
ence in the drugs of group G (the drugs that affect the 
genitourinary system and sex hormones) from all oth-
er groups, both in pairwise and overall comparisons, is 
noteworthy. In this group, the number of ADRs in wom-
en was 8.6 times higher than that in men.

The analysis of the classification groups represented 
above, considered in separate pharmacological groups 
and the gender characteristics of the ADRs development 
during their use, was of scientific interest. The incidence 
rate of ADRs in systemic antimicrobials was 41.5% (95% 
CI: 40.3–42.7%) of the total number of the reported 
ADRs cases, i.e. of the largest number among all the 
studied groups. That requires a more detailed study of 
the characteristics of the ADRs development in using an-
timicrobial drugs.

In accordance with the ATC classification, group “J” 
includes 6 main subgroups: antimicrobials; antifungal; 
antiviral agents; the drugs active against tuberculosis 
Mycobacteria; vaccines and sera. The incidence rate and 

distribution of ADRs cases into the above drugs groups 
by gender are presented in Table 3.

The results of the ADRs cases analysis made it possi-
ble to determine that the ADRs development was most 
often observed when a group of antimicrobial agents 
(1940 cases) and antiviral drugs (670 cases) for systemic 
use were administrated. The significance of differences 
between groups is presented in Table 4.

The distribution analysis of the ADRs cases between 
separate groups of drugs is of research interest. Thus, 
among antimicrobial agents for systemic use, the “lead-
ers” in the incidence of the ADRs cases were beta-lact-
am antibiotics of the cephalosporin group (937 cases), 
penicillins (358 cases), as well as quinolone derivatives 
(280 cases) and preparations of the macrolides and 
lincosamides group (122 case). The distribution of the 
presented groups by gender characteristics is shown i 
n Fig. 1.

Among antiviral drugs, the cases of the ADRs devel-
opment prevailed when combined antiretroviral drugs 
(266 cases), non-nucleoside reverse transcriptase inhib-
itors (NNRTIs) (194 cases) and nucleoside reverse tran-
scriptase inhibitors (NRTIs) (91 cases), were prescribed. 
Rarely, adverse reactions were observed when a group of 
protease inhibitors (69 cases), which is also used in the 
treatment of infection caused by the human immuno-
deficiency virus, was administrated. The gender charac-
teristics study of the ADRs development in the group of 
antiviral agents revealed that in all these groups, except 
NNRTIs, the adverse reactions predominated in female 
patients. In the NNRTIs group, the ratio of the ADRs de-
velopment cases in male and female patients was 47.9% 
and 41.7%, respectively. In 20 notification forms, there 
was no information about the patients’ gender.

The next group under study was the drugs that affect 
the cardiovascular system. Table 5 presents the analysis 
results of the ADRs reported cases by patients’ gender, 
and Table 6 shows the significance of differences in the 
subgroups. In terms of the ADRs incidence, the “lead-
ing” groups were the drugs that affect the renin-angio-
tensin-aldosterone (RAAS) system – 37.48% of cases; the 
drugs for the heart disease treatment – 17.51% of cases; 
for calcium channel blockers – 12.45%; for peripheral va-
sodilators – 10.97% of cases.

In almost each of these groups, the number of the 
ADRs cases registered in female patients prevailed over 
the number of the ADRs cases observed in men. Among 
the drugs that affect the RAAS system, the majority of 
the ADRs cases were due to the use of angiotensin-con-
verting enzyme (ATE) inhibitors – 199 cases. It is worth 
noting that the ratio of females and males with the 
reported ADRs cases was 67.3% in this group (134 re-
ports; 95% CI: 60.4–74.3%) and 32.7% (65 notification 
forms; 95% CI: 25.7–39.6%), respectively, which indi-
cates pronounced features of the ADRs development 
when this group of drugs is used in patients of different 
genders.

DOI: 10.19163/2307-9266-2022-10-2-174-186
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Table 1 – Distribution of ADRs development cases by gender characteristics in accordance 
with ATC-classification system of drugs

Group name of drugs in accordance 
with ATC classification system

Males, 
absolute 

number of 
cases

Females, 
absolute 

number of 
cases

Information 
about patients’ 

gender is 
missing

Total number 
of ADRs 

development 
cases

Percentage of ADRs 
development cases 

in using certain drug 
groups

A – Digestive tract and metabolism 171 435 16 622 9.01
B – Hematopoiesis and blood 157 280 11 448 6.49
C – Cardiovascular system 265 542 4 811 11.75
D – Dermatology 47 78 1 126 1.83
G – Genitourinary system and sex 
hormones 11 95 1 107 1.55

H – Hormones for systemic use 
(excluding sex hormones and insulins) 11 28 1 40 0.58

J – Antimicrobials for systemic use 1162 1582 120 2864 41.49
L – Anticancer drugs and 
immunomodulators 53 69 5 127 1.84

M – Musculoskeletal system 180 310 2 492 7.13
N – Nervous system 328 399 7 734 10.63
P – Antiparasitic drugs, insecticides and 
repellents 15 19 0 34 0.49

R – Respiratory system 112 181 1 294 4.26
S – Preparations for the treatment of 
sensory processing disorders 34 37 0 71 1,03

V – Other drugs 56 77 0 133 1.93
Total 2,602 4,132 169 6,903 100

Figure 1 – Distribution of ADRs development cases by gender characteristics in antimicrobial agents group  
for systemic use (group “J01”)

Note: ABDs – Antimicrobial drugs
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Table 3 – Distribution of cases of adverse reactions development by gender characteristics  
in group “J” (antimicrobials for systemic use)

АТC group

Male gender Female gender
Information about 
patients’ gender is 

missing

Total 
number of 
ADRs de-

velopment
cases

Percentage of total 
number of ADRs de-
velopment cases for 
drugs of group "J"

(95% CI)
Absolute 
number 
of cases

% (95% CI)
Absolute 
number 
of cases

% (95% CI)
Absolute 
number 
of cases

% (95% CI)

J01 – 
Antimicrobials 
for systemic use

800 41,24
(39,0–43,5) 1120 57,73

(55,5–60,0) 20 1,03
(0,0–3,3) 1940 67,74

(65,9–69,6)

J02 – Antifungal 
drugs for 
systemic use 

11 45,83
(25,8–65,8) 13 54,17

(34,2–74,2) 0 0,0
(0,0–20) 24 0,84

(0–2,7)

J04 – Drugs 
active against 
Mycobacteria 

85 57,43
(49,4–65,5) 62 41,89

(33,8–49,9) 1 0,68
(0–8,7) 148 5,17

(3,3–7,0)

J05 – Antiviral 
agents for 
systemic use

221 32,99
(29,2–36,8) 355 52,99

(49,2–56,8) 94 14,03
(10,2–17,8) 670 23,39

(21,6–25,2)

J06 – Immune 
sera and 
immunoglobulins 

15 46,88
(29,6–64,2) 17 53,12

(35,8–70,4) 0 0,0
(0,0–17,3) 32 1,12

(0,0–2,9)

J07 – Vaccines 30 60,0
(46,1–73,9) 15 30,0

(16,1–43,9) 5 10,0
(0,0–23,9) 50 1,75

(0,0–3,6)

TOTAL: 1162 40,57
(38,7–42,4) 1582 55,24

(53,4–57,1) 120 4,19
(2,4–6,0) 2864 100

Table 4 – Intergroup differences in ATC subgroups of group “J” by gender characteristics

J01 J02 J04 J05 J06 J07 All other 
groups

Χ2 and significance level of criterion

J01 – Antimicrobials for 
systemic use

Fi
sh

er
’s 

ex
ac

t t
es

t (
sig

ni
fic

an
ce

 le
ve

l)

0.421; 
p=0.81

14.777; 
p<0.001

203.31; 
p<0.001

0.688; 
p=0.709

41.899; 
p<0.001

150.65; 
p<0.001

J02 – Antifungal drugs for 
systemic use p=0.752 1.374; 

p=0.503
4.517; 

p=0.104
0.006; 

p=0.938
5.49; 

p=0.064
1.1842; 
p=0.553

J04 – Drugs active against 
Mycobacteria p<0.001 p=0.379 40.908; 

p<0.001
1.5; 

p=0.472
12.124; 
p=0.002

20.566; 
p<0.001

J05 – Antiviral agents for 
systemic use p<0.001 p=0.072 p<0.001 6.242; 

p=0.044
15.073; 
p<0.001

215.32; 
p<0.001

J06 – Immune sera and 
immunoglobulins p=0.705 p=1 p=0.446 p=0.023 6.486; 

p=0.039
1.699; 

p=0.428

J07 – Vaccines p<0.001 p=0.08 p=0.004 p<0.001 p=0.04 14.702; 
p<0.001

All other groups p<0.001 p=0.818 p<0.001 p<0.001 p=0.568 p<0.001
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Table 5 – Distribution of ADRs development cases by gender characteristics in group “C” (cardiovascular system)

АТC group

Male gender Female gender
Information about 
patients’ gender is 

missing
Total num-
ber of ADRs 

develop-
ment
cases

Percentage of 
total number of 
ADRs develop-
ment cases for 
drugs used in 

separate groups 
(95% CI)

Absolute 
number 
of cases

% (95% CI)
Absolute 
number 
of cases 

% (95% CI)
Absolute 
number 
of cases 

% (95% CI)

C01 – Drugs for 
heart diseases 
treatment 

67 47.18
(39.0–55.4) 71 50.00

(41.8–58.2) 4 2.82
(0.0–11.0) 142 17.51

(14.1–21.0)

C02 – 
Antihypertensive 
drugs

0 0.00
(0.0–97.9) 1 100.00

(2.0–197.9) 0 0.00
(0.0–97.9) 1 0.12

(0.0–3.6)

C03 – Diuretics 4 25.00
(0.5–49.5) 12 75.00

(50.5–99.5) 0 0.00
(0.0–24.5) 16 1.97

(0.0–5.4)
C04 – Peripheral 
vasodilators 29 32.58

(22.2–43.0) 60 67.42
(57.0–77.8) 0 0.00

(0.0–10.4) 89 10.97
(7.5–14.4)

С05 – 
Angioprotectors 25 36.76

(24.9–48.6) 43 63.24
(51.4–75.1) 0 0.00

(0.0–11.9) 68 8.38
(4.9–11.8)

C07 – Beta–
blockers 17 31.48

(18.1–44.8) 37 68.52
(55.2–81.9) 0 0.00

(0.0–13.3) 54 6.66
(3.2–10.1)

C08 – Calcium 
channel blockers 22 21.78

(12.0–31.5) 79 78.22
(68.5–88.0) 0 0.00

(0.0–9.8) 101 12.45
(9.0–15.9)

C09 – Drugs 
affecting the 
RAAS system

91 29.93
(24.3–35.6) 213 70.07

(64.4–75.7) 0 0.00
(0.0–5.6) 304 37.48

(34.0–40.9)

С10 – 
Antilipedimics 10 27.78

(11.4–44.1) 26 72.22
(55.9–88.6) 0 0.00

(0.0–16.3) 36 4.44
(1.0–7.9)

TOTAL: 265 32.68
(29.2–36.1) 542 66.83

(63.4–70.3) 4 0.49
(0.0–3.9) 811 100

Note: CI – confidence interval; RAAS – renin-angiotensin-aldosterone system.

Table 6 – Intergroup differences in subgroups of group “C” (cardiovascular system) by gender characteristics

С01 С02 С03 С04 С05 С07 С08 С09 С10 All other 
groups

Χ2 and significance level of criterion

C01 – Drugs for 
heart diseases treat-
ment

Fi
sh

er
’s 

ex
ac

t t
es

t (
sig

ni
fic

an
ce

 le
ve

l)

0.993; 
p=0.609

3.736; 
p=0.154

8.239; 
p=0.016

4.538; 
p=0.103

6.206; 
p=0.045

20.855; 
P<0.001

22.812; 
P<0.001

6.1166; 
p=0.047

37.229; 
p<0.001

C02 – Antihyperten-
sive drugs p=1 0.327; 

p=0.567
0.481; 

p=0.488
0.577; 

p=0.448
0.456; 
p=0.5

0.278; 
p=0.598

0.427; 
p=0.514

0.381; 
p=0.537

0.497; 
p=0.78

C03 – Diuretics p=0.175 p=1 0.362; 
p=0.547

0.793; 
p=0.373

0.247; 
p=0.619

0.083; 
p=0.774

0.177; 
p=0.674

0.043; 
p=0.835

0.538; 
p=0.764

C04 – Peripheral 
vasodilators p=0.013 p=1 p=0.771 0.299; 

p=0.585
0.019; 

p=0.891
2.811; 

p=0.094
0.228; 

p=0.633
0.276; 

p=0.599
0.498; 

p=0.779

С05 – Angioprotec-
tors p=0.106 p=1 p=0.56 p=0.614 0.372; 

p=0.542
4.544; 

p=0.033
1.21; 

p=0.272
0.851; 

p=0.356
0.889; 

p=0.641

C07 – Beta-blockers p=0.044 p=1 p=0.761 p=1 p=0.57 1.758; 
p=0.185

0.052; 
p=0.819

0.141; 
p=0.707

0.335; 
p=0.846

C08 – Calcium chan-
nel blockers P<0.001 p=1 p=0.752 p=0.103 p=0.037 p=0.244 2.5; 

p=0.114
0.532; 

p=0.465
6.997; 
p=0.03

C09 – Drugs affect-
ing the RAAS system P<0.001 p=1 p=0.785 p=0.695 p=0.311 p=0.872 p=0.125 0.072; 

p=0.789
4.278; 

p=0.118

С10 – Antilipedimics p=0.063 p=1 p=1 p=0.674 p=0.391 p=0.816 p=0.495 p=0.85 0.626; 
p=0.731

All other groups P<0.001 p=1 p=0.63 p=1 p=0.648 p=0.91 p=0.027 p=0.12 p=0.657

Note: RAAS – renin-angiotensin-aldosterone system.
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Table 7 – Distribution of cases of adverse reactions development by gender characteristics in group “N”  
(nervous system)

АТC group

Male gender Female gender
Information about 
patients’ gender is 

missing
Total num-
ber of ADRs 

develop-
ment
cases 

Percentage of 
total number 

of ADRs
cases for drugs 
used in group 
"N" (95% CI)

Absolute 
number 
of cases

% (95% CI)
Absolute 
number 
of cases

% (95% CI)
Absolute 
number 
of cases

% (95% CI)

N01 – Anes-
thetics 57 40.71

(32.4–49.0) 80 57.14
(48.9–65.4) 3 2.14

(0.0–10.4) 140 19.07
(15.5–22.7)

N02 – Analge-
sics 99 51.30

(44.2–58.3) 94 48.70
(41.7–55.8) 0 0.00

(0.0–7.1) 193 26.29
(22.7–29.9)

N03 – Antiepi-
leptic drugs 14 31.82

(17.0–46.6) 29 65.91
(51.1–80.7) 1 2.27

(0.0–17.0) 44 5.99
(2.4–9.6)

N04 – Anti-
parkinsonian 
drugs

2 50.00
(1.0–98.9) 2 50.00

(1.0–98.9) 0 0.00
(0.0–49.0) 4 0.54

(3.1–4.2)

N05 – Psycho-
leptics 71 44.65

(36.9–52.4) 88 55.35
(47.6–63.1) 0 0.00

(0.0–7.8) 159 21.66
(18–25.3)

N06 – Psycho- 
analeptics 53 44.92

(35.9–53.9) 64 54.24
(45.2–63.3) 1 0.85

(0.0–9.9) 118 16.08
(12.5–19.7)

N07 – Other 
drugs for 
treatment of 
nervous system 
diseases

32 42.11
(30.9–53.3) 42 55.26

(44.0–66.5) 2 2.63
(0.0–13.9) 76 10.35

(6.7–14.0)

TOTAL: 328 44.69
(41.1–48.3) 399 54.36

(50.7–58.0) 7 0.95
(0.0–4.6) 734 100

Note: CI – confidence interval.

Table 8 – Intergroup differences in separate subgroups of group “N” by gender characteristics

N01 N02 N03 N04 N05 N06 N07 All other 
groups

Χ2 and significance level of criterion

N01 – Anesthetics

Fi
sh

er
’s 

ex
ac

t t
es

t (
sig

ni
fic

an
ce

 le
ve

l)

7.18; 
p=0.028

1.123; 
p=0.57

0.202; 
p=0.904

3.72; 
p=0.156

1.055; 
p=0.59

0.105; 
p=0.949

3.422; 
p=0.181

N02 – Analgesics 0.02 9.281; 
p=0.01

0.003; 
p=0.959

1.54; 
p=0.215

2.69; 
p=0.261

6.489; 
p=0.039

6.6; 
p=0.037

N03 – Antiepileptic 
drugs 0.559 0.009 0.598; 

p=0.741
5.637; 
p=0.06

2.617; 
p=0.27

1.317; 
p=0.518

3.737; 
p=0.154

N04 – Antiparkinso-
nian drugs 1 1 0.63 0.045; 

p=0.832
0.069; 

p=0.967
0.18; 

p=0.914
0.078; 

p=0.962

N05 – Psycholeptics 0.183 0.239 0.066 1 1.364; 
p=0.506

4.26; 
p=0.119

1.972; 
p=0.373

N06 – Psychoana-
leptics 0.653 0.233 0.212 1 0.651 1.044; 

p=0.593
1.57; 

p=0.456

N07 – Other drugs 
for treatment of 
nervous system 
diseases 

0.96 0.045 0.545 1 0.174 0.691 2.642; 
p=0.267

All other groups 0.148 0.042 0.121 1 0.521 0.681 0.239
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A comparative analysis of differences in the ADRs 
incidence rate in the administration of combined drugs 
containing the ATE inhibitors and thiazide diuretics, 
made it possible to determine that the ratio of the ADRs 
cases in female and male patients was 75% (95% CI: 
62.3–87.7%) (45 cases) and 25% (95% CI: 12.3–37.7%) 
(15 cases), respectively. Among the drugs for the treat-
ment of heart diseases, the ADRs development cases in 
the group of organic nitrates prevailed (43 cases). In this 
pharmacological group, the ADRs cases were more of-
ten observed in male patients (32 cases) than in females 
(11 cases), i.e. in 74.4% (95% CI: 59.5–89.4%) and 25.6% 
(95% CI: 10.6–40.1%), respectively.

The study of the ADRs caused by the administration 
of a group of calcium channel-blocking agents (CCBAs), 
revealed the absolute predominance of the ADRs de- 
velopment cases to dihydropyridine derivatives (100 
cases, 99% of the total number of the ADRs to calcium 
channel-blocking agents, most of which were observed 
in female patients (78 cases).

In accordance with gender, the ratio of the ADRs de-
velopment cases in the administration of group “C07” 
drugs (beta-blockers), was 68.5% (37 cases; 95% CI: 
62.9–91.2%) and 31.5% (11 cases; 95% CI: 8.8–37.1%) 
for female and male patients, respectively.

The distribution of notification forms about ADRs 
(by gender) of the main pharmacological drugs groups 
that affect the CVS is shown in Fig. 2.

In terms of the incidence rate of ADRs among the 
notification forms registered in the ARCADe database, 
the third place was occupied by the drugs that affect the 
nervous system functions. A greater number of ADRs 
in this case was due to the drugs administration of the 
“N02” group – analgesics (193 cases). It is noteworthy 
that for the entire group of analgesics, the predominant 

number of ADRs cases was recorded in men (99 vs 94 
cases in women), which distinguishes this group from 
the rest analyzed.

In 159 cases, the ADRs were associated with the use 
of the “N05” group – psycholeptics, among which the 
ADRs development cases in female patients predomi-
nated (88 cases). The administration of local anesthetics 
(group N01) was associated with adverse reactions, 80 
of which out of 140 cases, were observed in female pa-
tients. The distribution of all undesirable consequences 
caused by the use of agents that affect the nervous sys-
tem functions, by gender characteristics, is presented in 
Table 7.

Among analgesics, the largest number of ADRs was 
caused by non-narcotic analgesics of the anilide group 
(93 cases). The distribution of ADRs cases by gender 
characteristics in the presented group was as follows: in 
51 cases, ADRs were observed in male patients, and in 
42 cases - in female patients, which amounted to 54.8% 
(95% CI: 44.7–65, 0%) and 45.2% (95% CI: 35.0–55.3%) 
of cases, respectively (Table 8).

In the N05 (psycholeptics) group, the majority of 
ADRs were associated with the use of antipsychotics 
(126 cases, 79.2% (95% CI: 71.5–87.0%) of the entire 
N05 group). Butyrophenone derivatives (28 cases) and 
phenothiazine derivatives with a piperazine structure 
(23 cases) were the leaders in the incidence rate of ADRs 
in the group under study. It is important to notify that 
in the administration of these groups, ADRs were more 
often observed in the male patients, which was also ty- 
pical for the entire group of antipsychotic drugs (men – 
52.3%, women – 47.7%). For all other groups of drugs 
that affect the nervous system functions, gender-specific 
differences were due to the predominance of the ADRs 
developing risk when they were used in female patients.
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Figure 2 – Distribution of adverse reactions development cases by gender characteristics in the group  
of drugs that affect cardiovascular system (group “J01”)

Note: ADRs – adverse drug reactions; ATE – angiotensine transforming enzyme; CCBAs – calcium channel-blocking agents.
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DISCUSSION
The results of the present study indicate a higher 

incidence rate of ADRs in female patients in all groups 
of drugs, distributed in accordance with the ATC classi-
fication system. Taking into account the peculiarities of 
the pharmacokinetics and pharmacodynamics of drugs 
in female patients, the data obtained confirm a higher 
risk of developing the ADRs in this category of individu-
als [16, 17].

The study of the group of drugs that affect the car-
diovascular system functions, revealed a high incidence 
rate of adverse reactions to the drugs of the ACE inhibi-
tors group in the form of monodrugs and combinations 
with thiazide diuretics. The data obtained in the study, 
are comparable with the data presented by Rydberg 
D.M. et al. [17], in which the ratio of female and male 
patients with registered ADRs cases to the drugs of the 
ACE inhibitor group, was 51.6% and 48.4%, respective-
ly, and for the drugs combined with thiazide diuretics 
– 56.4% and 43.6%, respectively [17]. The data of the 
literature review studying the features of the ADRs de-
velopment in patients of different genders administrat-
ed with drugs from the ACE inhibitor group, made it pos-
sible to identify possible causes of a high incidence rate 
of ADRs in women. Among them, a more pronounced 
effect of genetic polymorphisms of bradykinin receptors 
and ABO genes associated with the level of ATE and the 
risk of developing cough against the background of the 
ATE inhibitors use, as well as the effect of changing sex 
hormones levels during the menstrual cycle on the RAAS 
system [18]. In experimental models, androgens stimu-
late the RAAS system, while estrogens and progesterone 
decrease the plasma renin activity, the ATE activity, and 
aldosterone levels [19]. There is also evidence of a high-
er risk of dry cough developing in female patients when 
using ATE inhibitors, which may be due to the genetic 
polymorphism of bradykinin receptors and ABO genes 
associated with plasma ATE levels [20].

The study of gender characteristics of the ADRs de-
velopment in the administration of 

the calcium channel-blocking agents (CCBAs) group 
(dihydropyridine derivatives), conducted by Rydberg 
D.M. et al. [17], confirmed the results gained on the pre-
dominance of the ADRs development cases in female 
patients (59% of cases). These data are comparable with 
the results of studying the safety of amlodipine in clini-

cal practice, which revealed a high risk of developing pe-
ripheral edema and a significant effect of this group on 
the level of blood pressure in females during the use of 
amlodipine [21].

Similar results on the predominance of the incidence 
rate of adverse reactions in female patients during the 
administration of the drugs that affect the cardiovascu-
lar system were obtained in the study conducted by the 
National Pharmacovigilance Center of the Netherlands 
and the study by Yu Y. et al. [22]. In these studies, the ra-
tio of the ADRs frequency o in female and male patients 
using antihypertensive drugs was 53.1% and 46.9%, re-
spectively.

Clinical studies have also revealed higher risks of de-
veloping ADRs in female patients when using the drugs 
that affect the central nervous system function (selective 
serotonin reuptake inhibitors, antidepressants) [23, 24].

The data gained by De Vries et al., which indicate a 
higher frequency of the ADRs development with the use 
of tetracycline, penicillin, beta-lactam antibiotics, except 
for penicillins, macrolides in females [25].

The results of this study concerning the gender cha- 
racteristics of the ADRs development in the administra-
tion of antimicrobials, were comparable with De Vries et 
al.’s data, which indicate a higher incidence rate of the 
ADRs development when using tetracycline, beta-lact-
am antibiotics groups, except penicillins, macrolides in 
females [25]. 

CONCLUSION
The study of the gender characteristics of the phar-

macotherapy safety, carried out on the basis of the data 
of the ADRs notification forms registered in the Republic 
of Crimea, confirmed a higher likelihood of developing 
undesirable consequences of the drugs in female pa-
tients. This may be due to the peculiarities of the phar-
macokinetics and pharmacodynamics of drugs in the fe-
male body, psychological factors, a more frequent use of 
drugs by this category of people. However, despite the 
obvious physical and physiological gender differences, 
the efficacy and safety features of drugs are very rarely 
taken into account when conducting pharmacotherapy 
in females. The implementation of the drug choice, tak-
ing into account the specific gender characteristics, can 
lead not only to better treatment outcomes, but also to 
the increased patient compliance.
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The aim of the article is the evaluation of the economic damage (ED) because of the absence of pneumococcal vaccination 
as a leading risk factor for the development of community-acquired pneumonia (CAP) and acute exacerbations of а chronic 
obstructive pulmonary disease (COPD).
Materials and methods. The method of attributive statistics was used for the first time to assess the ED of the vaccination 
absence as an independent risk factor contributing to the development of CAP and COPD exacerbations in the Astrakhan 
region for the period of 2015–2019. To do this, at the beginning of the study based on the literature data, a relative risk of 
COPD complications associated with the absence of pneumococcal vaccination was determined. Using it as a risk factor, 
prevalence rates (a proportion of non-vaccinated patients with COPD), the population attributable risk (PAR) was calculated. 
Further, the annual economic damage (ED) from the development of CAP and COPD exacerbations was determined. To assess 
the cost-effectiveness of the COPD complications prevention, vaccination costs of newly registered patients were calculated 
and the ratio of these costs to the average annual ED was determined.
Results. A decrease in the non-vaccinated patients’ proportion corresponds to the decrease in the total ED from COPD com-
plications: from 13.16 million rubles to 6.06 million rubles during the observation period. The calculations showed that due 
to the increase in the vaccinated patients’ proportion over a five-year observation period, the ED from the CAP development 
decreased by 2.1 times, from exacerbations of COPD – by 2.3 times. The vaccination costs of newly diagnosed COPD cases 
amounted to 0.63 million rubles. Thus, to prevent the annual ED of 3.24 million rubles, the sum for the state to spend, should 
be 5.2 times as small.
Conclusion. A study on the evaluation of the ED due to the risk factor (RF), the pneumococcal vaccination absence, showed 
that its elimination reduces the risk of acute COPD exacerbations and the development of CAP, as well the ED, as associated 
with them. Reducing the economic costs of the health care system with significantly lower vaccination costs, makes this 
preventive measure economically viable.
Keywords: chronic obstructive pulmonary disease; community-acquired pneumonia; relative risk; population attributable 
risk; economic damage; pneumococcal vaccination
Abbreviations: COPD – chronic obstructive pulmonary disease; CAP – community-acquired pneumonia; PI – pneumococcal 
infection; PV – pneumococcal vaccination; RF – risk factor; RR – relative risk; PAR population attributable risk; PPRF – pro-
portion of individuals in population exposed to RF; ED – economic damage; DCs – direct costs; AR – Astrakhan region; RCTs 
– randomized clinical trials; CMI – compulsory medical insurance.
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Цель. Оценка экономического ущерба (ЭУ) от отсутствия пневмококковой вакцинации, как ведущего фактора риска 
развития внебольничной пневмонии (ВП) и обострений хронической обструктивной болезни легких (ХОБЛ).
Материалы и методы. Методом атрибутивной статистики впервые проведена оценка ЭУ отсутствия вакцинации в 
качестве самостоятельного фактора риска, способствующего развитию ВП и обострений ХОБЛ в Астраханской области 
за период 2015–2019 гг. Для этого в начале исследования на основе данных литературных источников был определен 
относительный риск осложнений ХОБЛ, ассоциированных с отсутствием пневмококковой вакцинации. С помощью 
него и показателей распространенности фактора риска (доли не вакцинированных пациентов с ХОБЛ) рассчитан по-
пуляционный атрибутивный риск. Далее определялся ежегодный ЭУ от развития ВП и обострений ХОБЛ. Для оценки 
рентабельности профилактики осложнений ХОБЛ рассчитаны затраты на вакцинацию вновь зарегистрированных па-
циентов и определено соотношение этих затрат к среднему ежегодному ЭУ.
Результаты. Снижение доли не вакцинированных пациентов соответствует снижению суммарного ЭУ от осложнений 
ХОБЛ: с 13,16 млн. рублей до 6,06 млн. рублей за период наблюдения. Расчеты показали, что в связи с увеличени-
ем доли вакцинированных пациентов за пятилетний период наблюдения ЭУ, от развития ВП снизился в 2,1 раза, от 
обострений ХОБЛ в 2,3 раза. Затраты на вакцинацию вновь выявленных случаев ХОБЛ составили 0,63 млн. рублей. 
Таким образом, для предотвращения ежегодного ЭУ в 3,24 млн рублей государство должно затратить сумму в 5,2 раза 
меньше.
Заключение. Исследование оценки ЭУ, обусловленного фактором риска – отсутствием пневмококковой вакцинации, 
показало, что его устранение снижает риск обострений ХОБЛ и развития ВП, а также связанного с ними ЭУ. Сокраще-
ние экономических затрат системы здравоохранения при существенно меньших затратах на проведение вакцинации 
обеспечивает экономическую целесообразность этой профилактической меры.
Ключевые слова: хроническая обструктивная болезнь легких; внебольничная пневмония; относительный риск; попу-
ляционный атрибутивный риск; экономический ущерб; пневмококковая вакцинация
Список сокращений: ХОБЛ – хроническая обструктивная болезнь легких; ВП – внебольничная пневмония; ПИ – пнев-
мококковая инфекция; ПВ – пневмококковая вакцинация; ФР – фактор риска; ОР – относительный риск; ПАР – популя-
ционный атрибутивный риск; П – доля лиц в популяции, которые подвергаются воздействию ФР; ЭУ – экономический 
ущерб; ПЗ – прямые затраты; АО – Астраханская область; РКИ – рандомизированные клинические исследования; ОМС 
– обязательное медицинское страхование.

INTRODUCTION
The diseases that form the mortality structure 

comprise cardiovascular diseases, type 2 diabetes mel-
litus, malignant neoplasms, and COPD [1]. According 
to the WHO, COPD is the third leading cause of death 
worldwide1. Among the diseases spread throughout the 
world, COPD occupies a leading position in terms of mor-
bidity and mortality, and are accompanied by a growing 

1 World Health Organization (WHO). The top 10 causes of death. 
Available from: https://www.who.int/ru/news-room/fact-sheets/
detail/the-top-10-causes-of-death.

socio-economic burden on the healthcare system2 [2]. 
Acute exacerbations are an integral part of this disease 
and cause a rapid progression of the disease against the 
background of a decrease in the quality of life, which 
leads to significant economic costs3 [3–6]. Patients with 

2 Global Strategy for the Diagnosis, Management and Prevention of 
Chronic Obstructive Pulmonary Disease. 2020, Report. Available from: 
https://goldcopd.org/wp-content/uploads/2019/12/GOLD-2020-
FINAL-ver1.2-03Dec19_WMV.pdf.
3 Russian Respiratory Society. Federal clinical guidelines. Chronic 
obstructive pulmonary disease. Available from: – Режим доступа: 
http://spulmo.ru/obrazovatelnye-resursy/federalnye-klinicheskie-
rekomendatsii/.
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a severe COPD are at high risk for community-acquired 
pneumonia (CAP) [7]. The critical role of COPD in in-
creasing rates of pneumococcal pneumonia has been 
supported by various independent studies. For example, 
in Europe, the incidence of this pneumonia was 20 times 
higher in the people with COPD [8, 9].

The official statistics4 shows that 3.37 million cas-
es of pneumonia are registered every year, one third 
of them requires hospitalization [10]. Acute exacerba-
tions of COPD and the development of CAP are the main 
reasons for the patients to seek medical care. Strepto-
coccus pneumoniae often acts as an etiological factor 
in the acute COPD exacerbation. Each subsequent exa- 
cerbation is especially severe, accompanied by hospita- 
lization of the patient, associated with a severe progno-
sis in terms of survival, so the prevention of infectious 
COPD exacerbations seems critically important [11, 12]. 
Approximately 80% of the most severe cases of pneu-
mococcal infection (PI) are due to 20 pneumococcal se-
rotypes, most of which are included in modern vaccines 
for the prevention of PI5 [13, 14]. In the course of vari-
ous studies, it has been confirmed that pneumococcal 
vaccination (PV) of COPD patients, reduces the number 
of their hospitalizations associated with respiratory viral 
infections. The results of the studies showed that after 
vaccination with a pneumococcal conjugated 13-valent 
vaccine (PCV-13), the ability to eliminate pneumococcus 
from sputum was 65.6%, and after a year it decreased to 
6.3% [13, 15, 16].

Thus, vaccination against Streptococcus pneumo-
niae is one of the most effective measures to prevent 
pneumonia and reduce the frequency of COPD exacer-
bations [17]. In the future, vaccination of COPD patients 
can significantly reduce the budget economic costs for 
inpatient and outpatient medical care, sick leave pay-
ments [18, 19].

The prevention of exacerbations and CAP in COPD 
patients is an important strategy in this pathology man-
agement. To do this, it is necessary to determine the risk 
factors (RFs) that can be influenced to reduce the devel-
opment and frequency of exacerbations. Currently, the 
main risk factors contributing to the development of se-
vere COPD exacerbations, are traditionally identified as 
smoking, occupational hazards, the air pollution, an ex-
cessive alcohol consumption, respiratory infections, as 
well as their combinations [20, 21]. An important trend is 
the evaluation of the economic damage caused by the im-
pact of various risk factors. Thus, McKensey & Company 
experts showed that in the world, the economic damage 
from smoking and obesity is comparable to the damage 
from all wars, terrorism and armed conflicts [22].

4 European Respiratory Society. European Lung White Book. Lausanne, 
Switzerland: ERS / European Respiratory Society. Available from: 
https://www.erswhitebook.org/files/public/Chapters/13_COPD.pdf 
5 Zverev V.V., Kostinov M.P., Magarshak O.O., et al. Rukovodstvo po 
klinicheskoj immunologii v respiratornoj medicine [Guidelines for 
Clinical Immunology in Respiratory Medicine]. Suppl. 2nd ed. Moscow: 
MDB, 2018. – 304 p. Russian

The analysis of ED of various COPD RFs is widely 
reported in the world [1, 18, 23, 24]. A detailed moni-
toring of foreign and domestic studies of this problem 
showed that the absence of vaccination as an indepen-
dent risk factor contributing to the development of CAP 
and COPD exacerbations, had had not been previously 
considered.

THE AIM of the article is the evaluation of the eco-
nomic damage (ED) from the risk factors (RFs) represent-
ed by the absence of pneumococcal vaccination in COPD 
patients.

MATERIALS AND METHODS
Calculation of population attributable risk (PAR)
According to the literature database, at the first 

stage of the study, the relative risk (RR) of developing 
COPD exacerbations and the incidence of CAP associated 
with the absence of PV as a risk factor was determined. 
To do this, the available databases (Cochrane Library, 
PubMed, Russian scientific electronic library eLIBRARY) 
were searched for the studies on the PV effectiveness in 
preventing the development of exacerbations and CAP 
in COPD patients for the period from 2016 to 2021. The 
search queries were performed in Russian and English 
and included “pneumococcal vaccination in COPD pa-
tients”, “effectiveness of pneumococcal vaccination in 
patients with COPD”.

Initially, 100 literature sources were identified. 
Then they were selected according to the type and 
content of publications (Fig. 1). The identical publica-
tions found in different databases, the works that are 
not original studies, were excluded. The publications 
that did not evaluate the effectiveness of vaccination 
in COPD patients or were devoted to the study of the 
effectiveness of pneumococcal polysaccharide 23-va-
lent vaccine (PPV-23) alone, were not subjected to the 
review, either. In addition, the studies evaluating the 
effects of vaccination in COPD patients with comorbid 
pathology were excluded.

As a result, 10 studies were selected [16, 17, 25–
32], from which in 2017, the Cochrane systematic re-
view by Walters J.A. et al. [25] was сhosen out as the 
gold standard for high-quality, reliable information in 
evidence-based medicine and healthcare. This review 
included the results of 12 randomized controlled trials 
(RCTs) and 2,171 COPD patients. The average age of 
the participants was 66 years, 67% of them were men. 
All participants had a COPD diagnosis from moderate 
to heavy severity level. Compared to the controls, the 
vaccinated group had a lower likelihood of developing 
CAP (the relative risk (RR) 0.62, 95% confidence inter-
val (CI) from 0.43 to 0.89; six studies, n = 1372; the 
level of evidence – medium). The number of patients 
requiring treatment to obtain an additional favorable 
outcome (NNTB) (avoiding one episode of CAP) was 
19 (95% CI from 13 to 52). Vaccination significantly 

DOI: 10.19163/2307-9266-2022-10-2-187-197
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reduced the chance of a COPD exacerbation (OR 0.60, 
95% CI from 0.39 to 0.93; four studies, n = 446; the 
level of evidence: moderate). The NNTB for prevent-
ing an acute exacerbation in the patient was 8 (95% 
CI 5 to 58).

Further, in accordance with the data obtained, RR 
was calculated separately for the development of acute 
exacerbations and CAPs in non-vaccinated (1) and vacci-
nated (2) patients according to the formula:
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where: RR is a relative risk; a is the number of exac-
erbations (CAPs) in non-vaccinated patients; b denotes 
the absence of exacerbations (CAPs) in non-vaccinated 
patients; c is the number of exacerbations (CAPs) in vac-
cinated patients; d denotes the absence of exacerba-
tions (CAPs) in vaccinated patients.

By calculating the RR, it is possible to show the as-
sociation strength between the influencing risk factor 
and the outcome, e. i., how many times the probability 
of exacerbations and the development of CAPs caused 
by the lack of vaccination in COPD patients, increases. If 
the development of exacerbations of COPD and CAPs is 
higher in the non-vaccinated group, then the RR will be 
higher than 1, if lower, then the RR will be lower than 
1; if the probability in the two groups is the same, then 
their ratio will be equal to 16.

The PAR population attributable risk (PAR) was cal-
culated based on the FR and RR prevalence rates.

This indicator reflects the additional incidence in 
the population associated with risk factors. In addi-
tion, with the help of PAR, it is possible to determine 
the proportion of morbidity in the population asso-
ciaetd with this risk factor, i.e., the additional pro-
portion of a population risk. The PAR depends on the 
degree the risk factors are widespread in the given 
population:

( 1)
,

( 1) 1
nv

nv

P RR
PAR

P RR
−

=
− +

where: Pnv is the proportion of non-vaccinated indi-
viduals in the population (exposed to risk factors); RR is 
the relative risk of developing a disease under the influ-
ence of the FR under consideration [33, 34].

To determine the proportion of the people exposed 

6 Zhukova OV. Application of attributive statistics methods in 
pharmaceutical and biomedical research (contingency tables). 
Privolzhsky Research Medical University. – Kazan: Buk Limited Liability 
Company, 2020. – 76 p. Russian

to the FR is the lack of vaccination (UV), the number of 
the non-vaccinated patients was calculated relative to 
the total number of the people suffering from the COPD 
registered in the Astrakhan region (AR), for the period 
from 2015 to 2019:

1 ,nv
NP
N

=

where: N1 is the number of non-vaccinated pa-
tients with COPD; H is the total number of patients with 
COPD.

The total number of COPD patients was taken 
from the state statistical observation form No.12 “In-
formation on the number of diseases registered in pa-
tients living in the medical organization service area” 
in the Astrakhan region (AR) for the period from 2015 
to 2019. The number of vaccinated patients was de-
termined by adding the number of pneumococcal vac-
cinations (PVs) for each year with the indicator of the 
previous year, based on the data provided upon the 
request by medical institutions of the city and region. 
The number of non-vaccinated patients per year was 
determined by diminution the sum of those vaccinat-
ed from the total number of the COPD patients during 
the same period.

Calculation of government economic damage 
in disease management of patients with 
exacerbations of COPD and CAPs, due to RF
At the second stage of the study, the government eco-

nomic damage was calculated in the management of pa-
tients with exacerbations of COPD and CAPs, due to RFs. 
The calculation was carried out according to the formula:

EDRF = PARRF × DCs,
where: EDRF is the economic damage from the risk 

factor; PARRF denotes the population attributable risk for 
each analyzed disease associated with FR; DCs are direct 
costs of treating COPD.

Direct costs were calculated in the earlier study 
“Evaluating Socioeconomic Burden of COPD over a Five-
Year Period – Regional Aspect” [35].

Subsequently, the ED of COPD and CAPs exacerba-
tions were summed up.

Then, to determine PARRF for new non-vaccinated 
COPD patients for the period of 2015-2019, the average 
number of newly diagnosed patients were calculated.

Using the data obtained, the ED for CAPs was calcu-
lated for the first detected cases of the COPD exposed 
to RF. The calculation was carried out according to the 
formula:

EDrf = PARrf × DCsav,
where: EDrf is an economic damage from the risk 

factor; PARrf is the population attributable risk for each 
analyzed disease associated with RF; DCsav. denotes the 
average direct costs of COPD treatment from 2015 to 
2019.
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Table 1 – Contingency table for RR calculating of COPD exacerbations development

Risk factor One exacerbation episode within a period  
of 6 months to 1 year Absence of exacerbations

Absence of vaccination 608(a) 392(b)

Vaccination 482(c) 518(d)

Note: a – the number of CAPs in non-vaccinated patients, b – the absence of CAPs in non-vaccinated patients, c – the number of CAPs in vaccinated 
patients; d – the absence of CAPs in vaccinated patients.

Table 2 – Contingency table for RR calculating of CAP development 

Risk factor One CAP episode within a period of 6 to 36 months Absence of CAP

Absence of vaccination 148(a) 852(b)

Vaccination 93(c) 907(d)

Note: a – the number of CAPs in non-vaccinated patients, b – the absence of CAPs in non-vaccinated patients, c – the number of CAPs in vaccinated 
patients; d – the absence of CAPs in vaccinated patients.

Table 3 – Information necessary for PAR CAPs calculation, COPD exacerbations and their results

Indicators 
Period

2015 2016 2017 2018 2019 On average

Number of COPD persons 2 869 2788 2721 2913 3.180 2.894

COPD incidence (CAP first detected cases) 445 226 266 310 496 369

Annually vaccinated 333 138 559 617 940 –

Total number of vaccinated 333 471 1030 1.647 2.587 –

Non-vaccinated 2 536 2317 1691 1.266 593 369

Proportion of non-vaccinated (Pnv) 0.88 0.83 0.62 0.43 0.19 0.13

PAR CAP 0.34 0.33 0.27 0.20 0.10 0.07

PAR exacerbations of COPD 0.19 0.18 0.14 0.10 0.05 0.03

Table 4 – Economic damage to regional healthcare system due to RF – absence of vaccination

Indicators
Period

2015 2016 2017 2018 2019

Direct COPD costs, mln rubles 24.83 28.14 29.6 32.94 40.39

ED due to CAPs, mln rubles 8.44 9.29 7.99 6.59 4.04

ED exacerbations of COPD, mln rubles 4.72 5.07 4.14 3.29 2.02

ED due to CAP + COPD exacerbations, mln rubles 13.16 14.35 12.14 9.88 6.06

Table 5 – Sensitivity analysis of the obtained results

Changes in initial 
parameters

Indicators

25% 20 % 15 % 10 % 5 % Basic 
variant 5 % 10 % 15% 20 % 25 %

Change in vaccine price, 
rubles 1275 1360 1445 1530 1615 1700 1.785 1.870 1,955 2040 2125

Change in the number 
of people 277 295 314 332 351 369 387 406 424 443 461

Change in vaccination 
costs, mln rubles 0.47 0.50 0.53 0.56 0.60 0.63 0.66 0.69 0.70 0.75 0.78

Change in economic 
damage, mln rubles 2,43 2.59 2,75 2.92 3,08 3.24 3.40 3.56 3,73 3.89 4.05
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Figure 1 – Research selection methodology

Figure 2 – Proportion ratio of non-vaccinated COPD patients related to PAR CAPs and COPD exacerbations

Figure 3 – Correlation of direct COPD and ED costs from exacerbations and CAPs
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Determining economic benefit of pneumococcal 
vaccination of newly diagnosed COPD cases
At the third stage of the study, the calculation of the 

pneumococcal vaccine prophylaxis cost was carried out 
for the CAPs patients with the first diagnosed COPD. The 
calculation was carried out according to the formula [36]:

Costvp = Costvac. × N,
where: is the cost of vaccine prophylaxis; Costvac. is 

the cost of a medicinal product (vaccine); N is the num-
ber of patients to be vaccinated.

The cost of the vaccine was taken into account based 
on the results of competitive tendering for the purchase 
of pneumococcal vaccines held by the regional Ministry 
of Health. The cost of PKV-13 “Prevenar 13” remained 
unchanged for the entire study period and correspond-
ed to 1700 rubles7.

Next, the ratio of pneumococcal vaccination cost 
for patients with CAPs of the first detected COPD and 
the average possible annual ED from the occurrence of 
COPD and CAPs exacerbations were calculated.

Sensitivity analysis of the study results 
The study result was a sensitivity analysis of the re-

sults obtained in order to determine their resistance to 
changes in the initial parameters. To do this, a one-way 
sensitivity analysis was performed with a variation in the 
price of pneumococcal vaccine and the number of pa-
tients by sequentially increasing them by 25% with a 5% 
step.

The work with the data and their statistical process-
ing was carried out using MS Excel 10.0 (Microsoft Office 
2010, USA). For these data processing, the method of 
population attributive statistics was used; RR, PAR.

RESULTS
Based on the systematic review data, contingency 

tables were compiled to calculate the OR (Tables 1, 2).
In accordance with the study program, the RRs for 

the development of COPD exacerbations in vaccinated 
and non-vaccinated PV patients were calculated and an-
alyzed.

RRs of non-vaccinated =  
[608/(608+392)]/[482/(482+518)]=1.26

RRs of vaccinated =  
[482/(482+518)]/[608/(608+392)]=0.79

The RR for COPD exacerbations in non-vaccinated 
COPD patients based on the results of a systematic re-
view was 1.26 versus 0.79 in the vaccinated patients. 

The relative risk is the ratio of the exacerbation of 
COPD risk in the individuals exposed to the risk factor 
(of the non-vaccinated) relative to a comparison group 
(the vaccinated).

7 Procurement contract card of the Ministry of Health JSC No. 
2301506815919000378. Available from: https://zakupki.gov.ru/
epz/contract/contractCard/document-info.html?reestrNumb
er=2301506815919000378.

The next step was to calculate the RR for the CAP 
development in vaccinated and non-vaccinated PV pa-
tients with COPD.

RRs of non-vaccinated =  
[148/(148+852)]/[93/(93+907)]=1.59

RRs of vaccinated =  
[93/(93+907)]/[148/(148+852)]=0.62

Accordingly, the RRs for developing CAPs in the 
non-vaccinated COPD patients was 1.59 versus 0.62 in 
the vaccinated patients.

The obtained values may change when calculations 
are carried out on a different sample, for this it is neces-
sary to determine how significant these changes can be. 
To confirm the results of RRs for both groups of patients, 
the confidence interval (CI) was calculated. In COPD ex-
acerbations (95% CI), the CI of RRs was 1.163–1.368. For 
the RR of the CAP development, (95% CI) is 1.247–2.031, 
which confirms the statistical significance of the results.

Thus, the RR calculation performed shows that 
non-vaccinated COPD patients are 1.26 and 1.59 times 
more likely to develop exacerbations or CAPs, respec-
tively.

The results of the RRs obtained from the data on the 
COPD patients taken in the systematic review, allowed 
us to create a computational model with which we can 
evaluate the RFs in the regional population.

In order to evaluate risks in the population, it is 
necessary to know how often the members of the pop-
ulation under consideration are exposed to risk factors. 
This study was based on the data of the COPD incidence 
registered in patients living in the service area of the As-
trakhan region medical organizations. We 

PAR CAPs and COPD exacerbations were calculated 
for the period of 2015–2019: The results are presented 
in Table 3.

Thus, over the study period, with a decrease in the 
proportion of non-vaccinated PV COPD patients, the 
population risk of developing CAPs and exacerbating 
COPD decreases, which is reflected in Fig. 2.

Having PAR indicators for the study period, the costs 
of the regional healthcare system for the treatment of 
CAPs and COPD exacerbations in the form of ED were 
estimated.

As for the compulsory medical insurance (CMI) of 
the AR healthcare system for the period of 2015-2019, 
its structure of direct costs included direct medical costs 
for hospitalization, outpatient treatment, calls for am-
bulances and emergency medical care. For the research 
purposes, direct cost estimates (Table 4) from a previous 
study assessing the economic burden of COPD in the AO, 
were extrapolated [35].

Having received all the necessary data, the ED from 
the RF were calculated in accordance with the study pro-
gram. The results are presented in Table 4.

The calculations showed that, due to a decrease in 
the proportion of non-vaccinated patients over a five-
year follow-up period, the ED from the RF due to CAPs 
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decreased by 2.1 times, from COPD exacerbations by 2.3 
times (Fig. 3).

Considering that new cases of COPD are detected 
every year, these patients can be considered as a risk 
group for exacerbations and CAPs due to the absence of 
PV. The mean value of the non-vaccinated newly diag-
nosed patients with PV makes it possible to calculate the 
mean annual ED from the occurrence of COPD and CAP 
exacerbations. In this regard, a number of CAPs of new 
COPD cases during the study period were analyzed. For 
the period of 2015-2019, the average number of new-
ly diagnosed patients was 369 cases ± 124 (from 245 to 
493). The median number of COPD patients over the 
same period was 2894. Then the percentage of non-vac-
cinated patients was calculated relative to the median 
of the total number of COPD patients during the study 
period, which made 0.13 or 13%. PAR CAP and exacer-
bations of COPD were determined as 0.07 (7%) and 0.03 
(3%), respectively. The average DCs for COPD was calcu-
lated as the average value for 5 years under study, which 
amounted to 31.18 ± 4.4 million rubles. Based on the 
results obtained, the ED was determined equal to 2.22 
million rubles from CAPs and 1.02 million rubles from 
COPD exacerbations. In total, this damage amounted to 
3.24 million rubles. Next, we calculated the vaccination 
cost of newly diagnosed COPD cases, which amounted 
to 627,300 rubles (from 416,500 to 838,100 rubles). 
Thus, in order to prevent an annual economic loss of 
3.24 million rubles, the government must spend the sum 
5.2 times less.

The sensitivity analysis demonstrated the stability 
of the obtained results to changes in the initial param-
eters. If the vaccination cost is increased by 25% (both 
due to an increase in the price of the vaccine and due to 
the number of the vaccinated), then the indicators will 
not go beyond the indicators of the economic damage 
caused by the absence of vaccination (Table 5).

DISCUSSION
The COPD incidence among the adult population of 

the Russian Federation shows a steady increase, thus 
reflecting global trends. The increase in the incidence 
rate for 2007–2017 amounted to 16.5%8. As the re-
sults of the SUPPORT9 study showed, in Russia, there 
are more than 50% of patients with frequent exacer-
bations. A high risk of exacerbations and the CAP de-
velopment in COPD patients determine the importance 
of preventing complications of this disease. Risk factors 
make a significant contribution to the COPD progres-
sion and severity, so the study of risk factors plays an 
important role in the effective allocation of resources 

8 Chronic obstructive pulmonary disease as a socially significant 
disease. XXVIII National Congress on Respiratory Diseases; Moscow, 
October 17, 2018. – P. 54–60. Available from: https://umedp.ru/
upload/iblock/73b/GSK.pdf. Russian
9 The 28th National Congress on Respiratory Diseases: a time for 
innovations. Pulmonologiya. 2018;28(5):632–634. Available from: 
https://umedp.ru/upload/iblock/73b/GSK.pdf. Russian

for the prevention and treatment of COPD by health 
authorities. In COPD studies, a significant attention is 
paid to risk factors such as smoking, an excessive alco-
hol consumption, a low physical activity, etc. [1]. Thus, 
the greatest contribution to the morbidity and mor-
tality from COPD is made by smoking (9.6%), arterial 
hypertension (24%), an excessive alcohol consumption 
(9%), a low physical activity (16%) [1]. These works are 
carried out both in domestic and foreign studies [37, 
38]. So, in the studies by Zhukova O.V. et al., the effect 
of smoking on the COPD exacerbation is shown [37]. 
In another paper by this author, an attempt to link the 
risk of developing CAP in patients with COPD with the 
use of inhaled glucocorticosteroids has been made. 
Against the background of cardiovascular diseases, a 
trend towards an increase in the development of CAP 
in COPD patients has also been shown [23]. The likeli-
hood of COPD occurring against the background of the 
exposure to occupational hazards such as gas fumes 
and dust, was demonstrated in the meta-analysis con-
ducted by scientists from the Russian Federation, Ka-
zakhstan and Azerbaijan [20]. In the work by Khalid F. 
et al. [39], in Latin Americans under the age of 50 years 
(7,565 people), the risk factors for early COPD were de-
termined as asthma (PAR – 26.5%), smoking (21.4%), 
chronic sinusitis (6.7%). The aim of the study by Shul-
min A.V. et al. was the costs research related with to-
bacco-associated diseases, including COPD [24].

According to the data on the PV effectiveness of the 
Chelyabinsk “City Pulmonological Center”, obtained for 
2012–2015, vaccination provided a sevenfold decrease 
in the number of hospitalizations keeping up to the re-
sults and 3 years afterwards of follow-up in comparison 
with the control group [31]. Pneumococci often act as an 
etiological factor of exacerbations and development of 
pneumonia in the patients suffering from COPD, which 
is of interest in studying the absence of PV as an inde-
pendent RF. When conducting an information search 
in the available databases (Cochrane Library, PubMed, 
e-LIBRARY), it was notified that there were no studies in 
which the absence of PV was considered as RF complica-
tions of COPD.

In accordance with the developed research pro-
gram, based on the data of a systematic review using 
the method of attributive statistics, the RR of COPD 
complications was calculated to determine the pro-
portion of individuals in the regional population as-
sociated with the studied RF for the period of 2015–
2019. During the five-year follow-up period, there 
was a decrease in PAR: with CAP from 34 to 10%, 
and with COPD exacerbations from 19 to 5%. In the 
process of calculating PAR, there was a positive ten-
dency to reduce the population risk of COPD compli-
cations against the background of an increase in the 
number of vaccinated patients. The decrease in the 
proportion of non-vaccinated patients corresponds to 
a decrease in the total economic damage from COPD 
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complications: from 13.16 million rubles to 6.06 mil-
lion rubles during the follow-up period. To assess the 
cost-effectiveness of COPD complications prevention, 
the ratio of the average number of non-vaccinated 
newly diagnosed patients to the average annual eco-
nomic damage was calculated. The calculation of the 
average PV costs showed that the costs necessary to 
prevent the RF action will be 5.2 times less than the 
possible annual ED. The results of the study indicate 
that pneumococcal vaccination is an effective method 
in reducing healthcare costs associated with the treat-
ment of COPD complications.

Study limitations
When analyzing the contribution of risk factors to 

the development of COPD complications, the literature 
data were used to determine the RR for CAP and COPD 
exacerbations, which could affect the accuracy of the 
PAR calculation.

CONCLUSION
CAP was the first study to assess ED using an attrib-

utive statistics methodology, in which the absence of PV 
acted as RF. The results obtained suggest that pneumococ-
cal vaccination significantly reduces the risk of COPD ex-
acerbations and the CAP development. Reducing the risks 
of COPD complications leads to a marked reduction in the 
economic costs of the health care system, with significantly 
lower costs for vaccination, which, in turn, makes this pre-
ventive measure economically viable. The determination 
of the population risk makes it possible to provide people 
with important information about the potential impact of 
prevention programs and interventions on the health sys-
tem and will be extremely useful to health decision makers. 
In addition to traditional financial aspects, investments in 
population-based preventive measures have an important 
social value, since a decrease in the burden of various dis-
eases leads to an increase in well-being, motivation and 
harmonization of patients’ private lives.
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The aim of the article is a comparative clinical and economic assessment of genetically engineered monoclonal antibodies 
against interleukins in infectious diseases facilities in Volgograd region, reassigned to treat COVID-19 patients. 
Materials and methods. ABC analysis of the drug consumption in infectious disease facilities in Volgograd region in 
2020 and 2021, cost-minimization analysis, and volume of consumption (standard dose per 1000 patients) for geneti- 
cally engineered monoclonal antibodies against interleukins, were performed on the basis of pharmacies dispensing drug re-
ports on infectious diseases facilities, Russian State Register of maximum selling prices, and Russian guidelines for COVID-19 
treatment.
Results. Only a small proportion of COVID-19 patients (43.6 standard doses per 1000 patients in 2020 and 137.8 per 
1000 patients in 2021) received genetically engineered biologics in infectious disease facilities in Volgograd Region. Ne- 
vertheless, in the studied facilities, medical drug expenses on them exceeded from 20% in 2020 to 40% of the total inventory 
value in 2021. In mild COVID-19 patients with a high comorbidity index, netaquimab was the least expensive drug therapy 
and levilimab was the most expensive one. For moderate COVID-19, a standart recommended dose of sarilumab was the 
least expensive among the drugs used in the studied facilities, and anakinra was the least expensive drug among all the rec-
ommended GEBs. In severe and extremely severe COVID-19 courses, tocilizumab and sarilumab were less the least expensive 
among the GEBs used in the infectious disease facilities, and anakinra was the least expensive among all the recommended 
GEBs.
Conclusion. Accepting a possible equal effectiveness based on the currently available data, sarilumab is the least expensive 
for moderate COVID-19 and tocilizumab is the least expensive for severe and extremely severe COVID-19.
Keywords: genetically engineered biologics; interleukin antagonists; COVID-19; ABC-analysis; cost-minimization analysis
Abbreviations: GEB(s) – genetically engineered biologics; IL(s) – interleukins; IgG – immunoglobulin G; MA(s) – monoclonal 
antibodies; INN – international nonproprietary name; VED – vital and essential medicines; RF – Russian Federation; SD – stan-
dard dose; CI – confidence interval; RR – relative risk.
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Цель. Сравнительный клинико-экономический анализ применения генно-инженерных биологических препаратов 
антагонистов интерлейкинов в инфекционных отделениях Волгоградской области, перепрофилированных для лече-
ния пациентов с COVID-19.
Материалы и методы. На основании отчётно-учётной документации по выдаче лекарственных средств в отделе-
ниях, Государственного реестра, предельных отпускных цен и временных методических рекомендаций по лечению 
COVID-19, проведён АВС-анализ расходования лекарственных средств в инфекционных отделениях Волгоградской 
области в 2020 и 2021 гг., выполнен анализ минимизации затрат и рассчитан объём потребления генно-инженерных 
биологических препаратов, антагонистов интерлейкинов (стандартная доза на 1000 пациентов). 
Результаты. В инфекционных отделениях Волгоградской области только небольшая доля пациентов с COVID-19 (43,6 
стандартных доз на 1000 больных 2020 г. и 137,8 на 1000 больных в 2021 г.) получала генно-инженерные биологические 
препараты. Тем не менее, расходы на них в изучаемых отделениях в 2020 году превысили 20%, а в 2021 г. – 40% от всех 
расходов на лекарственные средства. При лёгком течении COVID-19 у пациентов с высоким индексом коморбидности 
наименьшей стоимостью на курс терапии обладал нетакимаб, а наибольшей стоимостью – левилимаб. При среднетя-
жёлом течении COVID-19 среди препаратов, закупаемых отделениями, наименьшей стоимостью 1 введения обладал са-
рилумаб, а среди всех рекомендованных препаратов – анакинра. При тяжёлом и крайне тяжёлом течении, наименьшей 
стоимостью 1 введения обладали тоцилизумаб и сарилумаб, а среди всех рекомендованных препаратов – анакинра.
Заключение. При равной эффективности на основании имеющихся в настоящий момент данных при среднетяжёлом 
течении COVID-19 экономически наиболее оправдано применение сарилумаба, а при тяжёлом и крайне тяжёлом 
течении – тоцилизумаба. 
Ключевые слова: генно-инженерные биологические препараты; антагонисты интерлейкинов; COVID-19; АВС-анализ; 
анализ минимизации затрат
Список сокращений: ГИБП – генно-инженерные биологические препараты; ИЛ – интерлейкины; IgG – иммуногло-
булин G; МА – моноклональные антитела; ЛС – лекарственные средства; МНН – международное непатентованное 
название; ЖНВЛС – жизненно необходимые и важнейшие лекарственные средства; РФ – Российская Федерация;  
СД – стандартная доза; ДИ – доверительный интервал; ОР – относительный риск.

INTRODUCTION
In the winter and spring of 2020, a wave of a ra- 

pidly progressing respiratory failure and deaths from a 
COVID-19 infection spread in many countries. In Feb-
ruary 2022, the COVID-19 mortality in the Russian Fed-
eration was 2.4%. In the Volgograd region, it achieved 
3.7%1. The resources of most countries in the world are 
now oriented to the novel infection`s treatment. Me- 
dical costs for COVID-19 therapy, as well as its effective-
ness, are also of interest to the healthcare system.

In the first versions of Russian guidelines on the 
management of COVID-19 patients2, the main em-
phasis was made on antiviral and symptomatic ther-
apy. The discovery of the role of the hyperimmune 
response or cytokine storm as the basis for the patho-
genesis of acute respiratory distress syndrome and 
multiorgan dysfunction in COVID-19 prompted the 
initiation of tocilizumab as preventive anti-inflamma-
tory therapy. Anti-inflammatory drugs widely used in 
rheumatology, such as corticosteroids, Janus kinase in-
hibitors, tocilizumab and other genetically engineered 
biologics (GEBs), became the basis of pathogenetic ther-
apy of the novel infection in hospitals in many count- 
ries in the world and the Russian Federation, as well. In 
the 14th version of Russian guidelines on the manage-
ment of COVID-19 patients3, janus kinase inhibitors and 

1 Operational data: Coronavirus COVID-19. Official information about 
coronavirus in Russia at stopcoronavirus.rf. Available from: https://xn-
-80aesfpebagmfblc0a.xn--p1ai/information/.
2 Prevention, diagnosis and treatment of novel coronavirus infection 
(COVID-19). Interim guidelines. Version 4 (27 March 2020). Ministry of 
Health of the Russian Federation; 2020.
3 Prevention, diagnosis and treatment of novel coronavirus infection 
(COVID-19). Interim guidelines. Version 14 (27.12.2021). Ministry of 
Health of the Russian Federation; 2021.

GEBs in combination with corticosteroids are indicated 
in patients hospitalized both with mild COVID-19 with 
risk factors of a severe disease, and with a moderate or 
severe disease. In the latter cases, the prescription of 
GEBs is preferred.

In the rheumatology practice, the first GEB inflixi- 
mab, a monoclonal antibody to the tumor necrosis fac-
tor-alpha, was approved for a clinical use in 1998. In the 
2000s, when infliximab was not effective, monoclonal 
antibodies (MAs) that block the action of interleukins 
(IL), such as IL-6, IL-1 and IL-17, began to be used [1, 2].

IL-6 is a multifunctional cytokine produced by vari-
ous cell types, and it is involved in the paracrine regula-
tion, systemic physiological and pathological processes 
such as stimulation of immunoglobulin secretion, activa-
tion of T cells, and stimulation of the acute phase inflam-
matory proteins production in the liver and stimulation 
of hematopoiesis. IL-6 is involved in the pathogenesis of 
various diseases, playing an important role in the devel-
opment of the “cytokine storm” in the novel coronavirus 
infection COVID-19. IL-1β induces gene expression and 
production of inflammatory mediators such as IL-6 and 
cyclooxygenase-2. IL-17A, a proinflammatory cytokine, 
stimulates T-cell immunity and increased the production 
of inflammatory mediators: IL-1, IL-6, the tumor necrosis 
factor alpha, and other [3, 4].

The first reports on the successful usage of tocili-
zumab (MA to IL-6 receptor) in patients with severe 
COVID-19, were published by Chinese researchers just 
after the start of the COVID-19 pandemic caused by the 
SARS-CoV-2 virus [5, 6]. Subsequently, the efficiency of 
the drug was demonstrated in numerous observatio- 
nal studies conducted in different countries including 
the Russian Federation [7–9].

DOI: 10.19163/2307-9266-2022-10-2-198-206
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Currently, in addition to tocilizumab in the 14th 
version of Russian guidelines on the management 
patients with COVID-194, there were also 6 other  
anti-inflammatory GEBs including three Russian biosim-
ilars (Table 1), two of which were registered at the out-
break of the COVID-19 pandemic. On February 22, 2022, 
a new version of Russian guidelines was issued, there 
the treatment regimens for COVID-19 patients did not 
include netakimab5.

THE AIM of the study was to perform a compara-
tive clinical and economic assessment of genetically en-
gineered monoclonal antibodies against interleukins in  
infectious diseases facilities in Volgograd region, reas-
signed to treat patients with COVID-19 in 2020–2021.

MATERIALS AND METHODS
For ABC analysis of the drug consumption in in-

fectious disease facilities in Volgograd region, phar-
macies dispensing drug reports in 2020 and 2021, 
were used. According to international nonproprietary 
names (INNs), all items were ranged in compliance 
with the expired costs from the highest to the lowest; 
the costs were calculated for each INN as a percen- 
tage of the total inventory value and the cumulative 
percentage. 

Groups of the drugs that account for 80% of the 
total inventory (segment A), 15% of the total invento-
ry (segment B), and 5% of the total inventory (segment 
C), were identified and the percentage of consumption 
within each group was determined. 

The recommended doses of GEBs for different 
COVID-19 severity were calculated according to the 14th 
version of Russian guidelines on the management pa-
tients with COVID-196. The costs of 1 GEB injection or  
1 therapy course were calculated according to the phar-
macies dispensing drug reports on infectious disease facil-
ities in 2020 and 2021, as well as on the basis of the Russian 
Register of maximum selling prices7. Due to the fact that 
in the treatment of COVID-19, the studied drugs in most 
cases are prescribed as a single injection (not daily), and  
according to the low frequency of these drugs usage in 
real clinical practice, in order to estimate the volume 
of consumption, the indicator Standard Dose per 1000  
treated patients was calculated. The Standard Dose of  
1 administration or course of therapy SD was deter-
mined according to the recommended single or course 
dose for mild and moderate COVID-19. For tocilizumab, 
1 SD was 320 mg (16 ml of 20 mg/ml concentrate), oloki-

4 Ibid.
5 Prevention, diagnosis and treatment of novel coronavirus infection 
(COVID-19). Interim guidelines. Version 15 (22.02.2022). Ministry of 
Health of the Russian Federation.; 2022.
6 Prevention, diagnosis and treatment of novel coronavirus infection 
(COVID-19). Interim guidelines. Version 14 (27.12.2021). Ministry of 
Health of the Russian Federation; 2021.
7 State Register of Medicines. Available from: https://grls.rosminzdrav.
ru/Default.aspx. 

zumab – 64 mg (1 vial, 160 mg/ml – 0.4 ml), levilimab –  
324 mg (2 syringes of 180 mg/ml – 0.9 ml each), sarilu- 
mab – 400 mg (2 syringes of 175 mg/ml – 1.14 ml each) 
and secukinumab – 300 mg (2 syringes of 150 mg/ml –  
1 ml each). In terms of US dollars (USD), the exchange 
rate of 1 ruble = 0.012 USD on February 25, 2022 was 
used. 

RESULTS
In 2020, about 30 million rubles (USD 360 000) 

were spent on 117 INN drugs in 5 infectious di- 
sease facilities, including over 8 million rubles (USD 
96 000) of anti-inflammatory therapy (corticosteroids,  
janus kinase inhibitors and GEBs) (27.0% of the total  
inventory value). About 7 million rubles (USD 84 000) 
out of this sum was spent on GEBs (23.4% of the total 
inventory value). In 2021, about 80 mln rubles (USD 
960 000) was spent in 4 infectious disease facilities on  
129 INN drugs. Out of this sum, a little over 36 mln ru-
bles (USD 432 000) (45.9% of the total inventory value) 
was spent for anti-inflammatory therapy with 5 GEBs 
(32.6 mln rubles; USD 391 200 – 41.5% of the total in-
ventory value).

In 2020, 51.8% of the Segment A value was 
represented by antibacterials (RUB 12 494 680/ 
USD 149 936); 26.5% – by antimicrobials (RUB 6 395 410/
USD 76 745); 14.5% – by anticoagulants (RUB 3 494 986/
USD 41 940). In 2021, 49.2% of the Segment A value was 
represented by antiplatelet agents (RUR 31 325 961/ 
USD 375 912); 37.2% – by anticoagulants (RUR 23 641 908/ 
USD 283 703); 13.6% – by antibiotics (RUR 8 653 352/
USD 103 840) (Table 2). 

In 2020, according to Russian guidelines, 3 GIBPs out 
of 5 (possible at the end of 2020) were purchased in the 
facilities. 77 vials of olokizumab (64 mg, 160 mg/ml –  
0.4 ml), 64 concentrates of tocilizumab (400 mg, 20 mg/ml 
 – 20 ml) and 10 packages of levilimab (2 syringes 162 mg, 
180 mg/ml – 0.9 ml) were used. In 2021, 4 out of  
7 GEBs presented in Russian guidelines, were procured.  
413 vials of olokizumab (64 mg, 160 mg/ml – 0.4 ml), 
14 concentrates of tocilizumab (400 mg, 20 mg/ml –  
20 ml) and 20 (80 mg, 20 mg/ml – 4 ml), 197 packages 
of levilimab (2 syringes 162 mg, 180 mg/ml – 0.9 ml), 35 
packages of sarilumab (2 syringes 200 mg, 175 mg/ml 
– 1.14 ml), and 10 syringes of secukinumab (150 mg/ml  
– 1 ml) were used (Fig. 1).

According to Russian guidelines8, the choice of 
GEBs and dosing regimen depend on the severity of 
COVID-19. A cost minimization analysis in mild COVID-19 
patients with a high comorbidity index revealed that ba-
ricitinib, a Janus kinase inhibitor, an alternative to GEB in 
this particular group of patients, had the lowest cost per 

8 Prevention, diagnosis and treatment of novel coronavirus infection 
(COVID-19). Interim guidelines. Version 14 (27.12.2021). Ministry of 
Health of the Russian Federation; 2021.
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course of therapy. Among GEBs in mild COVID-19, the 
lowest cost per administration was that of netakimab, 
which was not used in the studied infectious disease 
facilities. Russian drug levilimab had the highest cost in 
mild COVID-19. Administration of one standard dose of 
levilimab in the infectious disease facilities in Volgograd 
region at the procurement prices, cost more than 57 
thousand rubles (684 USD), and in case of ineffective-
ness, a patient could need a repeated administration of 
the drug, which doubled the GEBs cost in this category 
of patients (Table 3).

For moderate COVID-19, among the drugs procured 
by the infectious disease facilities, sarilumab had the 
lowest cost per administration; and among all the recom-

mended GEBs, anakinra had the lowest cost per adminis-
tration. For severe and extremely severe COVID-19, tocili-
zumab (the most studied drug for treating COVID-19) and 
sarilumab had the lowest possible cost per administration 
among the drugs procured by the infectious disease fa-
cilities. Among all the recommended GEBs, anakinra had 
also the lowest possible cost. According to the maximum 
prices in the State Register of Medicines (the Register 
of Vital and Essential Medicines of 2022), the cost of 1 
canakinumab injection for severe and extremely severe 
COVID-19 exceeds 1 million rubles (12 000 USD). The fact 
makes it impossible to include this medicine in the infec-
tious disease facilities procurement plan because of its 
extremely high cost. 

Table 1 – Anti-inflammatory GEBs recommended for the treatment of COVID-19 
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Tocilizumab 2003/2009 Humanized
IgG1

IL-6 soluble 
and 

membrane 
receptors

+ + + + + + + + + + +

Sarylumab 2017/2018 Human
IgG1

IL-6 soluble 
and 

membrane 
receptors

+ + + + + + + + + +

Olokizumab No/2020 Humanized
IgG4/kappa

Circulating 
IL-6 + + + + + + + + +

Kanakinumab 2009/2012 Human
IgG1/kappa

IL-1β 
(induces IL-6 
production)

+ + + + + + + + +

Levilimab No/2020 Human
IgG1

IL-6 soluble 
and 

membrane 
receptors

+ + + + + + +

Netakimab No/2019 Humanized IL-17А + + + + +

Anakinra 2001/2021

Recombinant 
version of the 

antagonist 
protein

IL-1ɑ and  
IL-1β 

receptors
+ + + +

Secukinumab 2015/2016 Human
IgG1 IL-17А Absent Russian guidelines 

9 DrugBank database. Available from: https://go.drugbank.com/.
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Figure 1 – GEBs consumption in infectious disease facilities in Volgograd region, reassigned  
to treat COVID-19 patients (2020–2021)
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Table 2 – Drug consumption structure in infectious diseases facilities  
in Volgograd region in 2020-2021

2020 
5 infectious diseases facilities 
3 750 patients (45 315 days) 

2021  
4 infectious diseases facilities 
5 130 patients (58 439 days)

INN Rubles USD % per  
category INN Rubles USD % per  

category
Category А

24 089 776 rubles/289 077 USD
Category А

63 621 220.88 rubles/763 455 USD
Meropenem 4 059 700 48 716 16.85% Olokizumab 17 717 700 212612 27.85%
Olokizumab 3 343 260 40 119 13.88% Levilimab 11 364 764 136377 17.86%
Tocilizumab 3 052 150 36 626 12.67% Sodium Heparin 9 955 524 119 466 15.65%

Cefoperazone Sulbactam 3 049 501 36 594 12.66% Calcium Nadroparin 6 949 819 83 398 10.92%
Levofloxacin 2 540 382 30 485 10.55% Enoxaparin 6 736 565 80 839 10.59%

Heparin Sodium 2 538 824 30 466 10.54% Meropenem 3 600 000 43 200 5.66%
Linezolid 1 592 352 19 108 6.61% Levofloxacin 3 433 352 41 200 5.40%

Ceftriaxone 1 252 745 15 033 5.20% Sarilumab 2 243 497 26 922 3.53%
Sodium Chloride 1 010 270 12 123 4.19%

Cefoperazone Sulbactam 1 620 000 19 440 2.55%Enoxaparin 956 162 11 474 3.97%
Dexamethasone 694 431 8 333 2.88%

Category В
4 327 479.67 rubles/USD 51 930 

Category В
11 199  427.98 rubles/USD 134 393 

Interferon Beta-1b 618 984 7 428 14.30% Dexamethasone 1 542 966 18 516 13.78%
Favipiravir 581 350 6 976 13.43% Sodium Chloride 1 318 901 15 827 11.78%
Levilimab 571 664 6 860 13.21% Baricitinib 1 122 851 13 474 10.03%

Azithromycin 527 163 6 326 12.18% Ceftriaxone 1 121 652 13 460 10.02%
Lopinavir Ritonavir 345 789 4 149 7.99% Tocilizumab 901 725 10 821 8.05%

Propofol 292 905 3 515 6.77% Remdesivir 895 400 10 745 8.00%
Baricitinib 243 296 2 920 5.62% Surfactant 696 160 8 354 6.22%

Amoxicillin Clavulanate 177 126 2 126 4.09% Favipiravir 672 546 8 071 6.01%
Omeprazole 163 793 1 966 3.78% Omeprazole 669 779 8 037 5.98%
Clopidogrel 163 269 1 959 3.77% Azithromycin 500 324 6 004 4.47%
Umifenovir 139 440 1 673 3.22% Propofol 492 577 5 911 4.40%

Methylprednisolone 133 102 1 597 3.08% Prednisolone 434 442 5 213 3.88%
Vancomycin 129 092 1 549 2.98% Secukinumab 419 400 5 033 3.74%

Insulin 128 818 1 546 2.98% Methylprednisolone 410 706 4 928 3.67%Ambroxol 111 689 1 340 2.58%
Category С 

1 383 459.64 rubles/USD16 602 
91 INNs

Category С 
3 893 959.03 rubles/USD 46 728 

106 INNs
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10 State register of maximum selling prices. Available from: https://grls.rosminzdrav.ru/PriceLims.aspx. 

Table 3 – GEBs cost minimization analysis according to COVID-19 severity

INN Drug formulation  
and Strengths

Recom- 
mended 
dosage

Repeated 
dose in case 

of insuffi-
cient effect

Costs per administration or  
per course (7 or 14 days) 

Procurement in infectious  
diseases facilities

List of Vital  
and Essential Drugs10 

2022 
Rubles USD Rubles USD

Mild COVID-19 (patients with high comorbidity index) 
Netakimab* Syringe 60 mg/1 ml 2 syringes 18 181.82 218

Levilimab Syringe 162 mg (180 
mg/ml – 0.9 ml) 2 syringes Every  

24 hours
57 166.38 (2020)
57 689.16 (2021)

686 
692 47 531.10 570

Olokizumab Vial 64 mg  
(160 mg/ml, 0.4 ml) 1 vial Every  

24 hours
43 418.96 (2020)

42 900 (2021)
521 
515 39 000.00 468

Baricitinib
Tablets 4 mg (pack-
ages of 14, 28, 56 

tablets)

4 mg/day for 
7–14 days

12 164.8–24 329.6 (2020)
12 204.9 – 24 409.8 (2021)

146–292 
146–293 

10 064.6 – 
20 129.20 121–242

Tofacitinib 
Tablets 5 and 10 mg 

(package  
of 56 tablets)

10 mg twice a day  
for 7–14 days 

20 129.46 –
40 258.92 242–483

Moderate  COVID-19 

Levilimab Syringe 162 mg  
(180 mg/ml – 0.9 ml) 2 syringes Every 

24 hours
57 166.38 (2020)
57 689.16 (2021)

686
692 47 531.10 570

Olokizumab Vial 64 mg  
(160 mg/ml, 0.4 ml) 1–2 vials Every  

12 hours
43 418.96–86 937.92 (2020)

42 900–85 800 (2021)
521–1,043
515–1,030

39 000.00–
78 000.00 468–936

Tocilizumab 

Syringe  
162 mg/0.9 ml (4 pc.)

4 mg/kg
320 mg for 

80 kg
2 syringes 
or 16 ml

26 526.75 318

Concentrate  
20 mg/ml, 2 ml

38 151.88 (2020)
39 298.56 (2021) 458 28 139.984 338

Concentrate  
20 mg/ml, 4 ml 42 800 (2021) 472–514 29 291.08 351

Concentrate  
20 mg/ml, 10 ml 29 291.088 351

Sarylumab Syringe 200 mg  
(175 mg/ml, 1.14 ml) 1 syringe Every 

12 hours 32 049.96 (2021) 385 26 493.16 318

Anakinra Syringe 100 mg  
(150 mg/ml, 0.67 ml)

100 mg/day  
subcutaneously  

for 7 days
14 867.42 178

Severe and extremely severe COVID-19 (pneumonia with respiratory failure, ARDS)

Tocilizumab 

Syringe  
162 mg/0.9 ml (4 pc.) 4–8 mg/kg

320–640 mg 
at a weight  

of 80 kg
2–4 syringes 
or 16–32 ml

Every  
12 hours

26 526.75–
53 053.5 318–637

Concentrate  
20 mg/ml, 2 ml

38 151.88–76 303.75 (2020)
39 298.56–78 597.12 (2021)

458–916
472–943

28 139.984–
56 279 968 338–675

Concentrate  
20 mg/ml, 4 ml 42 800–85 600 (2021) 514–1,027 29 291.08–

58 582 16 351–703

Concentrate  
20 mg/ml, 10 ml

29 291.088–
58 582 176 351–703

Sarylumab Syringe 200 mg  
(175 mg/ml, 1.14 ml) 2 syringes Every  

12 hours 64 099.92 (2021) 769 52 986.32 636

Kanakinumab Vial 150 mg/ml, 1 ml

4–8 mg/kg
2–4 vials at 
a weight of 
about 80 kg

1 061 845.34 –
2 123 690.68

12 742–
25 484

Anakinra Syringe 100 mg 
(150 mg/ml, 0.67 ml)

200 to 400 mg/day  
subcutaneously 

For 7 days

29 734.84–
59 469.68 357–714

Levilimab Syringe 162 mg  
(180 mg/ml – 0.9 ml) 4 syringes Every 12 

hours
114 332.76 (2020)
115 378.32 (2021)

1,372
1,385 95 062.2 1 141

Olokizumab Vial 64 mg  
(160 mg/ml, 0.4 ml) 4 syringes 173 875.84 (2020)

171 600 (2021)
2,087
2,059 156 000 1 872

Beyond Guidelines

Secukinumab Syringe 150 mg 
(150 mg/ml, 1 ml) 2 syringes** 83 880 (2021) 1,007 69 097.32 829

Note: * – not present in version 15 of Russian guidelines; ** – the dose used in severe COVID-19 in the study by Hasan M.J. et al. [10].

DOI: 10.19163/2307-9266-2022-10-2-198-206
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DISCUSSION
GEBs are now quite widely used to treat various 

diseases associated with immune inflammation, both 
in rheumatology, and in gastroenterology, dermatology, 
pulmonology. GEB therapy of rheumatological patients, 
patients with severe forms of psoriasis, Crohn’s disease, 
nonspecific ulcerative colitis, bronchial asthma favorably 
affects the disease prognosis, leads to improved quality 
of life and achievement of persistent remission [11–16]. 
More often, GEBs are used as second-line drugs in case 
of ineffectiveness or poor tolerability of standard base-
line anti-inflammatory drugs. The main obstacle to the 
prescription of GEBs is their high cost, which leads to in-
creased treatment costs and an economic burden on the 
healthcare system. Nevertheless, in the Russian Federa-
tion, a model of clinical and statistical groups has been 
developed at the federal level, which allows providing 
the patients requiring GEBs prescription, at the expense 
of the OMI system [17].

The use of anti-inflammatory GEBs in COVID-19 pa-
tients under current conditions of the novel coronavirus 
infection and the limited evidence base for the treat-
ment of COVID-19 is «off-label» and is based on the in-
ternational guidelines9 and consensual expert opinions 
based on the assessment of the benefit and risk degree 
in the “off-label” use10. In the actual clinical practice, 
only a small proportion of COVID-19 patients fewer than 
4.2% in 2020 and fewer than 13.8% in 2021) in the stud-
ied infectious disease facilities received GEBs. Neverthe-
less, the consumption of these drugs in 2020 exceeded 
20%, and in 2021 – 40% of the total inventory value of 
the drugs in the OMI system in the studied facilities.

In most cases, the reason for the use of GEBs in 
COVID-19 patients was fever that did not resolve with 
the use of systemic corticosteroids (if the drug was avail-
able in the facilities), appropriate changes in the inflam-
matory markers and the absence of contraindications. 
For two years of the pandemic, more and more publi-
cations have become available to evaluate the role of 
different drugs, including GEBs.

At the beginning of the pandemic, observational 
studies revealed an association between elevated levels 
of IL-6 in the severe COVID-19 and the patient mortality 
[18–20]. A number of the subsequent uncontrolled clin-
ical trials have found a reduction in the disease severity 
and inflammatory markers after the administration of 
tocilizumab (MA to IL-6 receptor) [6, 21, 22]. Two major 
studies, RECOVERY and REMAP-CAP, have demonstrated 
a significant reduction in mortality after the administra-
tion of MA to IL-6 receptor [8, 23].

The RECOVERY study [8] included hospitalized 
COVID-19 patients who required oxygen support and 

had C-reactive protein levels ≥ 75 mg/l. The 28-day mor-
tality rate was 31% (621/2022) in the tocilizumab group 
and 35% (729/2 094) in the standard therapy group (OR 
0.85; 95% CI 0.76–0.94; p=0.028). However, this trend 
was observed only in patients receiving tocilizumab in 
combination with dexamethasone. The REMAP-CAP 
study [23] enrolled 2 274 COVID-19 patients requiring 
a respiratory support (high-flow oxygen therapy, nonin-
vasive or invasive pulmonary ventilation) at the time of 
inclusion in the study. 972 of these received 1–2 doses 
of tocilizumab (MA to IL-6 receptor), 485 received sari-
lumab (MA to IL-6 receptor), 378 received anakinra (MA 
to IL-1 receptor), and other 418 were included in the 
control group. In-hospital, survival rates were 66.4% for 
tocilizumab; 67.3% for sarilumab; 60.3% for anakinra; 
and 63.1% for controls. Compared with the controls, the 
mean adjusted odds ratios for the in-hospital survival 
were 1.42 (95% CI 1.05–1.93) for tocilizumab, 1.51 (95% 
CI 1.06, 2.20) for sarilumab, and 0.97 (95% CI 0.66, 1.40) 
for anakinra. Thus, tocilizumab and sarilumab showed a 
comparable effect in reducing COVID-19 patients’ mor-
tality requiring a respiratory support, whereas anakinra 
showed no positive effect on the severity of COVID-19.

A single-center observational retrospective com-
parative study of two Russian drugs and tocilizumab in 
patients with severe COVID-19 was conducted in the 
Russian Federation [24]. The study included 200 pa-
tients with a single administration of tocilizumab (MA to 
IL-6 receptor), 100 patients who received levilimab (MA 
to IL-6 receptor) and 100 patients who received oloki-
zumab (MA to IL-6). A comparative analysis of clinical 
outcomes between the groups revealed a statistically 
insignificant increase in the risk of sepsis and death in 
the levilimab group compared to the tocilizumab and 
olokizumab groups.

The study by Hasan M.J. et al. [10] compared the ef-
fectiveness of 300 mg secukinumab (MA to IL 17A) add-
ed to baricitinib in the severe course of COVID-19 in 17 
patients, compared to the control group that received 
only baricitinib. The secukinumab+baricitinib group 
showed a statistically significant reduction in the need 
for invasive pulmonary ventilation, a shorter ICU stay, 
and a lower 30-day mortality rate with a greater risk of 
secondary infections compared to the baricitinib group.

Pavlov R.E. et al. [25] described the experience of us-
ing netakimab with corticosteroids in outpatient settings. 
Netakimab (MA to IL 17A), a Russian drug, a biosimilar of 
secukinumab, is used for treatment of severe psoriasis 
forms. The authors conducted a retrospective analysis 
of treatment of 12 patients with severe COVID-19 who 
received therapy with netakimab (the first injection of 
60–120 mg subcutaneously and, if indicated, the second 
injection of 60 mg) plus betamethasone dipropionate/
betamezon phosphate at the dose of 2 ml (an officinal 
solution) intramuscularly. The treatment started on the 
7th day from the onset of the disease. A repeated admin-
istration of netakimab was performed in older patients 

11 COVID-19: clinical guidelines. Available from: https://www.ersnet.
org/covid-19/covid-19-guidelines-and-recommendations-directory/.
12 Prevention, diagnosis and treatment of novel coronavirus infection 
(COVID-19). Interim guidelines. Version 14 (27.12.2021). Ministry of 
Health of the Russian Federation; 2021.
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due to the insufficient effect in controlling hyperther-
mia and/or hypoxemia. A simultaneous administration 
of netakimab and corticosteroids resulted in reducing 
hyperthermia and/or increased oxygen saturation 2.5 
days after the first injection, decreased levels of inflam-
matory markers, positive dynamics according to the lung 
computed tomography data. An increased respiratory 
support (transfer to the artificial lung ventilation) or a 
change of antibiotic therapy, as well as hospitalization 
were not required in any case.

Thus, based on the available data, we can conclude 
that tocilizumab, sarilumab, and probably olokizumab 
have a comparable efficacy in COVID-19 patients requiring 
a respiratory support. The extremely high cost of canaki-
numab raises the question whether it is reasonable to 

study the effectiveness of this drug in COVID-19 patients.
The data obtained on the use of anakinra suggest a lack 
of efficacy. The efficacy of netakinumab and secukinum-
ab, as well as levilimab, requires a further study. 

CONCLUSION
Under conditions of possible equal effectiveness 

based on the currently available data, the use of sari-
lumab is the least expensive in moderate COVID-19, and 
tocilizumab – in severe and extremely severe COVID-19. 
Among Russian GEBs, the use of olokizumab, compared 
to levilimab, is the least expensive with possibly higher 
efficacy and safety. However, the efficacy and safety of 
anti-inflammatory GEBs in patients with COVID-19, mild 
COVID-19, requires a further study.
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The aim of the study is the identification and evaluation of a new antioxidant activity in a potentially new medicinal raw 
material of Actinidia arguta folia.
Materials and methods. The total content of antioxidants was measured on a Tsvet Yauza-01-AA liquid chromatograph 
using the amperometric method. In parallel, the antioxidant activity of Actinidia arguta extracts was studied in vitro in the 
following dilution range: 62.5 µg/ml, 125 µg/ml, 250 µg/ml, 500 µg/ml and 1000 µg/ml. Herewith, DPPH, superoxide, and 
hydroxyl radical inhibitory properties of the analyzed samples were evaluated. 
The studies of the antioxidant activity with the determination of the activity of superoxide dismutase, glutathione peroxidase, 
catalase, the concentration of malondialdehyde and diene conjugates, have been conducted in vivo.
Results. When studying the antiradical activity (in vitro tests), it was found out that the highest radical-inhibiting activity 
comparable to the individual compound - quercetin, has the extraction from Actinidia arguta folia, obtained by the extraction 
with 40% ethyl alcohol. The IC50 value for the given extract in relation to DPPH; superoxide and hydroxyl radical, amounted 
to 537.6±23.924 µg/ml; 26.6±2.627 µg/ml and 72.6±3.264 µg/ml, respectively, which may indicate that this extract has 
reducing and radical scavenging properties. In parallel, the study of the total content of antioxidants in terms of quercetin and 
gallic acid has been carried out. It has also been found out that in the Actinidia arguta folia extract, obtained by the extraction 
with 40% ethyl alcohol, the content of the antioxidants is maximum.
Conclusion. The data obtained using the in vitro test were confirmed in the in vivo study, in which the course application of 
the Actinidia arguta folia extract, obtained by the extraction with 40% ethyl alcohol to the degree comparable to quercetin, 
contributed to an increase in the superoxide dismutase activity, a decrease in the lipid peroxidation products. The maximum 
content of antioxidants for Actinidia arguta folia was 0.73±0.007 and 0.47±0.005 mg/g in terms of quercetin and gallic acid, 
respectively. The extractant was 40% ethyl alcohol.
Keywords: Actinidia arguta; flavonoids; antioxidant activity; medicinal plant materials; ethnomedicine
Abbreviations: DPPH- 2,2-diphenyl-1-picrylhydrazyl; EDTA – ethylenediaminetetraacetic acid; DC – diene conjugates; TBA-
AP – active products of thiobarbituric acid; ROS – reactive oxygen species; SOD – superoxide dismutase; GP – glutathione 
peroxidase; NADPH – reduced nicotinamide adenine dinucleotide phosphate; ERK – extracellular regulated kinase; MAPK – 
mitogen-activated protein kinase.
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Цель. Выявление и оценка антиоксидантной активности нового лекарственного сырья – актинидии аргута листьев 
(Actinidia arguta folia). 
Материалы и методы. Суммарное содержание антиоксидантов проводили на жидкостном хроматографе «Цвет 
Яуза-01-АА» амперометрическим методом. Параллельно изучали in vitro антиоксидантную активность извлечений 
Actinidia argutа в следующем диапазоне разведений: 62,5 мкг/мл, 125 мкг/мл, 250 мкг/мл, 500 мкг/мл и 1000 мкг/мл. 
При этом оценивались DPPH, супероксид и гидроксил-радикал ингибирующие свойства анализируемых образцов. 
Были проведены исследования in vivo антиоксидантной активности с определением активности супероксиддисмута-
зы, глутатионпероксидазы, каталазы, концентрации малонового диальдегида и диеновых конъюгатов. 
Результаты. При изучении антирадикальной активности (in vitro тесты) установлено, что наиболее высокой ради-
кал-ингибирующей активностью сопоставимой с индивидуальным соединением – кверцетином, обладает извлече-
ние из актинидии аргута листьев, полученные экстракцией спиртом этиловым 40%. Величина IC50 для данного извле-
чения в отношении DPPH; супероксид и гидроксил-радикала составила 537,6±23,924 мкг/мл; 26,6±2,627 мкг/мл и 
72,6±3,264 мкг/мл соответственно, что может свидетельствовать о наличии у данного извлечения восстановительных 
и радикал-скэвенджерных свойств. Параллельно проводилось изучение суммарного содержание антиоксидантов в 
пересчете на кверцетин и галловую кислоту. Также было обнаружено в извлечении актинидии аргута листьев, полу-
ченном экстракцией спиртом этиловым 40%, содержание антиоксидантов максимально. 
Заключение. Данные, полученные с помощью испытания in vitro, были подтверждены в исследовании in vivo, в ко-
тором курсовое применение извлечения актинидии листьев, полученного экстракцией спиртом этиловым 40% в 
сопоставимой с кверцетином степени, способствовало увеличению активности супероксиддисмутазы, снижению 
продуктов липопероксидации. Максимальное содержание антиоксидантов для актинидии аргута листьев составило 
0,73±0,007 и 0,47±0,005 мг/г в пересчете на кверцетин и галловую кислоту соответственно. Экстрагент – спирт этило-
вый 40%.
Ключевые слова: актинидии аргута; флавоноиды; антиоксидантная активность; лекарственное растительное сырье; 
этномедицина 
Список сокращений: DPPH- 2,2-дифенил-1-пикрилгидразил; ЭДТА – этилендиаминтетрауксусная кислота; ДК – дие-
новые конъюгаты; ТБК-АП – активные продукты тиобарбитуровой кислоты; АФК – активные формы кислорода; СОД 
– супероксиддисмутаза; ГП – глутатионпероксидаза; НАДФН – никотинамидадениндинуклеотидфосфат восстанов-
ленный; ERK – внеклеточная регулируемая киназа; MAPK – митоген-активируемая протеинкиназа.

INTRODUCTION
The genus Actinidia Lindl. includes about thirty spe-

cies, the places of natural growth of which are Central 
and East Asia, the island of Java. In Russia, these are rel-
ict plants of the Far East (species: Actinidia giraldi Diels; 
Actinidia kolomikta (Maxim.) Maxim; Actinidia argutа 
(Siebold et Zucc.) Planch. ex Miq.; Actinidia polygama 
(Siebold et Zucc.) Maxim. Breeding work with the Far 
Eastern actinidia was started in 1906 by I.V. Michurin, 
who created a selection fund of domestic actinidia [1].

One of the promising species is Actinidia arguta (Sie-
bold et Zucc.) Planch. ex Miq., as it tolerates temperature 
changes well and is resistant to low temperatures (in the 
winter period), and it has a high yield. The following va-
rieties were bred by Michurin I.V. from the samples of 
this species – “Early” and “Yeilding” [2]. At present, the 
growth of Actinidia arguta has spread far enough beyond 
its habitat, and every year it is more and more interest-
ing as a promising species for horticulture and medicine 
[4]. Fruits are evaluated for the content of ascorbic acid 
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[3, 8], as well as due to the high content of biologically 
active substances (BASs), which have antioxidant, adapto-
genic and immunomodulatory properties [5–7]. Actinidia 
arguta (Siebold et Zucc.) Planch. ex Miq. is a well-known 
Japanese plant called sarunushi. In its fruits, the content 
of biologically active substances such as catechins, ascor-
bic acid, anthocyanins, beta-carotenes and other poly-
phenols, which are well preserved in processed products, 
has been established. The studies by Japanese scientists 
show that A. arguta juice components are promising for 
a potential use as chemopreventive agents [8, 9]. There 
are studies that the genus Actinidia Lindl. species can be a 
potential source of natural antioxidants [10].

At present, Actinidia arguta (Siebold et Zucc.) Planch. 
ex Miq., successfully grown under the conditions of the 
Caucasian Mineral Waters, is of interest for scientific re-
search. Over the past ten years, the specimens growing 
under the climatic conditions of Pyatigorsk, have been 
monitored. Their unpretentiousness in care, frost resis-
tance, annual fruiting and good yields should be notified.

By a screening phytochemical analysis, the con-
tent of flavonoids and tannins, the presence of which 
predicts a possible antioxidant activity, has been estab-
lished in the Actinidia arguta (Siebold et Zucc.) Planch. 
ex Miq. folia [11].

THE AIM of the study is the identification and eva- 
luation of a new antioxidant activity in a potentially new 
medicinal raw material of Actinidia arguta folia.

MATERIALS AND METHODS
Object of study
The object of the study is Actinidia arguta folia har-

vested in the fruiting phase (autumn) of the producing 
plant – Actinidia arguta of the Actinidiaceae family, from 
the specimens grown under the climatic conditions of 
the city of Pyatigorsk, the Stavropol Territory, in the 
open field near Novopyatigorsk-Skachki, the coordina-
tesare are: 44°01’07” N and 43°03’12” E, 545 m above 
the sea level. The identification of the raw materials was 
carried out by Vdovenko-Martynova N.N., an Associate 
Professor of the Department of Pharmacognosy, Botany 
and Technology of Phytopreparations of the Pyatigorsk 
Medical and Pharmaceutical Institute – a branch of the 
Volgograd State Medical University. Actinidia arguta 
(Siebold et Zucc.) Planch. ex Miq. is a dioecious perenni-
al twining vine up to 15 meters high with a stem, which 
eventually becomes woody. The leaves are large, up to 
twelve centimeters long, green, turn bright yellow in au-
tumn and fall off in November. It bears fruits annually. 
The fruits are berries up to 3 cm long, juicy, sweet and 
sour, their taste reminds that of kiwi.

Obtaining extracts and determining the total 
content of antioxidants in terms of quercetin 
and gallic acid
The extracts for the research were prepared from 

the dried crushed raw materials. The total content of 

antioxidants was determined in terms of quercetin and 
gallic acid. Using a calibration plot of the output signal 
dependence on the quercetin and/or gallic acid con-
centration, the mass concentration of antioxidants was 
measured. The determination was carried out on a Tsvet 
Yauza-01-AA liquid chromatograph (OJSC “Khimavtoma-
tika”, Russia) by the amperometric method [12–15].

The analyzed raw material was crushed to the size 
of particles passing through a sieve with a diameter of 
0.5 mm. About 1.0 g (an accurately weighed portion) 
was placed in a conical flask with a thin section with a 
capacity of 100 ml, 30 ml of extractant (purified water, 
ethyl alcohol of various concentrations: 95%, 70%, 40%) 
was added, heated in the water bath under reflux for 30 
minutes. After cooling, it was filtered through a paper 
filter into a 100 ml volumetric flask. The extraction was 
repeated twice, using 30 ml of the extractant. The ex-
tracts were combined and made up to the mark [12–14].

For each sample, five consecutive measurements 
of the output signal (the peak area) of the analyzed ex-
traction were recorded. The dilutions were taken into 
account in the calculations.

The mass concentration X (mg/g) was calculated by 
the formula:

                                     
,

1000
g n

n

X V N
X

m
∗ ∗

=
∗                                

(1)

where: Xg is the mass concentration of the antioxi-
dants found from the calibration curve, mg/l; Vn is the 
volume (extraction) of the plant material, ml; mn is a 
sample of the vegetable raw materials, g; N is the dilu-
tion factor of the analyzed sample.

Determination of pharmacological activity
The antioxidant activity of Actinidia arguta extracts 

was studied in vitro in the following dilution range: 62.5 
µg/ml, 125 µg/ml, 250 µg/ml, 500 µg/ml and 1000 µg/ml.  
In this case, the inhibitory properties of 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH), superoxide, and the hydrox-
yl radical of the analyzed samples were evaluated. All 
the tests were performed in the triplet form.

DPPH test
The ability of the studied Actinidia arguta ex-

tracts to inhibit the formation of the DPPH radical in 
the model medium was evaluated according to the 
method described by Flieger J. et al. [16]. The mixture 
consisting of 1 ml of the analyzed extract at various 
concentrations and 0.5 ml of a 0.4 mM DPPH solution 
in methanol (the analytical grade, Vekton, Russia) was 
incubated for 30 min. at room temperature. Further, 
the change in the optical density of the studied sam-
ples was recorded at λ=518 nm relative to methyl al-
cohol. The methanolic solution of DPPH was taken as 
the positive control (A0). Quercetin (Sigma-Aldrich, 
USA) at similar concentrations was used as a compar-
ison. The percentage of the inhibition was calculated 
using the formula [16]:
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where: Ax is the sample optical density of the ex-
traction reference standard; A0 is the optical density of 
the positive control sample.

Evaluation of hydroxyl radical inhibitory activity
A method based on the spectrophotometric de-

tection of a colored condensed complex of 2-thiobar-
bituric acid and degradation products of 2-deoxyribose 
degraded by the hydroxyl radical generated in the Fen-
ton reaction, was used. The model medium included: 
0.1 ml of a 2.8 mM deoxyribose solution; 0.1 ml of a 
0.1 mM ethylenediaminetetraacetic acid (EDTA) solu-
tion; 0.1 ml of a 0.1 mm ascorbate solution; 0.1 ml of a 
phosphate buffer (pH 7.4) and 1 ml of the Actinidia fo-
lia assay extracts in the estimated concentration range. 
The resulting mixture was incubated at 37°С for one 
hour. Next, 1 ml of the 2.8% trichloroacetic acid solu-
tion and 1 ml of the 1% solution 2-thiobarbituric acid 
were added, heated for 20 minutes in the water bath 
(100°С). After cooling, the extinction of the samples 
was measured at λ=532 nm relative to the air. Fenton’s 
medium without the addition of the studied extracts 
served as a positive control. As a comparison, querce-
tin of similar concentrations was used. The degree of 
hydroxyl radical formation inhibition was calculated by 
the formula (2) [17].

Evaluation of superoxide radical inhibitory activity
An analysis method based on the spectrophoto-

metric detection of riboflavin photoconversion reaction 
products was used. The model medium included: 0.1 ml 
solution of the studied Actinidia folia extracts in various 
concentrations; 0.1 ml of a 1.5 mM nitro-blue tetrazoli-
um solution; 0.2 ml of a 0.1 M EDTA solution; 0.05 ml 
of a 0.12 mM riboflavin solution and 2.55 ml of phos-
phate buffer (pH 7.4). The mixture was incubated for  
5 min at room temperature. The sample extinction was 
measured at λ=560 nm relative to the air. The positive 
control was the incubation medium without the addi-
tion of the studied extracts. As a comparison, quercetin 
was used at similar concentrations. The percentage of 
the superoxide radical formation inhibition was calculat-
ed by formula (2) [18].

During the in vitro testing, the optical density was 
measured on a spectrophotometer PE-5400V (Promeco-
lab, Russia).

Evaluation of “acute toxicity”
The toxicity study of Actinidia folia extracts in an 

acute experiment was carried out according to the “Up 
and Down” testing procedure, the main provisions of 

which are presented in the OECD Guideline for the eva- 
luation of oral chemical compounds toxicity No. 425.

According to the principles of “the acute toxicity” 
evaluation, set out in OECD No. 425, the toxicity study 
experiment of the test samples involves two stages. The 
first stage is “a limit test”, in which the studied objects 
were administered orally at the dose of 5000 mg/kg. 
When 3 animals died, the main testing was performed; 
otherwise, the value of LD50 was taken as 5000 mg/kg. 
The animals were observed for 14 days from the mo-
ment of the introduction of the studied objects. The 
“acute toxicity” study of the Actinidia folia analyzed 
extracts was performed on Balb/c male mice weighing 
20–25 grams, obtained from the Rappolovo laboratory 
animal nursery (Leningrad region, Russia), which had un-
dergone microbiological control and a 2-week quaran-
tine. The animals were kept under standard conditions: 
the air temperature was 20±2°С; the relative humidity 
was 60±5% with a daily cycle of 12 hours day/12 hours 
night and a free access to food and water. The design of 
the study and the conditions under which the animals 
were kept, were in accordance with generally accepted 
standards of experimental ethics1. The concept of the 
work was approved by the local ethics committee of 
the Pyatigorsk Medical and Pharmaceutical Institute, a 
branch of Volgograd State Medical University (Protocol 
No. 2 dated 03/20/2019).

Antioxidant activity evaluation
of studied in vivo extracts 
An in vivo study of the antioxidant Actinidia folia 

properties of extracts was performed on 60 male Wis-
tar rats weighing 200–230 grams. Keeping the animals 
corresponded to that in the assessment of “acute tox-
icity”. The studied extracts (95% ethyl alcohol – code 
A95; 70% ethyl alcohol – code A70; 40% ethyl alcohol – 
code A40 and the water extract - code AB) were admin-
istered to the rats without pathology per os at the dose 
of 1/50 of LD50 for 10 days. After that, blood was taken 
from the animals’ abdominal aorta into a citrate-coated 
syringe, then the rats were decapitated under chloral 
hydrate anesthesia (350 mg/kg intraperitoneally). The 
blood was centrifuged at 1000g for 15 minutes to ob-
tain serum, in which the change in the pro/antioxidant 
balance was determined. The reference substance was 
quercetin at the dose of 100 mg/kg, which was admin-
istered according to the scheme similar to the studied 
extracts [19].

Determination of diene conjugates concentration
The content of diene conjugates (DCs) in the ani-

mals’ blood serum was determined by a spectrophoto-

1 Directive 2010/63 / EU of the European Parliament and of the 
councilon the protection of animals used for scientific purposes, 
September 22, 2010.
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metric method. DC was extracted with the mixture of 
heptane+isopropanol (1:1). The amount of DC was cal-
culated by the molar extinction coefficient of conjugat-
ed dienes at λ=233 nm 2,2×105 М1 · см-1 and expressed 
in nmol/ml. The optical density was measured on a  
PE-5400V spectrophotometer (Promecolab, Russia) 
[20].

Determination of the TBA-active products
(TBA-AP) concentration
The content of TBA-AP was determined by a spec-

trophotometric detection at λ=532 nm of the colored re-
action products of the peroxide products condensation 
reaction with 2-thiobarbituric acid. In this case, the color 
of the resulting solution is proportional to the TBA-AP 
concentration. The content of TBA-AP was calculated 
by the molar extinction coefficient of malondialdehyde 
(1.56×105 lmol-1 · cm-1). The results obtained were ex-
pressed in nmol/ml. The optical density was measured 
on a PE-5400V spectrophotometer [21].

Determination of catalase activity
А сatalase activity was evaluated by the spectropho-

tometric method in the reaction of a hydrogen perox-
ide destruction determined by the interaction with a 4% 
ammonium molybdate solution. The color intensity of 
the reaction product was evaluated at λ=410 nm.

The catalase activity was calculated by the differ-
ence between the extinctions of the experimental and 
blank samples, using the molar extinction coefficient of 
hydrogen peroxide equal to 22.2×103 mM-1 · cm-1 and ex-
pressed in nmol/min/ml. The optical density was mea-
sured on a PE-5400V spectrophotometer [22].

Determination of superoxide dismutase activity
The activity of superoxide dismutase (SOD) was eval-

uated by the xanthine oxidase method. The incubation 
medium contained: 0.05 mmol/l xanthine; 0.025 mmol/l 
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium 
chloride; 0.94 mmol/l EDTA, 80 U/l xanthine oxidase,  
40 mmol/l CAPS buffer. The sample extinction was re-
corded at λ=505 nm. The SOD activity was expressed in 
U/l. The optical density was measured on a PE-5400V 
spectrophotometer [23].

Determination of glutathione peroxidase activity
The activity of glutathione peroxidase (GP) was 

determined in the coupled glutathione reductase reac-
tion by the decrease in NADPH. The incubation medi-
um included: 1 mmol/l EDTA, 50 mM K,Na-phosphate 
buffer, pH 7.4; 1 unit act./ml glutathioreductase; 20 
mmol/l NADPH; 1 mmol/L glutathione (GSH); 30–60 µg 
of protein per 1 ml of medium. The sample extinction 

was recorded at λ=340 nm. The reaction was started by 
adding cumene hydroperoxide at the concentration of  
1.5 mmol/l and carried out at the temperature of 25°С. 
The GP activity was expressed in U/l. The optical density 
was measured on a PE-5400V spectrophotometer [24].

Statistical analysis
The obtained results were statistically processed us-

ing the Statistica 6.0 software package (StatSoft, USA). 
The data were expressed as M±SEM. Statistically sig-
nificant differences between the in vivo testing groups 
were determined by a one-way analysis of variance with 
the Newman-Keuls post-test. The IC50 value for in vitro 
tests was calculated by a probit analysis. The LD50 index 
was determined by the maximum likelihood method  
using the AOT425statpgm report software (OECD TG 425 
2002, USA) [25].

RESULTS
Study of antioxidants total content
The total content of the antioxidants in terms of 

quercetin and gallic acid, the peak areas, the dilution ra-
tio, are presented in Table 1.

The content of antioxidants in the studied extracts 
obtained by extracting Actinidia arguta folia with puri-
fied water and ethyl alcohol of various concentrations, 
was established. Analyzing the data in Table 1, it can be 
concluded that the maximum content of the total anti-
oxidants in terms of quercetin and gallic acid was found 
out in the extract of Actinidia arguta folia, obtained by 
the extraction with 40% ethyl alcohol.

Evaluation of antioxidant activity in vitro
When studying the antioxidant properties of the 

studied extracts in in vitro tests, it was found out that, 
with respect to the DPPH radical, the analyzed extracts 
were characterized by an insignificant inhibitory activity, 
as evidenced by the IC50 value. For the objects under 
the codes A95, A70 and AB it made up 1150.9±52.321 
μg/ml, 1660.9±45.954 µg/ml and 1918.5±85.617 µg/ml, 
respectively. At the same time, the IC50 for extracts from 
Actinidia folia obtained by the extraction with 40% eth-
yl alcohol and quercetin, was 537.6±23.924 µg/mL and 
519.4±45.296 µg/mL, respectively (Fig. 1).

With regard to the superoxide radical, the most 
pronounced inhibitory activity was shown by the stu- 
died extracts under the codes A95, A40 and quercetin: 
the IC value was 30.7±1.238 µg/ml, 26.6±2.627 µg/ml 
and 11.3±1.974 µg/ml, respectively. At the same time, 
the extracts of A70 (IC50 = 204.3±9.114 μg/mL) and AB 
(IC50=262.9±7.856 μg/mL) inhibited the generation of 
the superoxide radical in the model medium to a lesser 
extent (Fig. 2).
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Figure 1 – Evaluation results of the DPPH-inhibitory activity of the studied extracts and quercetin
Note: A95 is the extract from Actinidia folia, obtained by the extraction with 95% ethyl alcohol; A70 – extract from Actinidia folia, obtained by the 
extraction with 70% ethyl alcohol; A40 is the extract from Actinidia folia, obtained by the extraction with 40% ethyl alcohol; AB is the extract from 
Actinidia folia, obtained by the extraction with purified water.
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Figure 2 – Evaluation results of the superoxide-radical-inhibiting activity of the studied extracts and quercetin
Note: A95 is the extract from Actinidia folia, obtained by the extraction with 95% ethyl alcohol; A70 – extract from Actinidia folia, obtained by the 
extraction with 70% ethyl alcohol; A40 is the extract from Actinidia folia, obtained by the extraction with 40% ethyl alcohol; AB is the extract from 
Actinidia folia, obtained by the extraction with purified water.

Figure 3 – Evaluation results of the hydroxyl-radical-inhibiting activity of the studied extracts and quercetin
Note: A95 is the extract from Actinidia folia, obtained by the extraction with 95% ethyl alcohol; A70 – extract from Actinidia folia, obtained by the 
extraction with 70% ethyl alcohol; A40 is the extract from Actinidia folia, obtained by the extraction with 40% ethyl alcohol; AB is the extract from 
Actinidia folia, obtained by the extraction with purified water.
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Table 1 – The content of antioxidants (in terms of quercetin and gallic acid) in extracts  
from Actinidia arguta (Siebold et Zucc.) Planch. ex Miq. folia

Raw materials
name Extractants used Peak areas

(pА/sec)
Dilution ratio of ana-

lyzed samples

Total content of antioxidants,
mg/g (n=6) in terms of

quercetin gallic acid

Leaves

95% ethyl alcohol 2963.04 – 0.268±0,005 0.172±0.003
70% ethyl alcohol 3210.95 2 0.584±0,009 0.375±0.004
40% ethyl alcohol 4262.38 6 0.734±0,007 0.475±0.005

Purified water 3991.70 2 2.215±0,007 1.436±0.006

Table 2 – Results of determining “the acute toxicity” of Actinidia folia investigated extracts

Animal No. Weight, g
Investigated objects

Dose
А95 А70 А40 АВ

1 22 О (S)

5000 mg/kg, 
per os

2 21 О (S)
3 20 О (S)
4 23 О (S)
5 22 О (S)
6 20 О (S)
7 24 О (S)
8 25 О (S)
9 25 О (S)

10 24 О (S)
11 21 О (S)
12 22 О (S)

Note: O – no death on the first day of observation; (S) – no death during 14 days of observation.

Table 3 – Changes in the pro / antioxidant balance against the background of the course administration  
of the studied extracts and quercetin to the animals without pathology

Group Intact animals 
(n=10) А95 (n=10) А70 (n=10) А 40 (n=10) АВ (n=10) Quercetin (n=10)

SOD, Unit/l 300.5±7.129 µ 304.4±8.432 µ 307.1±8.391µ 371±8.377* 309.5±7.973 µ 395.47±8.439*
GP, Unit/l 602.6±5.946 601.56±6.188 603.71±6.163 664.91±9.779* 604.75±9.050 657.29±6.129
Catalase, 
nmol/min/ml 0.863±0.0145 0.944±0.024 0.76±0.076 µ 1.188±0.084* 0.919±0.041 1.287±0.082*

TBA-AP,  
nmol/ml 5.4±0.524 4.36±0.611 4.43±0.298 3.75±0.173* 4.62±0.596 3.67±0.655*

DC, nmol/ml 10.8±0.696 9.71±0.31 9.74±0.454 7.31±0.271* 9.55±0.21 7.52±0.481*
Note: * is statistically significant relative to the intact animals (p<0.05; Newman-Keuls test); µ is statistically significant relative to the animals 
treated with A40 extract (p<0.05; Newman-Keuls test).

The formation of a hydroxyl radical in the model 
mixture most significantly inhibited the addition of the 
studied extract from Actinidia folia, obtained by the 
extraction with 40% ethyl alcohol (IC50 = 72.6±3.264  
µg/ml) into the medium. At the same time, the IC50 va- 
lues for the studied objects A95; A70; AV and quercetin 
amounted to 245.6±10.237 µg/ml; 382.5±11.974 µg/ml; 
356.0±12.987 µg/ml and 192.2±7.515 µg/ml, respec-
tively (Fig. 3).

“Acute toxicity” evaluation of Actinidia folia 
investigated extracts 
In the course of evaluating “the acute toxicity” 

(Table 2) of the studied extracts, it was found out that 

during “the limit test” (the administration of the studied 
objects at the dose of 5000 mg/kg, per os), neither early 
nor delayed death of animals was noted. At the same 
time, there were no significant deviations in the gener-
al condition of the animals, their behavioral activity and 
sensorimotor perception. Thus, based on the data ob-
tained during the implementation of “the limit test”, the 
main testing was not started, and the value of LD50 for 
all the studied objects was taken as 5000 mg/kg, which 
allows us to attribute the studied extracts of Actinidia 
folia to the 5th toxicity class according to the GSH-clas-
sification2.

2 Ibid
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Antioxidant activity evaluation of the studied 
Actinidia folia extracts in vivo
Based on the results of determining “the acute tox-

icity” of the studied Actinidia folia extracts, when eval-
uating the antioxidant activity in vivo, the administered 
dose of the studied objects was 100 mg/kg (p. o.). The 
results of this block of the experimental work are pre-
sented in Table 2.

Against the background of a 10-day administration 
of quercetin to the animals without a pathological back-
ground, an increase in the activity of SOD and catalase 
was notified compared to the intact animals by 31.6% 
(p<0.05) and 49.1% (p<0.05). At the same time, the cat-
alytic properties of HP in the rats treated with quercetin 
did not statistically significantly differ from those in the 
intact animals (Table 3). It should also be notified that 
when using quercetin, there was a decrease (relative to 
the intact rats) in the concentration of DC and TBA-AP in 
the blood serum of the animals by 30.3% (p<0.05) and 
32% (p<0.05), respectively. As can be seen from the data 
obtained (Table 3), the course administration of extracts 
under the codes A95, A70 and AB to the animals without 
pathology did not have a significant effect on the change 
in the pro/antioxidant balance. At the same time, when 
using A40 extract, an increase in the activity of SOD, GP 
and catalase was notified in comparison with the in-
tact rats by 23.5% (p<0.05); 10.3% (p<0.05) and 37.7% 
(p<0.05), respectively, accompanied by a decrease in the 
concentration of TBA-AP and DC by 30.5% (p<0.05) and 
32.3% (p<0.05), respectively. 

At the same time, the indicators characterizing the 
state of the pro/antioxidant balance in the animals treat-
ed with quercetin and the studied extracts of Actinidia 
folia obtained by the extraction with 40% ethyl alcohol, 
did not differ statistically significantly. It should be notified 
that the activity of SOD in the blood serum of the rats that 
had been injected with A40 extract, was 21.9% (p<0.05); 
20.8% (p<0.05) and 19.8% (p<0.05) higher than the same 
indicator in the animals treated with the studied objects 
under codes A95, A70 and AB, respectively. A catalase ac-
tivity with A40 extracts was also superior to that of the 
animals that received A70 extract, by 56.3% (p<0.05).

DISCUSSION
Reactive oxygen species (ROS) are formed in cells 

during metabolism and perform many physiological pro-
cesses, such as a regulation of cell proliferation, a micro-
circulatory blood flow, apoptosis reactions, and the gene 
expression [26].

Within certain physiological limits, the endogenous 
antioxidant defense system is designed to reduce the 
negative effect of oxidants on the body. Endogenous 
antioxidant enzymes, such as catalase, superoxide dis-
mutase, glutathione peroxidase, glucose-6-phosphate 
dehydrogenase, and glutathione reductase, provide a 
timely inactivation of ROS, preventing their negative ef-
fect on the cells [28].

At the same time, a shift in the redox status towards 
prooxidants and the insufficient activity of endogenous 
antioxidant defense enzymes contribute to the devel-
opment of the oxidative stress, which plays a significant 
role in the pathogenesis of a number of diseases: on-
copathology, diabetes mellitus, cardiovascular diseases, 
alcoholic liver dystrophy, dementia, atherosclerosis, Par-
kinson’s disease [29].

It is known that in the series of ROS, a superoxide 
radical and its derivatives (peroxonitrite), as well as the 
hydroxyl radical, have the highest cytotoxicity, which, 
through a direct destructive action and indirect reac-
tions (usually involving secondary effector systems in 
the pathological cascade, for example, ERK and MAPK 
kinase) lead to the cell death [30].

An insufficient activity of the endogenous antioxi-
dant defense and the associated increase in the amount 
of ROS, require the administration of exogenous antioxi-
dants, among which the agents of the natural origin are 
especially prominent [31].

This research was devoted to the antioxidant activ-
ity study of the extracts obtained from Actinidia folia. 
The antioxidant activity of 95%, 70% and 40% alcohol 
extracts, as well as water extracts, was evaluated using 
in vitro and in vivo approaches. Thus, when studying the 
antiradical activity (in vitro tests), it was found out that 
the highest (among the studied objects) radical-inhibit-
ing activity, comparable with the individual compound 
– quercetin, is the extraction from Actinidia arguta folia, 
obtained by the extraction with 40% ethyl alcohol. In re-
lation to DPPH; superoxide and hydroxyl radical, the IC50 
values for the given extract were 537.6±23.924 µg/mL, 
26.6±2.627 µg/mL, and 72.6±3.264 µg/mL, respective-
ly, which may indicate that this extract has reducing and 
radical scavenger properties [32].

In parallel, the study of the total content of the an-
tioxidants in terms of quercetin and gallic acid, was car-
ried out. In the Actinidia arguta folia extract obtained 
by the extraction with 40% ethyl alcohol, the maximum 
content of antioxidants was also found out.

It is known that the DPPH test is the most common ap-
proach for evaluating the acceptor properties of phenolic 
compounds. The analysis principle is based on the principle 
of the DPPH free radical reduction by accepting a hydrogen 
atom from a donor compound and converting the color 
from violet to yellow. Thus, this approach makes it possible 
to evaluate the acceptor properties of biologically active 
substances with a sufficiently high reliability [33].

At the same time, in vitro tests on superoxide and 
hydroxyl radicals are based on the ability of the analyzed 
object to suppress the formation of ROS in a model me-
dium and, accordingly, make it possible to evaluate the 
scavenger activity [34, 35].

CONCLUSION
The maximum content of antioxidants in Actinidia 

arguta folia is 0.73±0.007 and 0.47±0.005 mg/g in terms 
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of quercetin and gallic acid, respectively. The extractant 
is 40% ethyl alcohol. 

The data obtained in the in vitro test were con-
firmed in the in vivo study in which the course appli-
cation of the Actinidia arguta folia extract obtained 
by the extraction with 40% ethyl alcohol, to a degree 
comparable to quercetin, contributed to an increase 
in the activity of SOD, GP and catalase. This extract 

also contributed to the reduction of lipid peroxida-
tion products in the animals without a pathological 
background, which suggests that the studied A40 ex-
tract has a high antioxidant activity. All of the above, 
combined with a low toxicity (LD50≥5000 mg/kg, per 
os), makes this extract a promising object for a further 
study in order to create a drug with an antioxidant 
effect.
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The article presents modern scientific data on long-term clinical and pathogenetic effects of the antiviral drug Areplivir (Favi-
piravir) in patients with metabolic syndrome in the post-COVID period.
The aim of the article is to study long-term cytokine-mediated (IL-6/sIL6r and LIF/sLIFr) pathogenetic effects of the favipiravir 
(Areplivir®) based drug on the incidence of complications in patients with metabolic syndrome in the post-COVID period.
Material and methods. With the approval of the local ethics committee at the N.P. Ogarevs Mordovia State University (Pro-
tocol No. 5 dated May 17, 2020) “An open prospective comparative study of the Areplivir® (Favipiravir) drug effectiveness in 
reducing the risk of complications in the post-COVID period in patients with metabolic syndrome” in the Republic of Mordo-
via was carried out.
The study included 190 metabolic syndrome patients who received the outpatient treatment for COVID-19 at Saransk poly-
clinics from February 2021 to March 2021. The case of COVID-19 was diagnosed in accordance with the current Temporary 
Guidelines for the prevention, diagnosis and treatment of the new coronavirus infection. 
Results. The analysis of the metabolic syndrome patients’ follow-up within 1 year after undergoing COVID-19, revealed sig-
nificant differences in the incidence of complications depending on the intake of the favipiravir based drug. The patients who 
were administrated with favipiravir at the early stage of infection, were characterized by lower serum levels of four mem-
bers of the interleukin 6 family – IL-6 (IL-6, sIL6r and LIF, sLIFr) 10, 30 and 180 days after a clinical and laboratory recovery 
(p<0.001). The average statistical changes in the IL-6 /sIL6r system of the group administrated with favipiravir, were 90%, and 
they were higher than in the group not administrated with antiviral drugs. In the group of the patients administrated with 
favipiravir, there was a significant (p<0.001) positive dynamic of the sLIFr indicator, while in the comparison group, there was 
an increase in this indicator.
A protective effect of the early favipiravir use was characterized by a decrease in the frequency of cardiovascular complica-
tions, a 2.66-fold decrease in the risk of a stroke and the ACS in the post-COVID period.
Conclusion. The areplivir therapy in the acute period of coronavirus infection made it possible to timely reduce the viral load. 
It helps to correct the pro-inflammatory vector of the immune response at the post-COVID stage and, accordingly, reduces 
the risk of progression of atherosclerosis, transient cerebrovascular accidents with a cognitive decline, an endothelial dys-
function, and can be considered a secondary prevention of life-threatening cardiovascular complications.
Keywords: Areplivir; favipiravir; COVID-19; postcovid syndrome; metabolic syndrome
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Abbreviations: MS – metabolic syndrome; AH – arterial hypertension; DM – diabetes mellitus; ACVE – Acute Cerebrovascular 
Event; ACS – acute coronary syndrome; MI – Miocardial Infarction; ALT – Alanine transaminase; AST – aspartate aminotrans-
ferase; BMI – body mass index; PCR – polymerase chain reaction; ECG – electrocardiogram; VED – vital essential drugs; RNA 
– ribonucleic acid; ELISA – enzyme-linked immunoelectrodiffusion essay; CI – confidence interval; IL-6 – interleukin 6; sIL-6R 
– soluble interleukin 6 receptor; sLIFr – leukemia inhibiting factor soluble receptor; LIF – Leukemia inhibitory factor (leukemia 
inhibitory factor); iNOS – Nitric oxide synthase; inducible (inducible nitric oxide synthase); eNOS – endothelial nitric oxide 
synthase (endothelial nitric oxide synthase); ADMA – asymmetric dimethylarginine (asymmetric dimethylarginine); SDMA – 
symmetric dimethylarginine (symmetrical dimethylarginine); NO – nitric oxide; PWVcf – carotid to femoral artery pulse wave 
velocity; EchoCG – echo-cardiography; PVR – peripheral vascular resistance; GFR – glomerular filtrate rate; gp – glycoprotein; 
STAT3 – signaling protein and transcription activator of signal transducers and activators of transcription (STAT).
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В статье представлены современные научные данные в отношении отдаленных клинико-патогенетических эффектов 
противовирусного препарата Арепливир (фавипиравир) в постковидном периоде у пациентов с метаболическим синд- 
ромом. 
Цель. Изучить отдаленные цитокин-опосредованные (IL-6/sIL6r и LIF/sLIFr) патогенетические эффекты применения 
препарата на основе фавипиравира («Арепливир®») на частоту развития осложнений у пациентов с метаболическим 
синдромом в постковидном периоде.
Материал и методы. С одобрения локального этического комитета при ФГБОУ ВО «МГУ им. Н.П. Огарева» (протокол 
№ 5 от 17 мая 2020) проведено «Открытое проспективное сравнительное исследование эффективности применения 
препарата «Арепливир®» (фавипиравир) в отношении снижения риска развития осложнений в постковидном перио-
де у пациентов с метаболическим синдромом» в Республике Мордовия.
В исследование включены 190 пациентов с метаболическим синдромом, получавших амбулаторное лечение в связи 
с COVID-19 на базе поликлиник г. Саранска в период с февраля 2021 по март 2021. Диагноз COVID-19 был выставлен 
в соответствие с актуальными временными методическими рекомендациями по профилактике, диагностике и лече-
нию новой коронавирусной инфекции.
Результаты. Анализ наблюдения пациентов с метаболическим синдромом в течение 1 года после перенесенного 
COVID-19 определил достоверные отличия в частоте осложнений в зависимости от приема лекарственного препа-
рата на основе фавипиравира. Пациенты, получавшие фавипиравир на раннем этапе заражения, характеризовались 
более низким уровнем содержания в сыворотке крови четырех представителей семейства интерлейкина 6-IL-6 (IL-6, 
sIL6r и LIF, sLIFr) через 10, 30 и 180 дней после клинико-лабораторного выздоровления (р<0,001). Среднестатистиче-
ские изменения в системе IL-6/sIL6r группы, принимающих фавипиравир, составляли 90% и были выше, чем у группы 
без приема противовирусных препаратов. В группе пациентов, принимавших фавипиравир, наблюдалась значимая 
(р<0,001) положительная динамика показателя sLIFr, тогда как в группе сравнения наблюдался рост данного показа-
теля. 
Протективное действие при раннем использовании фавипиравира характеризовалось уменьшением частоты сердеч-
но-сосудистых осложнений, снижением риска развития ОНМК и ОКС в 2,66 раза в постковидном периоде. 
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Заключение. Терапия арепливиром в остром периоде коронавирусной инфекции позволила своевременно снизить 
вирусную нагрузку, что способствует корректировке провоспалительного вектора иммунного реагирования на пост-
ковидном этапе и, соответственно, снижает риск прогрессирования атеросклероза, транзиторных нарушений мозго-
вого кровообращения со снижением когнитивных функций, эндотелиальной дисфункции и может рассматриваться в 
качестве вторичной профилактики жизнеугрожающих сердечно-сосудистых осложнений.
Ключевые слова: Арепливир; фавипиравир; COVID-19; постковидный синдром; метаболический синдром
Список сокращений: МС-метаболический синдром; АГ – артериальная гипертензия; СД – сахарный диабет; ОНМК 
– острое нарушение мозгового кровообращение; ОКС – острый коронарный синдром; ИМ – инфаркт миокарда; АлТ – 
аланинаминотрансфераза; АсТ – аспартатаминотрансфераза; ИМТ – индекс массы тела; ПЦР – полимеразная цепная 
реакция; ЭКГ – электрокардиограмма; ЖНВЛП – жизненно необходимые важнейшие лекарственные препараты; РНК 
– рибонуклеиновая кислота; ИФА – иммуноферментный анализ; ДИ – доверительный интервал; IL-6 – интерлейкин 
6; sIL-6R – растворимый рецептор интерлейкина 6; sLIFr – растворимый рецептор лейкемия-ингибирующего фактора; 
LIF – лейкемия-ингибирующий фактор; iNOS –индуцибильная синтаза оксида азота; eNOS – эндотелиальная синтаза 
оксида азота; ADMA – асимметричный диметиларгинин; SDMA – симметричный диметиларгинин; NO – оксид азота; 
СПВкф – скорости пульсовой волны на каротидно-феморальном сегменте; ЭХО-КГ – эхокардиография; ОПСС – общее 
периферическое сопротивление сосудов; СКФ – скорость клубочковой фильтрации; gp – гликопротеин; STAT3 – сиг-
нальный белок и активатор транскрипции из семейства белков STAT.

INTRODUCTION
A significant proportion of people who have had 

COVID-19, suffer from persistent pathological symptoms 
that reduce the quality of life and increase the risk of dis-
ability. In a number of sources, it is referred to as post-
COVID syndrome [1–3]. Herewith, the term “post-COVID 
syndrome” has a number of limitations that do not allow 
to unambiguously consider the progression of concom-
itant diseases after SARS-CoV-2 infection, in particular, 
arterial hypertension, increased glucose levels, etc., as 
components of post-COVID syndrome [4]. The data from 
the studies analyzing cytokine-mediated mechanisms of 
non-communicable diseases immunopathogenesis (in-
cluding essential arterial hypertension (EAH) and meta-
bolic syndrome (MS) in the post-COVID period, demon-
strating the relevance of the problem, have already been 
published [5]. The changes in the cytokine regulation 
associated with complications in the post-COVID period, 
are studied by many international scientific groups [6]. 
The data on the “unexpected” increase in the levels of 
pro-inflammatory markers after 7–8 months in the pa-
tients who have undergone the SARS-CoV-2 infection as-
ymptomatically, have been presented [7]. In the severity 
of post-infection changes, heterogeneity may be also 
associated with differences in therapy during the acute 
period of COVID-19. It is known that the earliest possible 
use of etiotropic therapy is the most important thera-
peutic tactics for the timely relief of an increasing viral 
load and reducing the risk of developing a complicated 
course of the disease. Blocking the virus vital activity in 
the body due to the drugs of a direct antiviral action al-
lows, in its turn, to reduce the pathological effect of the 
virus and, accordingly, will help to reduce the severity of 
post-infection complications [8].

One of the most studied modern molecules used in 
the treatment of COVID-19 and able of suppressing the 
reproduction of RNA viruses is favipiravir (6-fluoro-3-hy-
droxy-2-pyrazinecarboxamide). The effectiveness of this 
compound has been proven against various RNA viruses 
(influenza, including strains H1N1, H5N1, H7N9, arena-

viruses, flaviviruses, alphaviruses, etc.), which has been 
demonstrated in clinical and experimental studies [9–11, 
13]. The active form of favipiravir selectively interacts 
with RdRp, is included in the emerging viral RNA chain, 
or binds to preserved polymerase domains, blocking the 
viral RNA replication, which leads to the utilization of the 
“defective” RNA and disappearance of the viral genome. 
The drug-induced “fatal” mutagenesis in widespread 
coronaviruses, as well as a selective inhibition of RdRp, 
allows us to consider favipiravir as a universal inhibitor 
of epidemiologically significant RNA-containing viruses 
– the main causative agents of seasonal ARVI [14, 15].

According to the clinical trials, in COVID-19 patients, 
the favipiravir-based direct antiviral drug Areplivir, regis-
tered in Russia and widely used, has manifested a high 
efficacy and safety in comparison with the standard 
therapy [16]. The use of favipiravir for the treatment 
of the infection caused by the SARS-CoV-2 coronavirus, 
reduces the clinical improvement period by an average 
of 4 days compared with the standard therapy, reach-
es, according to the computer tomography (CT) data, 
the lungs state improvement and eliminates the virus in 
more than 90% of patients. All these factors contribute 
to the acceleration of recovery. Timely initiation of ther-
apy with favipiravir (Areplivir) improves the prognosis of 
the disease and reduces the global socio-economic bur-
den of the current pandemic [8, 9].

The scheme of the early and effective direct etiotro-
pic favipiravir therapy at the outpatient stage, preserved 
in the Interim Guidelines1 for the Prevention, Diagnosis 
and Treatment of a New Coronavirus Infection, Version 
15, takes priority and prevents the development of se-
vere forms of infection.

The etiotropic therapy of acute respiratory viral in-
fections in a pandemic, even with a negative polymerase 
chain reaction (PCR) test for COVID-19, is reasonable in 
comorbid patients in the context of preventing the pro-
1 Interim guidelines “Prevention, diagnosis and treatment of a new 
coronavirus infection (COVID-19)”. Version No. 15 of 22 Feb 2022. 
Available from: https://static-0.minzdrav.gov.ru/system/attachments/ 
attaches/000/059/392/original/BMP_COVID-19_V15.pdf. Russian
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gression of the disease to a more severe form and the 
development of life-threatening conditions, minimizes 
the risk of post-infectious complications and improves 
the quality of patients’ life [10, 12, 16].

It is important to study the long-term effects of fa-
vipiravir not only in terms of registering clinical differ-
ences (complication rates, etc.), but also through the 
analysis of immune-regulatory mechanisms, and, most 
significantly, in the group of patients with mild and mod-
erate COVID-19 forms. Having pantropism and a proven 
importance in the COVID-19 pathogenesis, cytokines 
are relevant candidate molecules that determine post-
COVID complications. The IL-6 family is being paid addi-
tional attention: a number of researchers argue that IL-6 
is an independent predictor of severity and mortality 
from COVID-19 [17].

THE AIM of the article is to study long-term cyto-
kine-mediated (IL-6/sIL6r and LIF/sLIFr) pathogenetic 
effects of the favipiravir (Areplivir®) based drug on the 
incidence of complications in patients with metabolic 
syndrome in the post-COVID period.

MATERIALS AND METHODS
With the approval of the local ethics committee at 

the National Research Ogarev Mordovia State University 
(Protocol No. 5 dated May 17, 2020) “An open prospec-
tive comparative study of the Areplivir (Favipiravir) drug 
effectiveness in reducing the risk of complications in the 
post-COVID period in patients with metabolic syndrome” 
in the Republic of Mordovia was carried out. The study 
included 190 metabolic syndrome patients who received 
the outpatient treatment for COVID-19 at Saransk poly-
clinics from February 2021 to March 2021. The case of 
COVID-19 was diagnosed in accordance with the current 
Temporary Guidelines for the prevention, diagnosis and 
treatment of the new coronavirus infection2.

The study included patients of both sexes aged 50-
65 years with laboratory and clinically confirmed mild 
and moderate forms of the novel coronavirus infection, 
in combination with metabolic syndrome (AH, the in-
creased body mass index), established before the SARS-
CoV-2 infection. Previously, the blood pressure control 
had been reached with antihypertensive drugs and 
low-density lipoproteins (LDL) levels – with drugs from 
the statin group, in case the duration of COVID-19 before 
the prescription of treatment had lasted no more than 5 
days. Two groups were formed as follows: the patients 
who, along with the anti-inflammatory, anticoagulant 
and symptomatic therapy, were administrated with the 
antiviral drug Areplivir® at the outpatient stage during 
the acute course of COVID-19; and a comparison group 
– the patients who, according to the Temporary Guide-
lines3, were administrated with the basic anti-inflamma-
2 Interim guidelines “Prevention, diagnosis and treatment of a new 
coronavirus infection (COVID-19)”. Version No.13.1 of 09 Nov 2021). 
Available from: https://static-0.minzdrav.gov.ru/system/attachments/
attaches/000/058/211/original/BMP-13.pdf. Russian
3 Ibid.

tory, anticoagulant, symptomatic (antibacterial) therapy 
for the coronavirus infection, and did not receive, for 
various reasons, antiviral drugs.

The favipiravir based drug was administered 30 
minutes before meals p. o., according to the following 
scheme. For the patients weighing less than 75 kg – 1600 
mg (8 tablets) twice on the 1st day of therapy, then 600 
mg (3 tablets) twice per day from the 2nd to the 10th day; 
for the patients weighing more than 75 kg – 1800 mg 
(9 tablets) twice on the 1st day of therapy, then, in ac-
cordance with the instructions for use of the medicinal 
product, 800 mg (4 tablets) twice per day from the 2nd to 
the 10th day of therapy)4.

The exclusion criteria were: associated clinical condi-
tions in past medical history – acute cerebrovascular ac-
cident (CVA), myocardial infarction (MI), angina pectoris, 
coronary revascularization, renal failure, type 1 diabetes 
mellitus, autoimmune, allergic diseases, symptomatic 
hypertension, use of glucocorticosteroids, hydroxychlo-
roquine, other antiviral drugs (except Areplivir®) and / or 
immunomodulators at the outpatient stage, a history of 
vaccination for the prevention of COVID-19, a patient’s 
refusal to a long-term participation in the study.

Within one year (once every 2 months), at the post-
COVID stage, 170 patients of these groups were inter-
viewed with the registration of the post-COVID period 
features according to the developed questionnaire and 
the verification of the changes based on the outpatient 
records analysis. Within one year on days 10, 30 and 180 
after a clinical and laboratory recovery (2 negative PCR 
test results for coronavirus RNA), all patients underwent 
blood sampling with the entry into the outpatient cards 
to determine the levels of ALT, AST, blood creatinine to 
calculate glomerular filtration, as well as the LDL control. 
The patients’ characteristics at the time of the acute pe-
riod of COVID-19 are presented in Table 1. The mean age 
of patients was 59 (95% CI [50–65]) years.

Obtaining biological material (blood) for the study, 
was carried out taking into account the provisions of 
World Medical Association’s Declaration of Helsinki5 
(2013) and the protocol of the Convention of the Coun-
cil of Europe on Human Rights and Biomedicine (1999), 
taking into account the additional protocol to the Con-
vention on Human Rights and Biomedicine in the field of 
biomedical testing6 (2005). Additional blood sampling in 
this category of patients was carried out after two nega-
tive PCR results on the presence of SARS CoV-2 virus RNA 
on days 10, 60, 180 in the morning on an empty stomach 

4 State Register of Medicinal Products of the Russian Federation. 
Areplivir®. Avaialable from: https://grls.rosminzdrav.ru/ЛП-007609-
171121.
5 World Medical Association. World Medical Association Declaration 
of Helsinki: ethical principles for medical research involving human 
subjects. JAMA. 2013 Nov 27;310(20):2191-4. DOI: 10.1001/
jama.2013.281053.
6 Kholodova EI, Turshuk LD. Bioethics and Human Rights: International 
Legal Regulation and Ways of its Implementation. Actual 
Problems of Russian Law. 2017;(3):193-198. DOI: 10.17803/1994-
1471.2017.76.3.193-198. Russian
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(12 hours without eating). The blood was centrifuged, 
followed by separation of the serum and storage in 
labeled test tubes at -30°C for no more than 45 days. 
Then, the parameters were analyzed, their choice had 
been justified by the data of the previously conducted 
study of their own, including 32 cytokines and 5 vasoac-
tive substances (NO, SDMA, ADMA, iNOS, eNOS). They 
demonstrated the significance of the blood levels role of 
IL-6 family members in the pathogenesis of cardiovascu-
lar complications [5], as well as the literature data on the 
pathogenetic role of representatives of the IL-6 family in 
the pathogenesis of COVID-19 [18].

The levels of cytokines (IL-6, sIL-6r, LIF, sLIFr), as 
well as vasoactive substances (NO, SDMA, ADMA, iNOS, 
eNOS) were determined by the enzyme-linked immu-
noelectrodiffusion essay (ELISA) in the laboratory of the 
Department of Immunology, Microbiology, Virology with 
a course of clinical immunology and Allergology at the 
National Research Ogarev Mordovia State University on 
the enzyme immunoassay analyzer “Personal Lab TM” 
(Adaltis, Italy). The following test systems were used: LIF 
(eBioscience (Bender MedSystems, Austria) – the analyt-
ical sensitivity of the test system: 0.66 pg/ml, the Detec-
tion interval: 0.66–200 pg/ml; sLIF-R/gp190 (eBioscience 
(Bender MedSystems, Austria) Austria) – the analytical 
sensitivity of the test system: 0.052 ng/ml, the detec-
tion interval: 0.052–5 ng/ml; IL-6 (eBioscience (Bender 
MedSystems, Austria) – the detection interval: 0.92–100 
pg/ml, the analytical sensitivity test system: 0.92 pg/
ml; sIL-6R (eBioscience (Bender MedSystems, Austria) – 
the analytical sensitivity of the test system: 0.01 ng/ml, 
the detection interval: 0.01–5 ng/ml; NO (R&D Systems, 
USA) – the detection interval: 0.78–200 µmol/L, the an-
alytical sensitivity of the test system: 0.78-200 µmol/L; 
iNOS (USCN Life Science, Malaysia) – the detection in-
terval: 0.064–10 ng/L ml, the analytical sensitivity of the 
test system: 0.064 ng/ml; eNOS (USCN Life Science, Ma-
laysia) – the detection interval: 5.5–1000 pg/ml, the an-
alytical sensitivity of the test system: 5.5 pg/ml; ADMA 
(Imm undiagnostik, Germany) – the detection interval: 
0.0–2 µmol/l, the analytical sensitivity of the test sys-
tem: 0.04 µmol/l; SDMA (Immundiagnostik, Germany) 
– the detection interval: 0.05-4 µmol/l, the sensitivity: 
0.05 µmol/l.

Based on the results of non-invasive arteriography, 
the following indicators were analyzed: SPVkf, as well as 
calculated hemodynamic parameters with the introduc-
tion of the EchoCG data: PVR (DIN * sec / ml) = 1332 * 
Mean BP / Minute blood volume7.

Statistical processing of results
Statistical processing of the obtained data was 

carried out using Stat Soft Statistica 13.5. Results are 
7 Savitsky NN. Biofizicheskie osnovy krovoobrashcheniya i klinicheskie 
metody izucheniya gemodinamiki [Biophysical bases of blood 
circulation and clinical methods for studying hemodynamics]. Medical 
Sciences Academy of the USSR. 3rd ed., rev. and addit. Leningrad: 
Medicine. Leningrad. dept. 1974: 311 p. Russian

shown with median (Me) and percentiles (Q 0.25–Q 
0.75). The distribution of the indicators differed from 
the normal distribution of Gauss – Laplace, therefore, 
when comparing the dependent samples, the Wilcox-
on test was used; for the unrelated samples, it was 
the Mann-Whitney U-test, the Spearman’s correlation 
coefficient (significant at p<0.05). The absolute and 
relative risks were calculated with the determination 
of 95% confidence interval (CI), the sensitivity and 
specificity (χ2). A multivariate correlation analysis was 
carried out based on the construction of the Cox re-
gression model.

RESULTS
Within a year after suffering COVID-19, the obser-

vational analysis of patients with MS (AH, an increased 
body mass index) revealed significant differences in the 
incidence of complications depending on the intake 
of the drug from the favipiravir group. Thus, the pa-
tients whose therapy regimens included favipiravir at 
the outpatient stage were characterized by a decrease 
in the incidence of ACVE and ACS by 2.66 times (Table 
2). Despite the risks of concomitant diseases complica-
tions due to timely viral load relief, in a greater number 
of cases, the patients in this group compared with the 
group without antiviral therapy, retained glucose toler-
ance without taking hypoglycemic drugs and control of 
blood pressure levels without changing antihyperten-
sive drug regimens. The results obtained were statically 
confirmed based on the calculation of Pearson’s coef-
ficient and the assessment of the strength of the re-
vealed correlations. The maximum strength of the cor-
relation was determined between taking favipiravir and 
a decrease in the frequency of an increase in the LDL 
blood level when compared with the period before the 
SARS-CoV-2 infection (Table 2). That indicates a positive 
protective effect of favipiravir therapy on the patients’ 
lipid profile. Herewith, there were no significant differ-
ences in the frequency analysis of the decrease in GFR 
and an increase in ALT, AST and bilirubin (p>0.05) in the 
patients of both groups. That confirms the available 
data on a favorable safety profile of the therapy even in 
comorbid patients.

In the authors’ previous studies, a significant effect 
of changes in the level of cytokines on the pathogenesis 
of cardiovascular complications (ACVE, transient cere-
brovascular accidents with a cognitive decline, acute 
coronary syndrome) in AH patients at stage II in the post-
COVID period, was shown [5]. The recent publications 
also describe the role of members of the IL-6 family in 
the pathogenesis of COVID-19 [18]. To understand the 
immunopathogenesis of the above listed complications 
and reduce the risk of their development when using a 
favipiravir based drug in the patients in the acute stage 
of COVID-19, the content dynamics of IL-6 /sIL6r and  
LIF/sLIFr in the peripheral blood serum, was analyzed 
(Table 3).
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Table 1 – Characteristics of COVID-19 patients (Me [Q25%–Q75%]) included in the study

Parameters of patients’ anamnesis and conditions Without taking antiviral drugs at 
the outpatient stage (n=64)

Taking favipiravir at the  
outpatient stage (n=68)

Illness-term before therapy (days) 4.16 [2.17–5.22] 4.17 [2.91–4.56]
Maximum percentage of lungs damage during disease 
period (%) 12.7 [6–28.2] 8.12 [5.24–27.2]

Presence of comorbid diseases – –
АH 100% 100%
Past medical history of type 2 diabetes mellitus 40% 100%
Obesity 100% 100%
BMI 37.4 [35.2–40.4] 38.9 [36.3–42.7]
SpO2, % 97.98 [96.4–98.6] 98.1 [96.3–99]
C-, mg/l 6.43 [6.65–9.13] 5.46 [4.05–8.54]
D-dimer, ng/ml 238 [196–435] 223 [187–305]
Glucose, mmol/l 4.41 [2.8–5.2] 4.23 [2.72–5.92]
Hemoglobin, g/l 125 [112–137] 122 [117–141]

Table 2 – Analysis of correlation between complications development depending on the use of favipiravir based 
drug for COVID-19 (Ме [Q5%–Q95%]) in MS patients, in post-COVID period

Indicators Favipiravir (n=68) No antivirals (n=64)
Numbers of ACVEs and ACSs 3 12

Relative Risk 2.66 [1.23–14.1] *
(Se-0.8, Sp-0,55), χ2=6.73 (р=0.01), medium correlation

First recorded increase in blood glucose 
above 10 against the background of diet 
and / or use of hypoglycemic agents

5 13

Relative Risk 2.72 [1.03–7.2] *
(Se-0.72, Sp-0.54) χ2=4.7 (р=0.031), medium correlation

Changing antihypertensive therapy 
regimen due to its inefficiency 9 27

Relative Risk 3.19 [1.63–6.25]*
(Se-0.75, Sp-0.61) χ2=13.9 (р<0.001), relatively strong correlation

Increase in LDL levels 9 24

Relative Risk 2.83 [1.43–5.62]*
(Se-0.73, Sp-0.6) χ2=10.3 (р=0.002), medium correlation

Increase in ALT, AST, bilirubin 6 5

Relative Risk 0.88 [0.28–2.76]
(Se-0.45, Sp-0.51) χ2=0.044 (р=0.83), insignificant correlation

Decrease in GFR 6 4

Relative risk 0.7 [0.21–2.39]
(Se-0.4, Sp-0.51) χ2=0.31 (р=0.58), insignificant correlation

Note: * – significant difference in the analysis of risk ratios.

Table 3 – Dynamics of changes in the content of IL-6 family cytokines depending on the intake of favipiravir 
based drug for COVID-19 Me [Q25%–Q75%], in MS patients in post-COVID period

Therapy Favipiravir (n=68) No antivirals (n=64)
Period In 10 days In 30 days In 180 days In 10 days In 30 days In 180 days

IL-6, pg/ml 24.2
[22.8–27.3]

16.8*1

[14.1–21.4]
13.1*1,2

[10.7–16.3]
34.2 *1

[28.5–36.7]
25.9*2,4

[23.8–31.2]
25.1 *3,4

[22.9–31.1]

sIL-6r, pg/ml 2160
[1548–2430]

1850’1

[1240–2060]
1615*1^2

[1470–1820]
3100 *1

[2330–3470]
3620 *2,4

[2980–4634]
2971 *3,5

[2156–3365]

LIF, pg/ml 9.17
[8.23–11.3]

7.22
[6.2–9.24]*1

7.47
[6.15–9.12]*1

12.3
[10.3–14.8]*1

15.7*2,4

[12.7–19.5]
15.5*3,4

[11.2–18.7]

sLIFr, pg/ml 3520
[2980–4260]

4100’1

[3420–4900]
2800 *1,2

[2170–3120]
4810*1

[3970–5530]
6200*2,4

[4500–7610]
7460 *3,4,5

[6120–9400]
Note: * –  p<0.001, ^ – p<0.01, ‘– p<0.05 – significance level in accordance with the specified group based on the Wilcoxon test for related 
populations and the Mann-Whitney U-test for unrelated populations.
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Table 4 – Influence analysis of IL-6, sIL-6, LIF, LIFr contents in patients with stage II MS on the incidence  
of complications (95% CI) within 1 year after suffering COVID-19

Variables Beta Standard t-value Exponent
Beta Wald P

IL-6 (>23.8 pg/ml) 1.07 0.63 1.69 2.17 2.73 0.062
sIL-6r (>2212 pg/ml) 1.17 0.67 1.77 1.38 2.34 0.072
LIF (>9.78 pg/ml) 1.12 0.79 1.95 2.04 1.6 0.093
sLIFr (>5074 pg/ml) 2.29 0.33 6.93 4.75 13.3 0.009

Note: Cox regression model and multivariate analysis are presented.

Table 5 – Correlation matrix of cytokine content in peripheral blood serum and hemodynamic parameters  
in MS patients in post-COVID period 

Interleukine
Indicators IL-6 sIL-6r LIF sLIFr

NO 0.64. р<0.05 0.46 р>0.05 0.49 р<0.05 –0.47 р<0.05
ADMA 0.52. р>0.05 0.4 р>0.05 0.58 р<0.05 0.86 р<0.001
SDMA 0.34. р>0.05 0.29 р>0.05 0.16 р>0.05 0.88 р<0.001
eNOS –0.62 р<0.05 –0.67 р<0.05 –0.12 р>0.05 –0.72 р <0.001
iNOS 0.78 р<0.001 0.49 р>0.05 0.51 р<0.05 0.36 р>0.05
PVR 0.55 р<0.05 0.39 р>0.05 0.89 р<0.001 0.81 р<0.001
PWVcf 0.51 р<0.05 0.34 р>0.05 0.51 р<0.05 0.87 р<0.001

The table shows that the patients administrated with 
Areplivir at the early stage of infection, were character-
ized by lower serum levels of the four members of the 
IL-6 family (IL-6, sIL6r and LIF, sLIFr) 10 days after their 
clinical and laboratory recovery (p<0.001). This pattern 
persisted 30 and 180 days after COVID-19. Significant dif-
ferences in the dynamics of cytokine parameters were 
revealed. In the patients administrated with Areplivir in 
past medical history, a dynamic decrease in IL-6 and its 
soluble receptor is recorded both in the interval from 
day 10 to day 30 (by 31 and 25%, respectively) and from 
day 30 to day 180 (by 19 and 23%, respectively) after suf-
fering COVID-19. In the persons not administrated with 
antiviral drugs, the dynamics was different: a decrease 
in IL-6 from day 10 to day 30 by 24% (p<0.01), but there 
was no dynamics from day 30 to day 180 (p>0.05). The 
concentration of sIL-6r in the blood was characterized by 
an increase by 24% in the interval from day 10 to day 30 
(p<0.001) and a decrease up to the level of day 10 in the 
period from day 30 to day 180 (Table 3). The presented 
average statistical patterns of changes in the IL-6 /sIL6r 
system are typical for 90% (77 people out of 86) from 
the group taking the favipiravir based drug during the 
COVID-19 period, and 85% (54 people out of 64) from 
the group not taking antiviral drugs. The differences 
were statistically significant (p<0.01).

Thus, the advisability of the early etiotropic favipira-
vir based therapy was also shown in terms of reducing 
the risk of developing long-term consequences of the 
coronavirus infection.

In the comparison of groups, the indicators analysis 
of the LIF system and its soluble receptor revealed multi-
directional dynamics of changes. The patients taking the 

favipiravir-based drug are characterized by a decrease 
in serum LIF from day 10 to day 30 by 22% (p<0.001), 
but there was no further decrease from day 30 to day 
180. The patients without taking antiviral drugs in past 
medical history were characterized by an increase in 
peripheral serum LIF content in the period from day 10 
to day 30 by 22% (p<0.001), without dynamics – from 
day 30 to day 180. In the favipiravir group, there was a 
slight increase in the sLIFr levels from day 10 to day 30 
by 24%, with a pronounced decrease by 32% (p<0.001) 
from day 30 to day 180. In the group without favipira-
vir in past medical history, there was an increase in the 
content of sLIF in the blood serum from day 10 to day 30 
by 23% and from day 30 to day 180 by 17%, (p<0.001). 
It is important to note the importance of the analysis of 
patients’ individual indicators. Thus, in the group with an 
official favipiravir intake in past medical history, 4 out of 
68 patients were characterized by individual dynamics 
corresponding to the patients without antiviral drugs. 
There was an increase in the sLIFr serum by 23% from 
day 10 to day 30 and by 21% from day 30 to day 180; 3 
of them suffered a stroke during the next 6 months of 
the observation. Herewith, in 10 patients from the group 
without favipiravir in past medical history, there was an 
increase in sLIFr by 54% from day 10 to day 30 and by 
48% from day 30 to day 180; 8 of them suffered ACVE 
and ACS in the subsequent observation period. The data 
obtained confirm the hypothesis of a negative impact of 
the growth of the above listed indicators on the progno-
sis, and serve as a rationale for the positive pathogenetic 
effect of the early favipiravir therapy on reducing the risk 
of ACVE and ACS in the post-COVID period even in the 
patients with comorbid conditions.
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Taking into account the identified potential corrella-
tions between the degree of increase in the content of 
IL-6 family cytokines in the blood serum and the risk of 
complications in the post-COVID period, a multivariate 
correlation analysis was carried out in order to identify 
the most significant marker for the development of car-
diovascular complications of the coronavirus infection. 
The critical levels for entering the analyses system were 
determined based on the interquartile analysis data (Ta-
ble 4). The obtained results demonstrate an increase in 
the blood serum of MS patients in the post-COVID pe-
riod of the sLIFr level, which has the greatest influence 
(among the IL-6representatives) on the increase in the 
risk of developing cardiovascular complications during a 
year after COVID-19. The above-described pathological 
processes are observed in the group of patients without 
taking antiviral drugs in past medical history. In order 
to construct a potential pathogenetic scheme, taking 
into account MS as a symptom complex on the basis of 
which, after COVID-19, cardiovascular complications de-
veloped in some patients, an analysis of the correlations 
of the analyzed cytokines with vasoactive substances 
(NO ADMA, SDMA, eNOS, iNOS) and indicators, reflect-
ing peripheral vascular resistance – OPSS and PWVcf, 
was made (Table 5). ADMA and SDMA are markers of 
the endothelial dysfunction and blockers of the NO syn-
thesis by reducing the eNOS formation [19]. ADMA acts 
as an oxidative stress mediator by downregulating eNOS 
and uncoupling NO synthesis pathways [20], increasing 
the expression of inflammatory genes. It was fouare nd 
out that in MS patients in the post-COVID period, the 
most pronounced (p<0.001) relationships are between 
an increase of sLIF in the peripheral blood serum and 
the levels of conditioned vasopressors ADMA and SDMA 
with a secondary decrease in the vasorelaxant eNOS, as 
well as an increase in the functional parameters of TPVR 
and PWVcf. Symmetrical correlation lines but of lesser 
strength (p<0.05) were registered for LIF. It is important 
to note that IL-6 blood levels are directly associated with 
an increase in iNOS (p<0.001) without correlation with 
ADMA and SDMA (p>0.05). The presented data demon-
strate the potential of the early antiviral therapy in 
terms of blocking the post-COVID immunopathogenetic 
vector – “COVID-19 in anamnesis-growth of IL-6 family 
members-increase in vasopressors-decrease in-eNOS in-
duced nitric oxide.”

DISCUSSION
The problem of complications development in co-

morbid patients in the post-COVID period is becoming 
increasingly relevant [21]. At the same time, persistent 
endotheliopathy during recovery is not limited to those 
who have experienced severe COVID-19 [21], which up-
dates the information obtained in the present study. An 
important aspect is the analysis aimed at identifying the 
factors of the acute infectious period, such as compo-
nents of therapy and / or the use of additional methods 

for assessing the laboratory / functional characteristics 
of the pathological process, which are associated with 
a change in the incidence of complications after suffer-
ing COVID-19. A dynamic observation of patients for 1 
year in the post-COVID period, demonstrates a decrease 
in the frequency of both cardiovascular complications 
(ACVE, transient cerebrovascular accidents with a cog-
nitive decline, acute coronary syndrome), and the risk 
of increased blood glucose and LDL levels, the growth 
of which is a prognostic marker for the development 
of cardiovascular complications. These effects are un-
doubtedly pathogenetically associated with a decrease 
in the viral replication and viral load [22–26] with a sec-
ondary blocking of the components of a potentially ex-
cessive cytokine response, which was demonstrated in 
this study using representatives of the IL-6 family as an 
example.

It is important to note that the study included only 
MS patients under clinically comparable COVID-19 medi-
cal treatment, regardless of taking an antiviral drug. But a 
deeper study of a cytokine regulation of the post-COVID 
period revealed fundamental differences in this group. 
Higher peripheral blood serum levels of both IL-6 and its 
soluble receptor (sIL-6r), which expands the spectrum 
of cells sensitive to this cytokine (endothelial cells are a 
significant component in the development of hyperten-
sion), express gp130 and not IL-6R. Therefore, these cells 
can respond to IL-6 only in the presence of sIL-6R [27], 
which is pathogenetically associated with a decrease in a 
significant NO vasorelaxant that determines the progres-
sion of atherosclerosis and an endothelial dysfunction 
with changes in the vascular tone (the study revealed 
the relationship of this cytokine with PVR and PWVcf). At 
the same time, it is important to note the change in the 
dynamic characteristics of IL-6: in the patients taking fa-
vipiravir during the acute infection period, a decrease in 
this cytokine in the blood is observed from day 10 to day 
180 in the post-COVID period. At the same time, in the 
group without antiviral drugs, despite a decrease in the 
concentration of IL-6 in the first 30 days, a “plateau” is 
subsequently recorded, and the decrease in the level of 
the “dangerous” cytokine stops at the values that exceed 
those in the group with favipiravir. Moreover, persistent 
elevated levels of IL-6 are accompanied by an increase 
in soluble IL-6 receptor up to day 30 in the post-COVID 
period. Thus, the absence of the etiotropic therapy in 
the acute period of an infectious disease increases the 
risk of the components progression of the metabolic 
syndrome (AH, dyslipidemia, etc.).

The data on a long-term increase in IL-6 (3 or more 
months) in the post-COVID period and the association 
of this imbalance with symptoms of chronic fatigue, 
headaches, and changes in the metabolic processes 
of the brain indicating a greater degree of severity in 
women, have been published [28]. So, in the study by 
Durstenfeld M.S. et al., a hypothesis about the signifi-
cance of the drugs aimed at blocking IL-6 in the post-
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COVID period and indicating the importance of study-
ing all immunopathophysiological processes associated 
with the IL-6 family, is expressed [29]. In particular, IL-6 
itself promotes myocardial hypertrophy through the 
gp130 stimulation, activates the transcription through 
STAT3, causing adverse effects on the progression of a 
heart failure [30, 31] and hypertension as an MS com-
ponent. A long-term pronounced physiological decrease 
in IL-6 observed in the patients taking Areplivir at the 
early stages of a COVID infection, indicates a decrease in 
the risk of developing not only life-threatening diseases 
(a heart failure, ACVE, etc.), but also the conditions that 
sharply worsen the quality of patients’ life (chronic fa-
tigue, headaches, etc.).

The data on changes in the LIF/sLIFr system due to 
their multidirectional dynamics in the post-COVID period 
in MS patients, depending on the past medical history 
of taking a favipiravir-based drug, are of great interest. 
LIF is a pleiotropic cytokine of the IL-6 family, the effect 
of which depends on the localization of the target cells 
[29]. The role of LIF in the regulation of the cardiovas-
cular system has been described [29]. In the first month 
after COVID-19, an increase in the LIF and sLIFr periph-
eral blood serum is blocked in the group of patients tak-
ing a favipiravir-based drug, while in MS patients who 
did not undergo the antiviral therapy; an increase in the 
level of the above-mentioned indicators is recorded. At 
the same time, the data on the LIF effect on the vas-
cular wall in AH are controversial [32,33], since against 
the background of the increased blood pressure, the 
LIF effects are distorted with the abolition of protection 
against the myocardium and endothelium. According to 
the data presented in the article, LIF correlates with the 
NO, SDMA level, thereby confirming the previously put 
forward hypothesis about the negative effect of this cy-
tokine growth in the blood serum of patients with hyper-
tension, including the ones within MS.

When analyzing the relationships between the stud-
ied cytokines and the frequency of cardiovascular com-
plications, a multivariate correlation analysis revealed 
the priority of an increase in sLIFr in the peripheral blood 
serum as a risk marker of the developing ACVE and MI. 
sLIFr is a factor with a potentially antagonistic effect on 
LIF [34]. At the same time, in the earlier studies, there 
were the data on potential intrinsic sLIFr effects which 
have been undeservedly not studied [35,36] though 
their search is relevant. Previously, the research group 
published the data [37] demonstrating negative dose-de-
pendent sLIF effects (at the level of more than 4800 pg/
ml) on the AH progression, including the ones through 
positive correlations with SDMA and ADMA. That has 
also been confirmed in MS patients in the post-COVID 
period. In the patients without the antiviral therapy, the 
quantitative characteristics of the sLIF content in the 
post-COVID period correspond to a pathogenetically crit-
ical level (more than 4800 pg/ml) with a further increase 
and a correlation with an increase in SDMA and ADMA 

against the background of a decrease in NO and eNOS. 
That was clinically accompanied by a deterioration in the 
severity of the metabolic syndrome components.

It should be noted that an important component of 
the study was the analysis of hepatorenal complications. 
Their frequency did not differ in the groups of patients 
who received and the ones who did not receive favipira-
vir, which indicates a high safety profile of the therapy.

The most important protective effect of the early 
etiotropic therapy based on favipiravir is a significant 
reduction in the incidence of cardiovascular complica-
tions (ACS, ACVE) in the post-COVID period, which can 
be explained by blocking the components of the ana-
lyzed vector: “the iNO-dependent progression of the 
endothelial dysfunction – tissue remodeling of the car-
diovascular complex – cardiovascular complications”. 
According to Merkler A.E. et al. [38], the frequency of 
cerebral strokes in the post-COVID period reaches 1.6% 
and is 8 times higher than the frequency of similar com-
plications in patients with influenza. It is assumed that 
this is due to the development of the acute endothelial 
dysfunction and a shift of hemostasis to the procoagu-
lant side in COVID-19. Taking into account the number 
of patients who have survived a novel coronavirus infec-
tion, and the cost of one completed case of treating a 
patient with an ischemic stroke8, the economic burden 
of ACVE alone associated with the suffered COVID-19 
may be more than 20 billion rubles over the past pan-
demic period. Taking into account the above-mentioned 
results of the present study, the earlier administration 
of the favipiravir-based etiotropic therapy is appropriate 
not only clinically, but also pharmacoeconomically, by 
minimizing the risks of post-COVID complications, espe-
cially in comorbid patients.

CONCLUSION
It is important that the COVID-19 therapy regimen 

determines not only the risk of a severe and an extreme-
ly severe course of an infectious disease, but can directly 
affect the risk of both the progression of the patient’s 
concomitant diseases and the development of new 
pathological conditions in the post-COVID period.

The Areplivir therapy in the acute period of the 
coronavirus infection allows a timely reduction of the 
viral load, which contributes to the correction of the 
pro-inflammatory vector of the immune response at the 
post-COVID stage. Accordingly, it reduces the risk of the 
atherosclerosis progression, transient cerebrovascular 
accidents with a cognitive decline, an endothelial dys-
function, and can be considered as a secondary preven-
tion of cardiovascular complications.

The study provides valuable information on the 
complication patterns seen in after COVID-19 patients in 
8 Decree of the Government of the Russian Federation of December 7, 
2019 Nо.1610 “On the Program of State Guarantees of Free Provision 
of Medical Care to Citizens for 2020 and for the Planning Period of 
2021 and 2022” (with amendments and additions). Available from: 
https://base.gar. Russian
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clinical practice, and strengthens the evidence that the 
favipiravir-based drug can be considered in the context 
of a positive effect on minimizing the symptoms in the 
post-COVID period.

Taking into account the frequency of decrease in IL-6 

levels in the study drug group, it can be concluded that 
etiotropic therapy in the early stages helps to reduce the 
risk of life-threatening conditions and postcovid compli-
cations by 82% during the first year after COVID-19 in 
comorbid patients.
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