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The aim. To analyze and summarize the available results of experimental and clinical scientific studies of synthetic analogs 
of leu-enkephalin; to evaluate the expansion of the spectrum of application of the original medicine based on hexapeptide 
succinate in patients with various diseases of different etiologies.
Materials and methods. An analysis of scientific literature data in the PubMed, eLibrary.ru and CyberLeninka databases was 
carried out. The search depth was 50 years (from 1976 to 2024), the list of references includes 60 scientific papers.
Results. It was revealed that receptors for endogenous opioid peptides are widespread in living organisms. Modern 
neuropharmacology recognizes 4 main types of opioid receptors: μ (MOR) — mu, δ (DOR) — delta, κ (KOR) — kappa and 
NOP — nociceptive receptor, which bind to endogenous opioids such as enkephalins, endorphins, endomorphins, dynorphins 
and nociceptin. Due to their antioxidant, immunomodulatory, and anti-inflammatory properties, analogs of opioid peptides 
are widely used in Russian medicine. A number of experimental and clinical studies are presented, to prove that agonists of 
delta-opioid receptors can “soften” organ damage in a variety of diseases accompanied by oxidative stress and endothelial 
dysfunction. The dose-dependent regulatory effect is realized with intravenous, intramuscular and intranasal administration. 
The therapeutic efficacy of leu-enkephalin analogs based on tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine is analyzed, 
and the prospects for using the new original Russian medicine Ambervin® Pulmo with the inclusion of succinic acid salts are 
also discussed.
Conclusion. The information on the functional properties of leucine-enkephalin analogs presented in the article indicates 
broad prospects for the use of medicines based on tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine with the inclusion of 
succinic acid salt in the complex therapy of many diseases for the purpose of organ protection.
Keywords: delta opioid receptor; leucine-enkephalin analogs and derivatives; tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-
arginine diacetate (dalargin); succinate; acute respiratory distress syndrome; cytokine storm; COVID-19; organ protection; 
ischemia-reperfusion
Abbreviations: WHO — World Health Organization; ARVI — acute respiratory viral infection; ACE 2 — angiotensin-converting 
enzyme 2; ARDS — acute respiratory distress syndrome; OP — opioid peptides; IL — interleukin; TNF — tumor necrosis 
factor; CHD — coronary heart disease; LPO — lipid peroxidation.
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Цель. Проанализировать и обобщить имеющиеся результаты экспериментальных и клинических научных 
исследований синтетических аналогов лей-энкефалина и оценить возможности расширения спектра применения 
оригинального препарата на основе сукцината гексапептида в перспективе у пациентов с заболеваниями различной 
этиологии. 
Материалы и методы. Проведён анализ данных научной литературы в базах PubMed, eLibrary.ru и CyberLeninka. 
Глубина поиска составила 50 лет (с 1976 по 2024 гг.), список литературы включает 60 научных работ.
Результаты. Установлено, что благодаря антиоксидантным, иммуномодулирующим, противовоспалительным 
свойствам, аналоги опиоидных пептидов широко применяются в России и за рубежом. Приведён ряд 
экспериментальных и клинических исследований, который доказывает, что агонисты δ-опиоидных рецепторов 
могут «смягчать» повреждения органов при самых разных заболеваниях, сопровождающихся оксидативным 
стрессом и эндотелиальной дисфункцией. Установлено, что их дозозависимый регуляторный эффект реализуется при 
внутривенном, внутримышечном и интраназальном введении. Проанализирована терапевтическая эффективность 
аналогов лей-энкефалина на основе тирозил-D-аланил-глицил-фенилаланил-лейцил-аргинина и отражены 
перспективы использования в клинической практике нового оригинального отечественного лекарственного 
препарата Амбервин® Пульмо с включением солей янтарной кислоты. 
Заключение. Информация о функциональных свойствах аналогов лейцин-энкефалина, представленная в обзоре 
научных публикаций, свидетельствует о широких перспективах применения лекарственных препаратов на основе 
тирозил-D-аланил-глицил-фенилаланил-лейцил-аргинина с включением соли янтарной кислоты в комплексной 
терапии различных заболеваний с целью органопротекции. 
Ключевые слова: дельта-опиоидный рецептор; аналоги лейцин-энкефалина и производные; тирозил-D-аланил-
глицил-фенилаланил-лейцил-аргинина диацетат (даларгин); сукцинат; острый респираторный дистресс-синдром; 
цитокиновый шторм; COVID-19; органопротекция; синдром ишемии-реперфузии
Список сокращений: ВОЗ  — Всемирная организация здравоохранения; ОРВИ  — острая респираторная вирусная 
инфекция; АПФ 2 — ангиотензинпревращающий фермент 2; ОРДС — острый респираторный дистресс-синдром; ОП — 
опиоидные пептиды; ИЛ  — интерлейкин; ФНО  — фактор некроза опухоли; ИБС — ишемическая болезнь сердца; 
ПОЛ — перекисное окисление липидов.
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INTRODUCTION
The COVID-19 pandemic was officially declared 

over by the World Health Organization (WHO) in May 
2023, but periodic, including seasonal, increases in the 
incidence of this infection continue to pose a threat 
to the health of all mankind1. Cases of the disease 
that require hospitalization and lead to death are still 
registered. A key problem is the rapid evolution of 
the virus: emerging variants of SARS-CoV-2 strains are 
increasingly resistant to immune protection formed 
after previous infections or vaccination.

The virus binds to the angiotensin-converting 
enzyme 2 (ACE2) receptor on the cell surface and 
penetrates inside, using cellular mechanisms to 
replicate its genome and synthesize viral particles. 
This process initiates an inflammatory response 
with activation of immune cells and release of 
pro-inflammatory cytokines, which leads to the 
development of inflammation in the affected  
tissues [1, 2].

The variety of clinical manifestations in the acute 
period of the disease is due to the fact that ACE2 
is the main entry receptor for SARS-CoV-2, which is 
expressed on the membranes of cells of various organs 
and tissues. Cells of the mucous membrane of the oral 
and nasal cavities, lungs, heart, digestive tract, liver, 
kidneys, spleen, brain, as well as the walls of blood 
vessels can be affected, which explains the significant 
spectrum of potential organ damage during SARS-CoV-2 
infection [1, 2].

Recent studies have shown that some symptoms 
can persist for a long time after an infection. This 
condition, which can develop both in patients with a 
mild course of COVID-19 and in those who have had 
the disease in a severe form, affecting various organs 
and systems, including the respiratory, cardiovascular, 
nervous, gastrointestinal and musculoskeletal systems, 
was called “Long COVID” and was recognized by the 
scientific community. The most common symptoms 
of Long COVID are fatigue, shortness of breath, heart 
disorders, cognitive disorders, including problems 
with memory and concentration, sleep disturbance, 
symptoms of post-traumatic stress disorder, myalgia 
and headaches [1].

1 After the end of the international public health emergency, WHO/
Europe launches a plan to move to a new stage of action in connection 
with COVID-19. Available from: https://www.who.int/europe/
ru/news/item/12-06- 2023-with-the-international-public-health-
emergency-ending--who-europe-launches-its-transition-plan-for-
covid-19. Russian

It is known that the deterioration of patients 
against the background of a new coronavirus infection 
SARS-CoV-2 with an increase in the content of 
cytokines, which can lead to complications such as 
pneumonia and acute respiratory distress syndrome 
(ARDS) [2, 3]. In turn, the outcome of these conditions 
can be multiple organ failure and death.

Oxidative stress and endothelial dysfunction 
underlie many severe diseases of various etiologies and 
lead to damage to organs and tissues at the cellular 
level. In this regard, the search for effective anti-
inflammatory drugs with organoprotective properties 
has become an especially urgent task during the 
COVID-19 pandemic and continues to be one of the 
most sought-after requests of the medical community. 
Safety of a wide range of doses, high efficiency and a 
minimum number of adverse reactions are the main 
requirements for medicines. It is known that analogues 
of opioid peptides (OPs), which meet these parameters, 
are used in clinical practice in Russia [4].

Currently, sufficient evidence has already been 
accumulated that agonists of delta-opioid receptors 
can mitigate damage to various organs. Synthetic 
analogues of leu-enkephalin have found application in 
schemes of pathogenetic therapy for many diseases: 
gastric and duodenal ulcers, pancreatitis, pneumonia 
of various origins, COVID-19, ARDS, metabolic and 
toxic and chemical liver damage, multiple organ failure 
syndrome, septic shock, ischemic stroke, myocardial 
infarction. Despite the heterogeneity of the etiology 
of diseases in which synthetic analogues of leu-
enkephalins were used and the unclear mechanism 
of their action, they demonstrated pronounced 
organoprotective properties, which was shown in 
numerous experimental and clinical studies. The 
development of drugs based on regulatory peptides 
today is one of the promising areas and allows 
expanding the range of their use in various diseases.

THE AIM. To analyze and summarize the available 
results of experimental and clinical studies of synthetic 
analogues of leu-enkephalin and to evaluate the 
expansion of the spectrum of application of the original 
drug based on hexapeptide succinate in the future in 
patients with various diseases, regardless of etiology.

MATERIALS AND METHODS
PubMed, CyberLeninka, eLibrary.ru search 

databases were used. The following keywords were 
used for the search: opioid receptor; leu-enkephalin, 
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leucine  /  analogs and derivatives; tyrosyl-D-alanyl-
glycyl-phenylalanyl-leucyl-arginine / dalargin; succinate; 
acute respiratory distress syndrome; cytokine storm; 
COVID-19; organ protection; ischemia-reperfusion 
injury.

A simple search for “leu-enkephalin” in PubMed 
(as of July 11, 2024) showed about 30,000 results. The 
peak of publication activity on the keywords “opioid 
receptor” or “opioid peptide” is noted in the 2000s 
and 2010s. For example, in 1986, about 700 articles 
were found for these requests, while in 2016 — 2500, 
and in 2021 — 2800. The number of articles on “opioid 
peptide” is stable at hundreds per year. In 2024 (data 
until July 11, 2024),  >  300 articles have already been 
published on this request.

The search depth was 50 years (from 1976 to 
2024). Most studies were conducted on experimental 
models in vitro or models in vivo.

RESULTS AND DISCUSSION

Preclinical studies
In vitro studies
Opioids are natural, synthetic or semi-synthetic 

chemical compounds that interact with opioid 
receptors, causing analgesia and other physiological 
effects [5]. Their clinical use began after the isolation of 
morphine from opium poppy (Papaver somniferum L.)  
in 1806. Among the alkaloids of opium, morphine  
(10–15  %), codeine (1–3  %), noscapine (4–8  %), 
papaverine (1–3  %) and thebaine (1–2  %) are of 
pharmacological significance  [6]. These exogenous 
ligands bind to the same receptors as endogenous OPs, 
including enkephalins, endorphins, endomorphins, 
dynorphins and nociception / orphanin.

The hypothesis about the existence of opioid 
receptors was first proposed in the 1950s, but 
experimental evidence of their diversity was obtained 
only in the 1970s when studying the mechanisms of 
action of analgesics. Thus, the first two types of opioid 
receptors were discovered, which were named after the 
drugs used in these studies to distinguish them: mu (μ)  
for morphine and kappa (κ) for ketocyclazocine  [7]. 
The third type of opioid receptors was found in the vas 
deferens of mice: its pharmacological profile differed 
significantly from previously identified (μ and κ) and 
was named delta (δ) to indicate this difference  [8]. 
Together μ, κ and δ, opioid receptors (MOR, KOR, 
DOR, respectively) are considered classical opioid 
peptide receptors based on their structural homology 

and sensitivity to the non-selective opioid receptor 
antagonist — naloxone [9].

Later, a fourth type of receptor was identified, 
structurally homologous to classical opioid receptors, 
but not sensitive to traditional opioid ligands [10]. After 
the discovery of its endogenous ligands (nociceptin [11] 
and orphanin  [12]) the receptor known as NOR 
(nociceptin receptor). Despite structural similarity, NOR 
is often excluded from the classical group due to its 
insensitivity to naloxone.

The four main families of endogenous OPs 
demonstrate preferential activity against the 
corresponding receptor systems: β-endorphins 
(MOR), dynorphins (KOR), enkephalins (DOR) and 
nociception  /  orphanin (NOR)  [13]. However, both 
endogenous and exogenous opioids rarely exhibit 
absolute selectivity and more often activate different 
types of receptors [14].

Opioid receptors are widely represented in the CNS 
and peripheral nervous system  [15]. In the periphery, 
they are expressed in the lungs, heart, kidneys, small 
intestine and pancreas, modulating organ functions, 
inflammatory processes and homeostasis  [16]. 
Additional localization includes neuroendocrine 
cells (adrenal glands, pituitary gland), immune cells 
(leukocytes) and ectodermal cells, where opioid 
receptors are involved in the regulation of nociception 
and inflammation  [5]. Signal transduction is carried 
out through interaction with endogenous ligands 
(β-endorphins, dynorphins, enkephalins, nociceptins), 
ensuring the maintenance of homeostasis under 
physiological conditions.

The importance of OPs in the regulation of 
physiological systems was consistently revealed in 
the second half of the XX to early XXI century. Initially, 
their action was associated exclusively with the CNS 
through μ-, δ- and κ-receptors  [14, 17], but later their 
peripheral effects were revealed, including modulation 
of the immune response (for example, met-enkephalin 
in rheumatoid arthritis)  [18, 19]. OPs are formed 
from three main precursors (proopiomelanocortin, 
proenkephalin, prodynorphin) by proteolytic 
processing with subsequent modifications (acetylation, 
phosphorylation), which determine their activity [20].

Peripheral effects (decreased peristalsis, 
modulation of inflammation) are mediated by all 
receptors: MOR — respiratory depression, constipation; 
DOR — cardioprotection, antidepressant effect; KOR — 
sedation, mood modulation, diuresis; NOR — mediates 
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bipolar pain effects: hyperalgesia (low doses) and 
analgesia (high doses)  [21]. In addition, two subtypes 
of δ-receptors are known that bind to enkephalins 
(the precursor of which is proenkephalin). They play 
an important role in analgesia and reducing gastric 
motility [20, 22].

The opioid system is considered one of the most 
complex neurotransmitter systems of the body, 
playing the most important role in main biological 
processes. The use of exogenous opioids for analgesia 
has limitations due to their undesirable side effects, 
including sedation, respiratory depression and 
constipation. However, experiments have shown 
that drugs that bind to δ-opioid receptors (DOR) do 
not have side effects on the respiratory system and 
gastrointestinal tract. Activation of DOR enhances 
signals that promote survival and reduces oxidative 
damage to neurons  [23], and activation of DOR 
reduces ion imbalance caused by hypoxia  [24]. It has 
been shown that the degree of respiratory depression 
depends on the stimulated receptor: MOR causes a 
more significant decrease in respiratory rate than DOR 
and KOR [25]. Thus, the development of drugs specific 
to DOR may be clinically useful.

Recent studies show that enkephalins act as 
modulators of cardiac function and play a vital role 
in aging, ischemic preconditioning, heart failure and 
hypertension  [26]. The biological activity of peptides 
is largely determined by their post-translational 
modifications, such as acetylation, phosphorylation, 
methylation and glycosylation  [27, 28]. Of particular 
interest are OPs  — endorphins and enkephalins 
are actively involved in the regulation of immune 
processes. Their synthesis is carried out by various 
cells of the immune system, including macrophages, 
lymphocytes, monocytes and mast cells [29].

The production of these peptides is under cytokine 
control: in particular, the level of enkephalin increases 
under the influence of interleukin-4 (IL-4), IL-10 and 
transforming growth factor beta (TGF-β) [30, 31].

Different classes of peptides demonstrate 
multidirectional effects on antibody formation 
in inflammation models, while α-endorphin and  
leu-enkephalin suppress this process, β-endorphin 
enhances it by 2–3 times [32].

The effect of OPs on immune reactions is 
characterized by dose dependence: physiological 
concentrations stimulate immunity; high concentrations 
suppress for it [33]. The study by S.V. Gein et al. (2020) 

demonstrated their modulating effect not only on 
the humoral, but also on the cellular component 
of immunity, including the functional activity of NK 
cells, proliferation of T-effectors and chemotaxis of 
leukocytes: β-endorphin increases the activity of NK 
cells through MOR receptors, and enkephalins inhibit 
the proliferation of T-lymphocytes [34].

An important aspect is the participation of OPs in 
regenerative processes. It has been established that 
leukocytes enhance the synthesis of endorphins in 
the focus of inflammation, which in turn stimulate 
the phagocytic activity of neutrophils  [35]. In 
addition, increased secretion of enkephalins by 
immunocompetent cells also enhances the bactericidal 
activity of blood serum [36].

In vivo studies
According to the study by C.W. Tang et al., 

experimental administration of leu-enkephalin at 
a dose of 5 mg/kg increased the survival rate of 
laboratory animals. It has been shown that this effect is 
associated with a decrease in serum levels of not only 
“early” pro-inflammatory cytokines (TNFα, IL-1), but 
also the “late” mediator of inflammation is HMGB1. 
It is important to note that the effectiveness of OPs 
persisted both at the initial stage of development of the 
septic shock model and in the later phase [37].

The anti-inflammatory properties of the synthetic 
analogue of leu-enkephalin were confirmed in the 
works of Russian scientists (2020): on a model of 
acute respiratory distress syndrome in mice, its use 
significantly reduced mortality [38, 39].

In a series of experiments on rats, it was found 
that tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine 
(dalargin) improves collagen metabolism in liver and 
kidney tissues under conditions of repeated stress, 
and also enhances metabolic activity of the kidneys in 
experimental diabetes mellitus [40].

The stress-protective activity of the drug was 
demonstrated in several experimental and clinical 
studies. For example, a 28-day course of intranasal 
administration of hexapeptide (0.2  mg/kg) against the 
background of ulcerogenic stress led to normalization 
of the distribution index of medium-mass molecules 
in the blood serum of rats  [41]. Normalization of the 
area of hepatocyte nucleoli and a decrease in the 
intensity of lipid peroxidation (LPO) were noted in the 
liver and blood serum of rats that underwent antenatal 
hypoxia and received intraperitoneal administration 
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of an analogue of leu-enkephalin (100  μg/kg), which 
indicates pronounced antioxidant protection  [42, 43]. 
In addition, in the work of N.A. Bebyakova et al. it was 
shown that against the background of acute stress, 
the administration of the peptide to rats caused a 
significant increase in the level of NO compared to 
the control (p  <  0.001), which confirms its stress-
limiting properties and interaction with endothelial  
factors [44].

Experimental data also indicate the participation 
of OPs in the neuroendocrine regulation of processes 
related to food intake and digestion. It turned out that 
enkephalins play an important role in the control of 
cognitive functions, such as learning and memory, as 
well as in the regulation of appetite, thirst and sexual 
behavior. According to the results of a comparative 
study by T.A. Czyzyk et al. (2012), conducted on mice 
receiving a high-calorie diet, it was found that the 
introduction of endogenous opioids contributes to 
an increase in energy metabolism and reduces the 
intensity of weight gain. In this regard, agonists of 
δ-opioid receptors can be characterized not only as 
agents capable of correcting eating behavior, but also 
eliminating metabolic disorders  [45]. Of course, the 
data obtained during tests on animal models still need 
to be studied for use in clinical practice.

Clinical studies
The world’s first peptide drug based on an 

analogue of leu-enkephalin  — tyrosyl-D-alanyl-glycyl-
phenylalanyl-leucyl-arginine (Tyr-D-Ala-Gly-Phe-Leu-
Arg)  — was developed in the USSR in 1983 in the 
laboratory of Professor M.I. Titov (All-Union Cardiology 
Research Center of the USSR Academy of Medical 
Sciences) [46]. Since its creation, it has found successful 
application in gastroenterology to stimulate tissue 
regeneration in gastric and duodenal ulcers, acute and 
chronic pancreatitis, as well as pancreonecrosis [46, 
47]. In addition, the drug has been shown to correct 
disorders of lipoperoxide homeostasis in patients with 
erosive and ulcerative gastropathy [35].

In a study of Crohn’s disease, the addition of 
tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine 
to standard 5-ASA therapy led to a significant 
improvement in histological and proliferative activity, 
as well as a decrease in the intensity of free radical 
oxidation compared to monotherapy [48].

The ability of the leu-enkephalin analogue to 
protect the body from the effects of stress factors has 

been shown in many studies. Its organoprotective 
properties are manifested by a decrease in the release 
of cortisol and catecholamines, the intensity of the 
LPO process, and a decrease in the formation of 
free radicals. All these processes reduce the harmful 
effects of free radicals on the lipids of cell membranes, 
contributing to effective protection of cells from 
damage caused by oxidative stress [46].

The effect of hexapeptide on carbohydrate 
metabolism was evaluated in a clinical study involving 
123 patients (mean age 56.7  ±  5.1  years) with stable 
coronary heart disease (CHD) and metabolic syndrome. 
Of the 123 patients, 63 received standard CHD therapy 
(control group), and 60 patients in the main group 
were additionally prescribed tyrosyl-D-alanyl-glycyl-
phenylalanyl-leucyl-arginine intranasally at a dose  
of 2 mg/day in courses of 10 days for 3 months.

As a result, patients receiving peptide therapy 
showed a significant decrease in initially elevated 
indicators: insulin level by 21.7 % (p < 0.001), C-peptide 
by 8.9% (p=0.017) and HOMA-IR index by 38.2  % 
(p  <  0.001). No significant changes in carbohydrate 
metabolism were noted in the control group, while in 
the main group the positive effect persisted throughout 
the entire observation period.

Thus, intermittent intranasal administration of 
tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine in 
combination with standard therapy contributed to a 
decrease in hyperinsulinemia and insulin resistance 
in patients with CHD and metabolic syndrome, 
which confirmed its ability to correct carbohydrate 
metabolism disorders [49].

The ability of the synthetic analogue of  
leu-enkephalin to stabilize metabolic homeostasis by 
reducing oxidative stress and inhibiting pathological 
processes has also been demonstrated in liver 
diseases associated with toxic effects and metabolic  
disorders [50].

In cases accompanied by endothelial dysfunction 
(multiple organ failure syndrome, septic shock, 
ischemic stroke, myocardial infarction, ARDS), the 
peptide at a dose of 50–200  μg/kg (with intravenous 
administration) has been shown to inhibit the 
degradation of intercellular contacts of endothelial cells 
and prevent their apoptosis [51].

At the same time, the breakdown products of 
the drug can circulate in the blood for a long time, 
despite the fact that the half-life is on average 15 min. 
At the same time, endonasal administration of 
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peptide solutions entails direct penetration into the 
cerebrospinal fluid, bypassing the blood-brain barrier. 
Therefore, intranasal administration of tyrosyl-D-alanyl-
glycyl-phenylalanyl-leucyl-arginine diacetate has been 
proven and is used to enhance the effect [52].

Therapy with hexapeptide diacetate has 
demonstrated significant efficacy in patients with 
COVID-19 complicated by moderate to severe ARDS. 
Against the background of treatment, a significant 
reduction in the frequency and duration of non-invasive 
ventilation (NIV) was noted. On the 6th day of therapy, 
the need for NIV was recorded 4.9  times less often 
(p = 0.020), and on the 7th day — 6.7 times less often 
(p = 0.013) compared with the control group.

In the main group receiving the leu-enkephalin 
analogue, positive dynamics according to CT studies 
were observed 3.2  times more often (p  =  0.040) than 
in the control group. The data obtained indicate that 
the use of the drug affects the key pathogenetic 
mechanisms of ARDS development: it helps to reduce 
the area of lung tissue damage and increases the 
oxygenation index. These effects, most pronounced 
on the 4–7th day of therapy, probably caused positive 
clinical dynamics in patients [53].

Thus, the results of the pilot study demonstrated 
the high clinical efficacy of tyrosyl-D-alanyl-glycyl-
phenylalanyl-leucyl-arginine diacetate for pathogenetic 
therapy of COVID-19.

As a result of the studies, pulmono-, cardio-, 
hepato-, gastro-, pancreato-, cerebroprotective, as well 
as antinociceptive effects have been proven. Further 
study of the role of neuropeptides and the opioid 
system proved to be promising for the development of 
new drugs based on synthetic OPs.

Studies of the leu-enkephalin analogue Ambervin® 
Pulmo during the COVID-19 pandemic
The long-term experience of successful use of 

tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine in 
various fields of medicine, supported by positive results 
of preclinical and clinical studies, became the basis for 
studying its organoprotective properties in the context 
of the COVID-19 pandemic. In this context, main 
attention was paid to the pulmonoprotective effect of 
this synthetic analogue of leu-enkephalin [54].

In 2021, the pharmaceutical company 
PROMOMED RUS developed the original medicine 
Ambervin®  Pulmo, which for the first time 
implemented a rational combination of two biologically 

active compounds with proven efficacy  — succinic 
acid salt and synthetic hexapeptide (tyrosyl-D-alanyl-
glycyl-phenylalanyl-leucyl-arginine). The use of succinic 
acid (SA) in clinical practice dates back to 1972, when 
the Pharmcommittee of the Ministry of Health of the 
USSR issued a permit for its medical use. The ability 
of succinate to modulate energy metabolism due 
to participation in tissue respiration and oxidative 
phosphorylation processes, as well as to maintain ATP 
synthesis under hypoxia, underlies the wide therapeutic 
use of SA [55–58].

In the course of studies to assess the specific 
pharmacological activity of the Ambervin®  Pulmo 
on the ARDS model with intravenous and combined 
intramuscular and inhalation administration to C57Bl 
mice, the pulmonoprotective effect was confirmed [59].  
The results of determining the level of cytokines in the 
lung tissue showed a significant increase in the level 
of IL in the control group compared with other control 
groups, which indicates the development of a “cytokine 
storm” in animals of this group. The use of the 
Ambervin®  Pulmo contributed to a significant (more 
than 2 times) decrease in the level of pro-inflammatory 
cytokines IL-1 and IL-6 in the lung tissue.

The results of histological analysis showed positive 
changes in the lung tissue with the introduction of the 
Ambervin® Pulmo, expressed in a moderate degree of 
interstitial edema, the absence of edematous fluid in 
the alveoli, bronchi and bronchioles.

Preclinical studies of tyrosyl-D-alanyl-glycyl-
phenylalanyl-leucyl-arginine succinate demonstrated 
that intramuscular administration against the 
background of ARDS development reduced the 
area of spread of inflammatory infiltrate. Moreover, 
hexapeptide succinate almost 2  times more often 
increased the survival rate of animals compared with 
hexapeptide diacetate: the survival rate increased by 
70 %, and in the comparison group — by 35 %.

Thus, as a result of experimental studies, it was 
shown that a pronounced anti-inflammatory effect 
with the introduction of tyrosyl-D-alanyl-glycyl-
phenylalanyl-leucyl-arginine succinate is formed due 
to the suppression of the synthesis of one of the main 
pro-inflammatory mediators of the cytokine storm in 
the lungs — IL-6 and other pro-inflammatory cytokines 
(in particular IL-1β), and a simultaneous increase 
in the formation of the anti-inflammatory cytokine  
IL-10 [59]. It is possible that the effectiveness of tyrosyl-
D-alanyl-glycyl-phenylalanyl-leucyl-arginine succinate 
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is explained by the inclusion in the structure of the 
medicine, on the one hand, of a fragment of SA, which 
enhances its antioxidant properties, and on the other 
hand, of a δ-opioid receptor agonist hexapeptide, 
which suppresses the synthesis of pro-inflammatory 
cytokines in the lungs and inhibits the entry into the 
systemic circulation of one of the main mediators of the 
cytokine storm — IL-6.

A clinical study to assess the efficacy, safety and 
tolerability of intramuscular and inhalation use of 
hexapeptide succinate in complex therapy compared 
with standard therapy in patients with moderate 
COVID-19 was conducted on the basis of 10 research 
centers in Russia in 2022 and confirmed the results 
obtained at the preclinical stage [59].

Patients (n = 312) older than 18 years, hospitalized 
with moderate COVID-19, were randomized into 
3  groups: the first received standard therapy in 
accordance with the current version of the Interim 
Guidelines of the Ministry of Health of Russia 
“Prevention, diagnosis and treatment of new 
coronavirus infection (COVID-19)” (hereinafter 
is Interim Guidelines) for 10 days; the second  — 
hexapeptide succinate intramuscularly at 1  mg/day;  
the third  — the same medicine by inhalation  
at 10  mg/day for 10  days. Therapy with hexapeptide 
succinate, both with intramuscular and inhalation 
administration, contributed to a reduction in 
the duration of the disease and the complete 
disappearance of symptoms of the disease in more 
than 80% of patients. The effectiveness of the 
medicine was also confirmed in comorbid patients. 
The use of the Ambervin®  Pulmo was associated with 
the restoration of lung function, normalization of 
oxygenation, disappearance of shortness of breath, 
a decrease in the level of C-reactive protein below 
10 mg/L and a reduction in the duration of symptoms 
compared with standard therapy. 

There was also a decrease in indicators of 
inflammation (ESR, IL-6, d-dimer) and metabolic 
parameters (lactate, triglycerides). At the same time, 
there were no statistically significant differences in the 
frequency and nature of adverse events between the 
therapy groups [59].

Thus, the data obtained indicate that the use of 
tyrosyl-D-alanyl-glycyl-phenylalanyl-leucyl-arginine 
succinate in the complex therapy of COVID-19 in 
inhalation or intramuscular form in patients leads to a 
reduction in the duration and a decrease in the severity 

of symptoms of COVID-19. In addition to efficacy, the 
safety of hexapeptide succinate was shown, which 
confirms the feasibility of using the drug in schemes 
of pathogenetic therapy of COVID-19. In results the 
medicine was included in the Interim Guidelines [59].

Later, in a clinical study conducted by O.A. Radaeva 
et al. also studied the cytokine-mediated effects of 
Ambervin® Pulmo in the acute period of COVID-19 and 
in the convalescence period. Three groups of patients 
with COVID-19 were formed. In group 1 (n  =  14), in 
addition to standard COVID-19 therapy, patients were 
injected intramuscularly with the medicine according 
to the scheme of 1 mg 1 per day for 10 days; group 2 
(n  =  13), in addition to standard COVID-19 therapy, 
received the Ambervin® Pulmo by inhalation at 10 mg  
1 per day for 10 days; group 3 (n  =  17) received 
standard therapy in accordance with the Interim 
Guidelines [60].

The reduction in the number of days of 
hospitalization in the groups receiving hexapeptide 
succinate and the increase in the level of IFN-β against 
the background of suppression of HMGB1 growth (a 
cytokine mediator associated with an unfavorable 
course of COVID-19) in the blood serum of patients 
with COVID-19 reflect positive dynamics, more 
pronounced with intramuscular administration of this 
analogue of leu-enkephalin [60].

It is known that a decrease in HMGB1 minimizes 
the risk of developing cardiovascular post-covid 
complications, while against the background of an 
increase in HMGB1, the synthesis of endothelial 
adhesion molecules increases and the barrier function 
of endothelial cells is impaired [39, 60]. A decrease 
in the level of HMGB1 is one of the most significant 
advantages of the drug based on hexapeptide 
succinate, which allows expanding the possibility of 
using this drug in the therapy of other diseases.

CONCLUSION
According to WHO experts, SARS-CoV-2 will 

continue to evolve, which will lead to the emergence 
of new variants of the virus with unpredictable 
properties. Despite previous immune experience 
(previous illness or vaccination), the risk of re-infection 
remains, including co-infection with various strains. 
In this regard, the search for new effective and safe 
pharmacological agents with anti-inflammatory and 
organoprotective activity remains relevant.

The organoprotective effect of hexapeptide 
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succinate established in preclinical and clinical 
studies, as well as its ability to correct disorders 
of antiviral immunity, allow us to consider OPs as 
promising compounds for the treatment of respiratory 
infections of the upper and lower respiratory tract of 
various etiologies (ARVI, pneumonia), post-infectious 
conditions (including post-covid syndrome) and other 
diseases of various etiologies. The prospects for their 
study are additionally confirmed by the involvement 
of OPs in the pathogenesis of a wide range of 
conditions  — from mental (schizophrenia, addiction) 
and metabolic (obesity) disorders to somatic pathology, 
which opens up opportunities for the development of 
new therapeutic strategies in various fields of medicine. 
Thus, the creation of drugs based on regulatory 
peptides with a wide range of pharmacological activity 
is one of the most promising areas of pharmacology.

The pharmacological profile of hexapeptide 
succinate, including its clinical efficacy and safety, 
is confirmed by experimental and clinical studies. 
The combination of succinate with OP modulates 
the immune response, affecting the activity of 
macrophages and suppressing the production of pro-
inflammatory cytokines. This manifestation enhances 
the anti-inflammatory activity of the compound 
and opens up prospects for its use in diseases such 
as rheumatoid arthritis and inflammatory bowel  
diseases.

In addition, succinate in the composition of the 
drug improves energy metabolism in neurons and 
provides protection against oxidative stress, which 
underlies the observed neuroprotective effects, 

including reducing anxiety and improving emotional 
state. Further controlled clinical trials are needed 
to confirm efficacy in neurodegenerative diseases, 
depression, chronic neuropathic pain, and cognitive 
impairment.

The synthetic analogue of leu-enkephalin-leucyl-
arginine succinate also demonstrates a vasoprotective 
effect, which is realized through a decrease in the 
permeability of the vascular wall, normalization 
of microcirculation and stimulation of reparative 
processes in damaged tissues. The cardio- and 
pulmonoprotective properties of the compound allow 
us to consider it as a promising component of complex 
therapy of cardiovascular diseases and pneumonia of 
various etiologies, especially community-acquired.

The analysis revealed a number of limitations 
associated with the insufficient study of the molecular 
mechanisms of action of leu-enkephalin analogues, 
in particular, their selectivity for subtypes of δ-opioid 
receptors. In addition, there are no data on long-term 
follow-up of patients, which requires further research 
with a well-designed design and long-term monitoring 
of efficacy and safety.

Despite these limitations, the presented data 
demonstrate a favorable safety profile, proven efficacy 
and a wider therapeutic potential of hexapeptide 
succinate compared to the precursor drug. Promising 
directions for further research include a detailed study 
of its pharmacodynamics, expansion of indications 
for use and optimization of dosing regimens for the 
treatment of various diseases, primarily respiratory, 
especially community-acquired pneumonia.
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