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Pharmacotherapy of Endometriosis: Balancing of Safety, Efficacy,
and Adherence to Treatment

V.1. Petrov?, L.S. Kulakova'?, V.S. Gorbatenko!, O.V. Shatalova?, I.D. Bezuglov?, A.S. Ignatova®
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The aim. To conduct a comprehensive analysis of the clinical and pharmacological efficacy of progestins (dydrogesterone,
dienogest, and norethisterone acetate) for the treatment of endometriosis by systematizing data on their
pharmacodynamic, pharmacokinetic characteristics, and safety profile to optimize the selection of a personalized
therapeutic strategy.

Materials and methods. The search of the literature was conducted regarding randomized controlled trials (RCTs),
cohort studies, and meta-analyses for the period from 1958 to 2025 from the PubMed, Cochrane Library, and elLibrary.ru
databases.

Results. It was found that dienogest, dydrogesterone, and norethisterone acetate demonsrates comparable efficacy in
reducing the intensity of endometriosis-associated pelvic pain. Dienogest showed efficacy comparable to gonadotropin-
releasing hormone agonists with a better tolerability profile. Dydrogesterone exhibited the best safety profile with minimal
impact on metabolic parameters. Norethisterone acetate showed efficacy comparable to dienogest, but with more
pronounced androgenic effects. Key pharmacological features affecting the safety profile of drugs were identified, and the
need for a personalized approach to the choice of therapy was justified. The main limitation is the insufficient number of
direct comparative studies of various progestins.

Conclusion. All the progestins considered are effective treatments for endometriosis, but have different safety profiles,
which determines the need for individual drug selection, taking into account the patient’s characteristics and concomitant
pathology. Promising areas for future research include conducting large multi-center RCTs, developing algorithms for
personalized therapy selection, and studying the long-term effects of treatment.

Keywords: endometriosis; progestins; dienogest; dydrogesterone; norethisterone acetate; gonadotropin-releasing
hormone agonists; combined oral contraceptives; chronic pelvic pain; clinical efficacy; safety

Abbreviations: GnRH agonists — gonadotropin-releasing hormone agonists; AUB — abnormal uterine bleeding;
VAS — visual analog scale; CGRP — calcitonin gene-related peptide; CYP3A4) — cytochrome P450 enzyme system;
ESHRE — European Society of Human Reproduction and Embryology; TNF-a. — tumor necrosis factor alpha; FSH —
follicle-stimulating hormone; FSFI — Female Sexual Function Index; IL-8 — interleukin-8; IL-1B — interleukin-1 beta;
COCs — combined oral contraceptives; LH — luteinizing hormone; MRI — magnetic resonance imaging; NSAIDs —
nonsteroidal anti-inflammatory drugs; RCTs — randomized controlled trials; RANTES (Regulated on Activation, Normal T
Expressed and Secreted, or CCL5) — chemokine; SF-36 (Short Form-36) — quality of life assessment questionnaire; CPPS —

chronic pelvic pain syndrome.

For citation: V.I. Petroy, I.S. Kulakova, V.S. Gorbatenko, O.V. Shatalova, I.D. Bezuglov, A.S. Ignatova. Pharmacotherapy of Endometriosis: Balancing
of Safety, Efficacy, and Adherence to Treatment. Pharmacy & Pharmacology. 2026;14(1):4-17. DOI: 10.19163/2307-9266-2026-14-1-4-17
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Lenb. [poBeaeHMe  KOMMJIEKCHOTO  aHa/nM3a  KAMHUKO-apMaKosormyecko  apPpeKkTMBHOCTM  MPOrecTMHOB
(amnaporectepoHa, AMeHorecta U HOPITUCTEPOHA aLeTaTa) 41A Tepanuu SHAOMETPMUO3a NyTeM CUCTEMATU3ALUM AAHHbIX
06 nx dapMakoAMHAMUYECKUX, PAPMaAKOKUHETUYECKUX XapaKTepUCTUKax M npoduie 6e30MacHOCTU A ONTUMMU3ALLMK
Bbl6Opa NepcoHaNN3nPOBaHHOM TepaneBTUYECKOW CTpaTernu.

Martepuanbl u metoapl. [Nonck auTepaTypbl NPOBOAUAN CPeAU PaHAOMMU3IUPOBAHHBIX KOHTPOAMPYEMbIX MCCAef0BaHUM
(PKW), KoropTHbIX McCnesoBaHUIA U mMeTaaHanu3oB 3a nepumog ¢ 1958 no 2025 rr. B 6a3ax gaHHbix PubMed, Cochrane
Library u eLibrary.ru.

Pe3synbratbl. YCTaHOBNEHO, YTO AMEHOrecT, AMAPOrecTepoH U HOPITUCTEPOHA aueTaT AeMOHCTPUMPYHOT COMOCTaBUMYHO
3bGDEKTUBHOCTb B CHUMMKEHUM WMHTEHCMBHOCTM 3HAOMETPMO3-aCCOLMMPOBAHHOW Ta3oBoi 6o0au. [ueHorect noKasan
3bbEKTUBHOCTb, CPABHUMYIO C arOHUCTaMMU FOHAZOTPONUH-PUAUZUHI-TOPMOHA, HO C NYYLIMM Npoduiem NepeHoCMMOCTHU.
[AnaporecTepoH NposBAAA HauAyylwuin npodunb 6e30MacHOCTM C MUHMMANbHbIM BAUSHUMEM Ha MeTabosuveckue
napameTtpbl. HOP3TUCTEPOH aLeTaT NoKasas COMOCTaBUMYIO C AneHorecTom 3pdeKTUBHOCTb, HO ¢ 6onee BblparKeHHbIMU
aHAporeHHbIMU 3ddekTamu. OnpeseneHbl KAoyYeBble GapmaKkosorMyeckne OcobeHHOCTW, BAMAOWME Ha npodunb
6€e30MacHOCTM NpPenapaToB, a TakKe 060CHOBaHA HeobXoAMMOCTb MepCcoOHANN3MPOBAHHOIO NOAX0AA K Bblbopy Tepanuu.
OCHOBHbIM OFpaHMYeHWeM ABNAETCA HeAOCTaTOYHOE KOAMYECTBO MPAMbIX CPABHUTENbHbIX WCCAEA0BAHUIN Pa3NNYHbIX
NporecTMHOB.

3aknoueHue. Bce paccmMoTpeHHble NporecTuHbl ABNAIOTCA 9PdEKTUBHBIMU CPEACTBAaMM TepanuM SHAOMETPMO3a, OAHAKO
MMeIoT passiyHble Npoduan 6e3onacHocTH, YTo npesonpesenser HeobxoaAMMOCTb NHAMBUAYaANbHOMO BbibOpa NpenapaTa
C y4yeTom OCOBEeHHOCTeM MALMEHTKU W COMYTCTBYHOLWEN MaTonornu. [lepcnekTMBHbIMU HanpaBaeHUAMMU ByayLimx
nUccnefoBaHUM ABNAIOTCA NPOBeAEHME KPYMHbIX MHOroLeHTPoBbIX PKU, pa3paboTka anroputmMoB nepcoHann3npoBaHHOIoO
Bbl6Opa TEPANUM U U3yHEHUE AONTOCPOUHbIX IPPHEKTOB IeHEHUA.

KniouyeBble cnoBa: 3HAOMETPUO3; MPOrecTUHbl; AWEHOrecT; AMAPOrecTepoH; HOPSTUCTEPOHA aueTaT; aroHWUCTbI
rOHaZOTPOMNWUH-PUIUIUHT-TOPMOHA; KOMBUHMPOBaHHbIE Opa/ibHble KOHTPALENTMBbI; XPOHMYecKas TasoBas 60/b;
KANHWYecKan apdeKTMBHOCTb; 6e30nacHoOCTb

CnUCOK COKpaweHuii: alHP[ — aroHWcTbl TOHAZOTPOMNWH-PUAU3UHT-TOPMOHA; AMK — aHOManbHble MaTOYHble
KpoBoTeueHusa; BALL — Bu3yanbHaa aHasnorosBas wWKana; CGRP — Ka/ibUUTOHMH-TeH-CBA3aHHbIM nentua; CYP3A4 —
depmeHT cuctembl umToxpoma P450; ESHRE — EBponeiickoe 06WecTBO penpoayKkuuMu YesoBeka M ambpuonoruu;
OHO-a — dakTop Hekposa onyxonn anbda; PCI — GONNUKYNOCTUMYNUPYOWMNIA TOPMOH; FSFI — MHAEKC KeHcKoW
ceKkcyanbHon OyHKuMK; WU1-8 — wuHTepnenkuu-8; W/-1B — wuHTepneiiknH-1 6eta; KOK — KombGWHMpPOBAHHbIE
opasibHble KOHTpauenTuebl; JII — NOTEUHU3UPYOWUI ropMoH; MPT — marHuMTHO-pe3oHaHcHasa Tomorpadusa; HMBMN —
HecTepouaHble NPOTUBOBOCNAAUTENbHbIE MpenapaTtbl; PKU — paHAOMU3MPOBAHHbIE KOHTPO/NIMPYEMble WUCCeA0BaHUA;
RANTES (Regulated on Activation, Normal T Expressed and Secreted, nnn CCL5) — xemoKuH; SF-36 (Short Form-36) —
ONPOCHWUK ANA OLEHKM KayecTBa *u3HW; Y3 — ynbTpassykosoe uccienoBaHne, CXTb — CMHAPOM XPOHUYECKOM Ta30BOM
6onu.

INTRODUCTION According to the World Health Organization (WHO),

Chronic pelvic pain syndrome (CPPS) is one of the  endometriosis is diagnosed in one in ten women, which
most significant problems in gynecological practice.  corresponds to approximately 190 million (10-15%)
According to global estimates, its prevalence among individuals aged 15 to 49 years. It is important to note
women of reproductive age reaches 25 %, with 40 %  that patients with endometriosis account for 40-50 %
to 87 % of cases associated with endometriosis [1].  of all the cases of female infertility [2].
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In 2020, M. Ghiasi et al. conducted a review
of the global prevalence of endometriosis from
January 1989 to June 2019. Out of 28 scientific works,
17 provided an assessment of endometriosis
prevalence among women with infertility, which was
27 % in a sample of 8 172 individuals. Eleven studies
examined the prevalence of endometriosis among
women with CPPS, which was 29 % in a sample
of 5 104 individuals. In the overall cohort, which
included over 14 million women, there is a significant
variation in endometriosis prevalence estimates
across geographical regions: in Africa — from 0.2 %
to 48 %, in Australia — from 3.4 % to 3.7 %, in the
Americas — from 0.7 % to 70 %, in Asia — from 1%
to 72 %, in Europe — from 0.8 % to 70 %. A significant
limitation of this review is the complexity of diagnosing
endometriosis, which complicates the determination of
the true prevalence of the disease in the population [3].

The increase in registered cases of endometriosis
is due to a complex of factors, among which the
improvement of diagnostic methods and the increased
awareness of medical professionals about the clinical
manifestations of the disease play a key role. The
significant increase in the number of cases, combined
with growing patient awareness of the impact of
endometriosis on reproductive function, contributes
to the expansion of the global market for the therapy
of this pathology. The global market volume for
endometriosis treatment is estimated at 1.6 billion
US dollars in 2024, and by 2034, it is expected to
grow to 5.4 billion US dollars with a compound annual
growth rate of 13.3 %.

Endometriosis represents a colossal medical
problem in the Russian Federation, causing significant
demographic and socio-economic damage. One of
the most significant complications of this pathology is
infertility, leading to an annual decrease in reproductive
potential, estimated at approximately 14,365 unborn
children. Modern hormonal therapy methods can
reduce potential demographic losses by about 2212
cases per year. However, at present, only 536 children
are born using this treatment method, indicating

partial realization of therapeutic potential. The socio-

! Endometriosis Treatment Market Size, By Disease Type, By
Treatment Type, By Drug Class, By Administration Method, By
Distribution Channel, 2025-2034; Global Market Insights Inc. — 2024.
Available from: https://www. gminsights.com/industry-analysis/
endometriosis-treatment-market 2

6

economic aspect of the disease is characterized by
significant losses in the working population, reaching
33.0 million days of temporary disability per year. The
use of hormonal therapy could provide a reduction in
this indicator by 5.4 million days; however, the actual
reduction does not exceed 1.1 million days. Considering
the data provided, the economic damage from the
pathology reaches 553 billion rubles per year. Potential
hormonal therapy can reduce losses by 93.2 billion
rubles; however, the actual reduction is only 19.1 billion
rubles. Data analysis also shows that the administration
of drugs to all patients in need can further reduce
economic damage by 15.9 billion rubles [4].

The problem of diagnosing endometriosis is
due to the frequent asymptomatic course of the
which

its real prevalence. Given the diversity of clinical

disease, complicates the assessment of
manifestations, the pathology remains one of the
most socially and demographically significant diseases,
which necessitates the application of a multidisciplinary
approach to its treatment and diagnosis®.

Endometriosis is predetermined by the presence
of estrogen-dependent, progesterone-resistant

endometriotic foci outside the uterine cavity.

Despite numerous hypotheses regarding etiology
and pathogenesis, key links include systemic and
local hyperestrogenemia, progesterone resistance,
neoangiogenesis, neurogenesis, and reduced apoptosis.
These changes cause a chronic inflammatory reaction,
often leading to endometriosis-associated pelvic pain.
The nature of the pain varies significantly: menstruating
patients experience cyclical and non-cyclical pain,
accompanied by dyschesia, dysuria, dysmenorrhea,
and dyspareunia [5]. Endometriotic foci have their
own vascular structure and are innervated by sensory
and autonomic fibers, providing afferent access to
peripheral and central pain pathways. However, foci are
not the sole cause of pain, as its intensity and duration
do not correlate with their number, localization, or
disease severity.

It should be noted that endometriosis is a
chronic
that

and

estrogen-dependent inflammatory disease

leads to the chronification of pelvic pain
continuous treatment [6].

requires lifelong

Despite many years of research, the diagnosis and

2 Clinical Guidelines. Endometriosis. Russian Society of Obstetricians
and Gynecologists; Rubricator of clinical recommendations; 2024. 62
p. Available from: https://cr.minzdrav.gov.ru/view-cr/259_2. Russian
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treatment of endometriosis remain complex and
relevant for both physicians and patients. Not fully
understood pathophysiological mechanisms and
the diversity of clinical phenotypes complicate the
assessment of published data and the selection
of adequate patient management strategies [7].
To date, there is no single treatment method —
neither surgical nor medical — that has demonstrated
unequivocal superiority in efficacy. Modern therapy
for endometriosis-associated pelvic pain is aimed at
systemic or local suppression of estrogen production
and inflammation, as well as inhibition of proliferation.
Treatment should be personalized and consider the
severity of the disease, symptoms, and the patient’s
reproductive plans [8].

THE AIM. To

pharmacological efficacy of progestins (dydrogesterone,

analyze the clinical and

dienogest, and norethisterone acetate) for the
therapy of endometriosis based on data on their
pharmacodynamic, pharmacokinetic characteristics,
and safety profile to optimize the selection of a

personalized therapeutic strategy.

MATERIALS AND METHODS

A search for clinical studies was conducted in the
PubMed, Cochrane Library, and elibrary.ru databases.
Key search terms used included: dydrogesterone,
dienogest, norethisterone, norethindrone, progestins,
gestagens, endometriosis, chronic pelvic pain, chronic
pelvic pain syndrome, and their combinations, as
well as their English equivalents: didrogesterone,
dienogest, norethisterone, norethindrone, progestins,
gestagens, and endometriosis, chronic pelvic pain. The
search conducted across multiple scientific databases
identified a total of 726 relevant studies, including
original articles and reviews. The search was conducted

for the period 1958-2025.

RESULTS AND DISCUSSION

Progestins in the Therapy of Endometriosis-
Associated Pain Syndrome

In accordance with current International and
Russian Clinical Guidelines, progestins are first-line
therapy drugs for endometriosis with mild to moderate

pain syndrome3. It is reported that they reduce or

3 ESHRE Endometriosis Guideline Development Group. Endometriosis
Guideline; European Society of Human Reproduction and
Embryology; 2022. 192 p. Available from: https://www.eshre.eu/
Guidelines-and-Legal/Guidelines/Endometriosis-guideline

Tom 14, Beinyck 1, 2026

eliminate painful symptoms in approximately 90 %
of patients [9]. Various forms of progestins (oral,
injectable, intrauterine, subcutaneous implants) are
widely used for the treatment of endometriosis.
more preferred option

Progestins therapy is a

compared to commonly used nonsteroidal anti-
inflammatory drugs (NSAIDs), which do not alter the
course of the disease and are not ideal for long-term

use due to gastrointestinal side effects.

Current  Clinical  Guidelines  “Endometriosis”
2024, among hormonal therapy agents, consider
gonadotropin-releasing hormone agonists (GnRH

agonists) and combined oral contraceptives (COCs).
GnRH agonists play an important role in managing
patients with advanced and infiltrative forms of

the disease, both after surgical intervention and

with a confirmed diagnosis. However, their long-
term use is limited by several side effects, including
neurovegetative and psychoemotional disorders,
as well as negative effects on bone mineral density.
Therefore, GnRH agonist therapy lasting longer than six
months requires mandatory “add-back therapy”?.

Regarding COCs [10, 11], their application aims
include contraception, empirical treatment, and
prevention of recurrence after surgical interventions.
Despite an extensive evidence base confirming the
therapeutic and prophylactic properties of COCs and
their many years of global use in genital endometriosis,
the issue of prescribing estrogen-gestagenic agents
remains a subject of active discussion. With the
development of minimally invasive surgery techniques,
allowing for earlier and more accurate diagnosis of
the pathology, information has emerged about the
potentially negative impact of COC use on the course
of deep infiltrative and extragenital endometriosis.
Adverse effects are linked to several factors: the
presence of an estrogen component in COCs, the
development of “progesterone resistance” in
endometriotic foci, and the traditional cyclic regimen
of their administration. It has been noted that pain
relief during COC use can lead to delayed diagnosis
and reduce the effectiveness of subsequent surgical
treatment due to “masking” typical symptoms of the
disease [12].

It is proven that progestins suppress estrogen

action, slowing the growth of endometriotic tissue, and

4 Clinical Guidelines. Endometriosis. Russian Society of Obstetricians
and Gynecologists; Rubricator of clinical recommendations; 2024.
62 p. Russian
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also possess anti-inflammatory, antiproliferative, and on the endometrium® The interaction between

antiangiogenic effects. Based on available data, it can
be concluded that progestins are highly effective and
affordable drugs with long-term safety and absence of
estrogen-deficiency side effects [8, 13].

A systematic review by M.N. D’Alterio et al.
established that progestins effectively relieve pain and
improve quality of life; however, treatment should be
personalized and consider the patient’s condition, the
need for surgery, and pregnancy planning [14]. For
severe pain or lack of effect from previous methods,
second-line therapy — GnRH agonists — may be
prescribed, but their use is limited due to potential
serious side effects. In clinical practice, the efficacy and
side effect profile of all hormonal drugs are individual,
and finding suitable therapy is often empirical®. Among
gestagens registered in Russia for the treatment of
endometriosis, dydrogesterone, norethisterone,
and dienogest are the most studied, possessing
different safety profiles and the possibility of therapy
personalization.

These drugs promote regression of endometriotic
foci with prolonged use. The high affinity of dienogest,
and to a lesser extent norethisterone, not only for
progesterone but also for steroid receptors, provokes
the risk of adverse reactions. Consequently, due to
low patient adherence to the drug regimen because
of side effects, treatment becomes clinically ineffective
and unsafe, which contributes to disease recurrence.
The absence of dydrogesterone’s connection to
steroid receptors, compared to other progestins, as
well as its high selectivity for progesterone receptors,
reduces the risk of adverse reactions, increases safety,
and improves treatment adherence. This allows for
pain relief, improved quality of life, reduced risk of
self-discontinuation of medication and subsequent
endometriosis recurrence, and improved subjective
which
considering long-term therapy [15].

assessment of clinical effect, is necessary

First-line drug therapy, especially in patients
with mild to moderate pain syndrome, is considered
to be progestins with a level of evidence 1a. These
drugs induce a range of pharmacological effects that
influence the pathogenetic links of endometriosis

development, and also have systemic and local effects

5 ESHRE Endometriosis Guideline Development Group. Endometriosis
Guideline; European Society of Human Reproduction and
Embryology; 2022. 192 p.

8

progestins and target tissues occurs through specific

gestagen receptors located both on the plasma
membrane and within the cell. Binding sites realize
rapid, millisecond-lasting, and slow, up to 1-hour-
lasting, specific biological effects of gestagens,
making this group of drugs the choice for first-line
therapy in endometriosis. The main objectives are
to induce anovulation and hypoestrogenemia, which
promotes decidualization and acyclicity of both
normal and ectopic endometrium. These effects are
realized through various molecular mechanisms. The
mechanism of action of gestagens in endometriosis
is complex and occurs at multiple levels (Fig. 1).
At the systemic level, they suppress the activity of
the hypothalamic-pituitary-ovarian  axis, leading
to suppression of cyclic hormonal fluctuations and
reduced estradiol production. Directly in endometriotic
foci, gestagens induce decidualization of the stromal
component, followed by atrophy of pathological tissue.
Additionally, they cause secretory transformation of
the glandular epithelium, which collectively leads to
the regression of endometriotic heterotopias. Another
mechanism is competitive binding with the estrogen
receptor and action.

anti-estrogenic Suppression

of prostaglandin E2 synthesis leads to apoptosis

activation and inhibition of cell proliferation and
neovascularization. By activating 17B-hydroxysteroid
dehydrogenase type 2, gestagens reduce estradiol
activity levels by converting it to the less active
estrone [16].
When

the perspective of efficacy and safety in treating

considering various progestins from

endometriosis-associated pelvic pain, differences
in molecular structure, receptor affinity, and
pharmacokinetic characteristics must be taken

The
progesterone receptor agonist and not possess activity

into account. ideal progestin should be a

towards androgen, mineralocorticoid, estrogen, or
glucocorticoid receptors. The assessment of progestin
activity is usually conducted at the preclinical stage of
research using animal models. Next, we will consider
the main progestins available for endometriosis
treatment in the Russian Federation.

Dydrogesterone has been used since the 1960s

for the treatment of menstrual cycle disorders,

© Ibid.
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endometriosis, and threatened miscarriage. It is a
retroprogesterone, close in structure and properties
to natural progesterone [17]. Its structural features
ensure high selectivity for progesterone receptors
with practically no agonistic influence on other
steroid receptors. The key advantage is a pronounced
effect without the

characteristic of other progestins [18].

progestogenic side effects

On the one hand, dydrogesterone has low
bioavailability; on the other hand, the key advantage
of this drug is its metabolism without the involvement
of the cytochrome P450 system. Dydrogesterone
has a short half-life and no active metabolites, which
collectively may require dosing twice daily.

Dienogest (or 17a-cyanomethyl-17B-hydroxy-estra-
4,9-diene-3,1) is a derivative of 19-nortestosterone,
a selective 4-generation progestin [19]. A distinctive
feature of the molecule is an additional double bond
between carbon atoms 9 and 10, as well as the absence
of an ethinyl radical at the 17th atom, replaced by
a cyanomethyl radical. Thanks to these structural
modifications, dienogest combines the pharmacological
properties of 19-norprogestins and progesterone
derivatives. It affects key transcription factors such
as AEBP1, HOXB6, KLF2, and RORB. The drug’s
mechanism of action is based on suppressing cytokines
in the stroma of endometrial cells, providing a strong
progestogenic and moderate estrogen-suppressing
effect, as well as anti-inflammatory, antiproliferative,
without significant

and antiangiogenic properties

androgenic, mineralocorticoid, or glucocorticoid
effects [20-22].
Other

bioavailability when taken orally, a

include high
half-
life, selectivity for progesterone receptors, and no

advantages of the drug
short

interaction with sex hormone-binding globulin. It
is noted that dienogest is particularly suitable for
patients with delayed reproductive plans, as it does not
negatively affect ovarian reserve and protects ovarian
tissue [23]. Dienogest is a weak inhibitor of CYP2C19
and CYP3A4 and can slow down the metabolism of
other drugs, increasing their concentration and the risk
of side effects. Active metabolites of dienogest circulate
in plasma for a long time, ensuring high efficacy with a
single dose, and are primarily excreted in feces, making
it a drug of choice for patients with impaired renal
function [19].

Tom 14, Beinyck 1, 2026

Norethisterone acetate is a 2-generation

derivative of 19-nortestosterone, a representative
of the numerous group of synthetic progestins —
Modification of the

testosterone molecule reduced androgenic activity,

testosterone derivatives [24].

but nevertheless, this drug has a pronounced affinity
for androgen receptors [25]. Positive effects of this
drug include: reduction of CPPS, dysmenorrhea,
and dyspareunia. Among the negative effects are
dyslipidemia, weight gain due to metabolic disorders,
and hyperinsulinemia with prolonged use of low
doses [26]. Androgenic properties cause a number
of adverse clinical manifestations: acne, hirsutism,
and fluid retention. With the use of high doses of
this progestin, an increase in the atherogenic index
and an increased risk of cardiovascular complications
occur [27]. Norethisterone acetate is a prodrug; upon
absorption, it undergoes primary metabolism in the
liver, and the metabolite has high bioavailability. The
drug circulates in plasma primarily bound to proteins.
The enzyme CYP3A4 is involved in the metabolism
of norethisterone acetate, so drug interactions with
inducers and inhibitors of this enzyme are possible. The
elimination half-life of 8 to 12 hours allows for once-
daily administration. It is mainly excreted in urine as
conjugates. A comparative pharmacological profile of

progestins is presented in Table 1.

Clinical Efficacy of Progestins

Long-term therapy is necessary to prevent
endometriosis recurrence in women not planning
pregnancy. Progestins vary significantly in cost, and
inexpensive options should also be used as first-line
therapy [28, 29].

Dydrogesterone is widely used in endometriosis
therapy due to its safety profile and its unique
ability not to suppress ovulation. However, its use is
accompanied by several issues in the evidence base
that limit definitive conclusions about its efficacy.
These issues include an insufficient number of large
randomized trials, a limited number of studies
comparing the efficacy of different progestins, and
their inconsistency, which adds uncertainty to the
conclusions. To date, there are no reliable predictors of
individual patient response and the effectiveness of a
particular progestin, leading to misinterpretation of the

drug’s overall ineffectiveness.
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One of the latest meta-analyses included 14 studies
comparing dydrogesterone with placebo, letrozole,
gestrinone, GnRH-a leuprolide, danazol, norethisterone
acetate, and depot medroxyprogesterone acetate, as
well as coagulation of endometriotic foci; and with no
treatment after surgery. It was found that comparative
analysis was not performed for dydrogesterone in
5 studies. There is minimal evidence of the efficacy and
safety of dydrogesterone in endometriosis treatment
due to a limited number of randomized controlled
trials. Based on the available data, it is concluded
that dydrogesterone may have some advantages over
gestrinone, GnRH agonists, and other therapeutic
interventions in endometriosis treatment. However,
this conclusion should be approached with caution [30].

The efficacy of dydrogesterone in endometriosis-
associated pelvic pain has been evaluated in several
studies. Results from a prospective Russian study
2018-2021 at the
department of the clinic of obstetrics and gynecology

conducted in gynecological

of Pavlov First Saint Petersburg State Medical University
in CPPS
therapy. Within the study, the effectiveness of various

indicate the efficacy of dydrogesterone

conservative treatment methods for endometriosis-

associated pain syndrome was assessed before
laparoscopic verification of the diagnosis. In the study
group of 115 patients, a high rate of disease recurrence
was recorded — 52 % (61 cases), which was associated
with irrational drug use and low treatment adherence.
Analysis of previous therapy also showed that 24 %
of patients (28 individuals) received COCs without
appropriate indications, 35 % (40 individuals) received
and 25%

(29 individuals) received other drugs prescribed by

nonsteroidal anti-inflammatory drugs,
specialists from related fields. 20 patients (17 %) had no
therapy, which led to disease progression and required
surgical intervention. The study itself was conducted in
three stages. In the first stage, after obtaining informed
voluntary consent, preoperative examination was
performed, including assessment of pain intensity using
the Visual Analog Scale (VAS), clinical and instrumental
In the

second stage, morphological and immunohistochemical

diagnostics, and laparoscopic intervention.
examination of the surgical material was carried out
to confirm the diagnosis. The third stage included
dynamic observation in the postoperative period

with assessment of long-term results at 6 and 12

10

months. The monitoring program included analysis
of pain syndrome dynamics, quality of life indicators
(SF-36, Short Form-36 quality of life assessment
guestionnaire), sexual function (FSFI, Female Sexual
Function Index), registration of complications, disease
recurrences, and cases of pregnancy in patients with
infertility. The use of a combined approach, including
surgical treatment followed by long-term anti-
relapse therapy with dydrogesterone, demonstrated
a statistically significant reduction in endometriosis
symptoms (p < 0.0001) and improvement in quality of
life indicators (p < 0.05) after 12 months [31].

A similar study conducted in India, involving 98
patients, also demonstrates the high clinical efficacy
of the drug. Patients were prescribed dydrogesterone
10 mg or 20 mg per day in severe cases orally from
day 5 to day 25 of the menstrual cycle for 3—6 months,
with assessments every 3 months. CPPS significantly
decreased (p = 0.05) from a mean baseline score of
1.24 + 1.01 to 0.87 + 0.86 (a 29 % reduction) after
the first month of treatment. By the end of the sixth
treatment cycle, the reduction in CPPS compared
to baseline was 95 %, 87 %, and 85 %, respectively;
improvement in endometriosis-associated pelvic pain
symptoms was observed in 71% of patients [32].

Thanks to the widespread and prolonged use
of dydrogesterone in global practice, as well as its
market availability, extensive clinical experience has
been accumulated. The question of comparative
efficacy between continuous therapy at doses from
10 to 30 mg/day and prolonged cyclic therapy (from
day 5 to day 25 of the menstrual cycle) in relieving
endometriosis-associated pelvic pain and improving
patients’ quality of life remained open for a long time.
Within the prospective observational multicenter
“ORCHIDEYA,”

conducted in real clinical practice settings in Russian

study involving 350 women and
medical centers, the clinical effects of dydrogesterone
therapy in patients with endometriosis were studied
depending on the administration regimen. Participants
received the drug according to one of two standard
regimens: 10 mg — 2-3 times daily continuously or
in a prolonged cyclic regimen from day 5 to day 25 of
the menstrual cycle. The study included three visits:
baseline, 3 months, and 6 months of therapy. It was
found that both administration regimens — prolonged
cyclic and continuous — led to a significant reduction
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in CPPS intensity, improvement in quality of life, and
enhancement of sexual well-being. The mean change in
pain indicators was -3.3 (standard deviation [SD] = +2.2;
p < 0.0001 compared to baseline) for patients receiving
the prolonged cyclic therapy and -3.0
(SD = #2.2; p < 0.0001 compared to baseline) for
patients receiving the continuous therapy regimen,

regimen,

with no statistically significant differences between
the groups [33]. The study results demonstrate the
effectiveness of therapy in treating endometriosis.
Dienogest is of particular interest with a well-
studied evidence base. The drug is an effective agent
for the long-term treatment of all endometriosis
phenotypes, as well as for postoperative therapy.
Dienogest’s advantages include minimal impact on
metabolic parameters. This progestin has minimal
effects on protein, lipid, and carbohydrate metabolism.
that
administration allows for the discontinuation of NSAIDbI

LV. Adamyan’s demonstrated dienogest
use for endometriosis-associated pelvic pain. In a group
of 24 patients aged 18 to 45 years with histologically
confirmed endometriosis between 2021 and 2022,
they were divided into subgroups of 12 people each.
The first group received the progestin at a dosage of
2 mg per day; the second group received NSAIDs —
ibuprofen. All women underwent minimally invasive
surgery, the choice of which depended on the location
of endometriotic foci. Further patient follow-up
revealed a significant reduction in pelvic pain intensity
on the VAS scale in the 1 group: mild — in 2 (16.67 %),
moderate — in 7 (58.33 %), severe — in 3 (25 %), as
well as improvement in sexual quality of life. In the
2 group, women taking NSAIDs for pain syndrome
did not report positive changes during treatment;
the intensity of pain syndrome on the VAS scale was:
mild — in 3 (25%), moderate — in 5 (41.67 %),
severe — in 4 (33.3 %) [34].

In a systematic review by A. Samy et al,
36 RCTs were analyzed. The authors concluded that
dienogest (0.94), COCs (0.782), and elagolix (0.38)
reducing CPPS after
3 months. For reducing CPPS after 6 months of therapy,
(0.75), the levonorgestrel-releasing
(0.73), (0.65)

were the most suitable medications. However, when

showed the best results in

GnRH agonists

intrauterine system and dienogest

ranking drugs by p-score, GnRH agonists (0.63) and
elagolix (0.54) showed the best results in reducing CPPS

Tom 14, Beinyck 1, 2026

after 3 months, and desogestrel (0.94) and COCs (0.91)
after 6 months [35].

In a randomized study of COCs containing 2 mg
of dienogest or 1.5 mg of 17b-estradiol and 2.5 mg
of nomegestrol acetate, women receiving COCs with
dienogest showed a more pronounced improvement
in quality of life and sexual function on the SF-36
(p < 0.01) and FSFI (p < 0.006) scales [36]. In a study
comparing norethisterone acetate and dienogest, the
latter showed higher efficacy and a lower risk of side
effects [37]. Studies evaluating the efficacy between
progestins and GnRH agonists have demonstrated
comparable efficacy in CPPS therapy [22, 38].

Comparing side effects between dienogest and
GnRH agonists, treatment with the former significantly
increases the frequency of spotting (p = 0.0007) and
weight gain (p = 0.03); however, a lower frequency of
estrogen-deficiency states in the form of hot flashes
and vaginal dryness (p = 0.0006) was noted [39]. It
is worth noting that with approximately comparable
levels of CPPS relief, progestins provide significantly less
hypoestrogenemia and demineralization.

While dienogest demonstrates high efficacy and
a favorable safety profile, another synthetic progestin,
norethisterone acetate, also holds an important place
in endometriosis therapy. Analysis of studies dedicated
to the use of this drug allows for a comparative
assessment of its therapeutic value.

P. Vercellini et al. study involved 190 patients,
standard doses of norethisterone acetate 2.5 mg
once daily and dienogest 2 mg once daily were
compared. Progestins were administered from day 1
of the menstrual cycle continuously, and results were
analyzed after 6 months of use. Efficacy was assessed
using a developed scale for non-menstrual pelvic pain.
The drugs showed comparable efficacy in reducing pain
intensity. The proportion of satisfied and very satisfied
women was 71 % in the norethisterone acetate group
and 72 % in the dienogest group. The use of the latter
was not associated with a statistically significant
improvement in overall pain relief, psychological
state, sexual function, or health-related quality of life.
Treatment was well tolerated by 58% of women in the
norethisterone acetate group compared to 80 % of
participants in the dienogest group. The study authors
suggest that certain advantages of dienogest over
norethisterone acetate in their study were due to the

low dosage of the latter [26].
11
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Figure 1 — Mechanism of Action of Progestins.
Table 1 - Pharmacokinetics and pharmacological effects of progestins
Parameter Dydrogesterone Dienogest Norethisterone acetate

Pharmacokinetics*

Chemical classification Synthetic progesterone Nor_test_osterone 19-nortestosterone derivative
analog derivative

Prodrug No No Yes

Bioavailability Low 28 % High 91 % High 60 %

Metabolism involving P450 (CYP450) No Yes Yes

Active metabolites No Yes Yes

Half-life, h 5-7 9-10 8-12

Excretion Urine 70 % Primarily feces Urine — 60 %, feces — 40 %

Pharmacological effects [24]

Anti-estrogenic activity Effective Moderately effective  Effective
Anti-androgenic activity Moderately effective Effective Ineffective
Anti-mineralocorticoid activity Moderately effective Ineffective Ineffective
Estrogenic activity Ineffective Moderately effective  Effective
Androgenic activity Ineffective Ineffective Effective
Glucocorticoid activity Ineffective Ineffective Ineffective

Note: * — data on pharmacokinetic parameters are taken from official drug instructions available on the grls.minzdrav.gov.ru website.

Table 2 - Side effects of progestins*

Parameter Dydrogesterone Dienogest Norethisterone acetate
Reproductive system
Ovulation suppression Yes Yes Yes
Abnormal uterine bleeding No Yes Yes
Amenorrhea No Moderate frequency No
Functional ovarian cysts Yes Yes Yes
Mastalgia Low frequency Low frequency Moderate frequency
Metabolism
Effect on lipid profile Minimal/neutral Moderate Significant
Effect on carbohydrate metabolism Minimal Minimal Moderate
Risk of weight gain, fluid retention Minimal Moderate Moderate/High
Nervous system
Headaches Minimal Yes Yes
Mood swings Minimal Yes Yes
Decreased libido Minimal Minimal Moderate
Skin reactions
Acne No Minimal Moderate
Hirsutism No Minimal Minimal

Note: * — table compiled using sources [20, 26, 33, 35-37, 45].
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In the study by T.B. Gurbuz et al., the efficacy
and safety of dienogest and norethisterone acetate
were evaluated in patients with endometriosis-
associated pelvic pain. The dienogest group (2 mg
per day) included 40 patients, and the norethisterone
acetate group (5 mg per day) included 30 patients.
Pain severity was assessed on the VAS scale before
treatment initiation, then at 6 and 12 months. Safety
was assessed by the prevalence of side effects and the
willingness to continue taking the drug throughout
the treatment period. The drugs showed comparable
efficacy in reducing pain on the VAS scale. Patients
in the dienogest group discontinued treatment
significantly more often and earlier than patients in
the norethisterone acetate group. At six months, there
were 23 patients in the norethisterone acetate group
and 21 in the dienogest group; however, 16 patients
in the norethisterone acetate group and 18 patients in
the dienogest group completed treatment. Side effect
profiles were comparable, but the dropout rate from
the study after six months was higher in the dienogest
group (47.5 % vs. 23.3 %; p = 0.026). The study authors
concluded that norethisterone acetate may be an
effective alternative to dienogest therapy [40].

In a retrospective cohort study by T.B. Gurbuz et al.,
conducted in Italy, long-term effects of treating
rectovaginal endometriosis were studied. 103 women
completed norethisterone acetate treatment, with a
follow-up period of 5 years; the primary endpoint was
treatment satisfaction after 5 years of use. Over 68 % of
women who completed the study were satisfied or very
satisfied with the drug. Side effects were the reason
for discontinuation of treatment in 38.1% (16 women).
According to the study authors, norethisterone
acetate is an optimal drug for long-term treatment of
rectovaginal endometriosis, considering its low cost and
favorable pharmacological profile [41].

The study by S. Ferrero et al. included 40 patients
with confirmed colorectal endometriosis. A twelve-
month course of norethisterone therapy led to a
significant reduction in pain syndrome, dyskinesia,
and deep dyspareunia. After using the progestin for
12 months, a reduction in pain syndrome severity was
noted — 3.5 + 1.6 points (p < 0.001), dyskinesia, and
deep dyspareunia. Furthermore, a trend towards a
decrease in the frequency of dysmenorrhea and cyclical
rectal bleeding was observed [42].

Safety and Side Effects of Progestins

The renaissance of scientific and clinical interest
in dydrogesterone occurred after the first expected
side effects from progestins with androgenic,
glucocorticosteroid, and mineralocorticoid activity
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were identified. It is precisely such common adverse
reactions as weight gain, emotional lability, decreased
libido, rash, and hirsutism that cause low patient
compliance with treatment and become frequent
reasons for non-adherence to the treatment regimen
and, consequently, treatment ineffectiveness, as well
as endometriosis recurrence. Progestin side effects are
presented in Table 2.

It has been established that the high efficacy of
dydrogesterone at a relatively low dosage minimizes
the adverse reactions characteristic of most progestins.
It is also important to remember that to ensure
an effect in the context of possible progesterone
resistance, the gestagen’s binding to receptors must
be higher than that of endogenous progesterone [15].
Undoubtedly, dydrogesterone is a metabolically neutral
drug that carries minimal side effects. Norethisterone
acetate has weak androgenic activity and can cause
hirsutism, acne, and negatively affect the lipid profile.
The drug reliably suppresses luteinizing hormone (LH)
and follicle-stimulating hormone (FSH) secretion.

In the studies we examined, both with short-
term and long-term use of dienogest, patients also
experienced adverse reactions. According to the results
of a pooled analysis of four studies conducted within
the European research program, the most common
adverse events with dienogest were headache, breast
discomfort, acne, depressed mood, nausea, and weight
gain [44].

In the study by B. Cho et al., the most frequent
side effects were abnormal uterine bleeding (AUB) in
129 (4.14 %) patients, weight gain in 80 (2.57 %)
patients, and headaches in 38 (1.22 %) patients.
Analyzing the causes of adverse drug reactions,
the authors concluded that patients with a history
of allergies had a significantly higher risk of their
occurrence with combination therapy or concomitant
treatment compared to those without [20].

In the work by F. LaTorre et al., a study of long-

term dienogest treatment for 36 months was
conducted. At the first follow-up after starting
dienogest, after 12 months, 23 % of 114 patients
experienced breakthrough bleeding, of which

52 % had spotting, 38 % had light bleeding, and
10% had moderate bleeding; 22 patients (19 %)
discontinued the drug. Among the known reasons for
treatment discontinuation were: side effects (36 %),
ineffectiveness (27 %), a combination of ineffectiveness
and side effects (23 %), desire to become pregnant
(9 %), and seeking contraception (5 %). After 36 months
of follow-up, among the adverse reactions that led
to discontinuation of dienogest treatment, the most
frequent were: unsatisfactory contraception, decreased
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libido, vaginal dryness, and mood swings. On average,
treatment was discontinued after 7.2 months. The most
frequently registered side effects were fluid retention
(29.3 %), weight gain (26 % with a mean of 2.0 kg),
AUB (22.9 %), breast tenderness (20.7 %), abdominal
bloating (18.7 %), mood swings (17.4 %), headache
(16.3 %), decreased libido (15.2 %), vaginal dryness
(15.2 %), hot flashes (10.9 %), acne (10.8 %), hair loss
(9.8 %), insomnia (8.7 %), seborrhea (6.6 %), and
hirsutism (6.6 %) [45].

R. Vercellini et al. conducted a comparison of
standard doses of norethisterone acetate 2.5 mg
once daily and dienogest 2 mg once daily in 180 study
participants. In terms of adverse drug reactions, both
groups had a comparable frequency of occurrence.
However, on average, women gained weight twice as
often when taking norethisterone acetate—28 patients
(n = 89) — than in the dienogest group — 14 women
(n = 85) %. Spotting was reported by 22 % of patients
in the norethisterone acetate group and 16 % in the
dienogest group. After 6 months of treatment, 24 out
of 90 women in the norethisterone group were very
satisfied with their treatment, 40 were satisfied, 1 was
neither satisfied nor dissatisfied, 15 were dissatisfied,
and 10 were very dissatisfied. In the dienogest
group, the figures were: 45 out of 90 patients — very
satisfied, 20 — satisfied, 1 (1 %) — neither satisfied
nor dissatisfied, 14 — dissatisfied, and 10 — very
dissatisfied [26].

At the present stage, the choice of treatment
strategy is complex and should be based on a thorough
assessment not only of the clinical status but also of
drug tolerability, progesterone sensitization, and safety
profile analysis [46, 47]. Clinicians are also advised to
consider reversible and irreversible side effects when
determining which therapy may be most suitable
for specific patient groups [48, 49]. Thus, given the
multifactorial nature of endometriosis-associated pelvic
pain, a systematic monitoring and management of the
progestin therapy safety profile is a critical component
of a long-term therapeutic strategy, enabling sustained
disease control while maintaining a high quality of life
for patients [50].

Review Limitations

The conducted study has several important
limitations that may affect the interpretation and
generalization of the obtained results.

1. Limitation of design and methodology. The
authors conducted a non-systematic review, which is
the main limitation of this study. A systematic review’s
distinguishing advantage is the reproducibility of
results and transparency of methodology. In our case,
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the choice was made in favor of a narrative review,
as the studies included in this work were extremely
heterogeneous. Different criteria were used in various
articles to establish the diagnosis of endometriosis and
evaluate the results of its treatment.

2. Small studies and retrospective design. A
significant number of studies were retrospective and
had small sample sizes. Large pharmacoepidemiological
studies evaluating the efficacy of a particular drug in
the long term are lacking.

3. Contradictory results. Significant
contradictions were found in the results of different
studies regarding safety and adherence.

CONCLUSION

Currently, dydrogesterone is one of the strategic
options for treating endometriosis-associated pelvic
pain, especially in certain population groups with
dyslipidemia, diabetes mellitus, and obesity. The drug
does not negatively affect the lipid profile as it does not
lower high-density lipoprotein levels, which is crucial
for patients with an existing risk of cardiovascular
diseases; it does not worsen tissue sensitivity to insulin
and has minimal impact on carbohydrate metabolism,
making it a safe treatment option for women with
diabetes mellitus or a high risk of its development.
For patients with obesity or those at increased risk of
thromboembolic complications, dydrogesterone is
a more preferred alternative to progestins with high
thrombogenic activity. Thus, dydrogesterone represents
a first-line therapy drug for high-risk patients, without
worsening metabolic disorders.

As mentioned earlier, its main difference from
other progestins lies in its molecular structure,
which ensures safety, metabolic neutrality, and
minimal side effects necessary for long-term therapy.
Dydrogesterone’s high safety profile is a key advantage
in the long-term treatment of endometriosis. Despite
this, all available progestins today hold their rightful
place in the symptomatic and pathogenetic treatment
of CPPS and other symptoms caused by endometriosis.
Large multicenter RCTs are needed to clarify
dydrogesterone’s administration regimens, dosages,
treatment duration, comparisons with other progestins,
and the possibility of combination with other drugs
effective in endometriosis treatment. It is important to
develop an algorithm for more personalized therapy,
considering potential side effects.

According to the recommendations of the
European Society of Human Reproduction and
Embryology (ESHRE), the choice of a specific progestin
for endometriosis therapy should be determined
precisely by the individual side effect profile of each
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drug. This approach represents a key direction for
optimizing long-term disease management. The
implementation of personalized progestin selection
principles in clinical practice can significantly improve
patient adherence to treatment and enhance their
quality of life. The therapy optimization strategy
should include: thorough assessment of individual
risk factors for adverse reactions and comorbidities

in  women, regular monitoring of treatment
tolerability throughout the course of therapy, timely
correction of the treatment regimen if side effects
occur, and consideration of reproductive plans. The
implementation of this approach, recommended by
ESHRE, contributes to achieving an optimal balance
between treatment efficacy and tolerability, which is
the key to successful long-term disease control.
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The aim. To conduct a comparative analysis of long-term trends and structural features of patenting in the field of
biotechnology at the national and regional levels.

Materials and methods. The study is based on data from two patent offices: the Federal Service for Intellectual Property
(Rospatent) and the Eurasian Patent Office (EAPO) for the period from 2005 to 2024. The methodology includes a
quantitative analysis of patent applications with classification by applicant countries and industry areas of biotechnology.
Results. It was found that the share of biotechnological patents is 4.68% in Rospatent and 8.33% in EAPO. The
phenomenon of strategic duality was revealed: in the Russian Federation, Russian applicants dominate (61% of patents),
while in the EAPO their share is only 9%, while non-residents form extensive patent portfolios there. The dynamics of
patent activity demonstrates a clear correlation with external factors: an increase in the activity of non-residents in the
EAPO after 2014 and a shift in industry priorities in the Russian Federation from medical to industrial biotechnology after
2019. At the same time, domestic patent activity in Rospatent has decreased by 16.5% the last five years.

Conclusion. The results indicate a systemic imbalance: Russia pursues a predominantly internally oriented patent strategy,
focusing on the domestic market, and is significantly inferior in the formation of legal positions in the Eurasian space. The
predominance of foreign patents in the EAPO creates long-term risks for the competitiveness of Russian developments in
the region. The data obtained can be useful in the development of state programs to improve Russia’s competitiveness in
the framework of biotechnological areas in the global market.

Keywords: patent; patent portfolio; biotechnology; innovation; competitiveness; economic trend

Abbreviations: CNIPA — China National Intellectual Property Administration; EPO — European Patent Office;
JPO — Japan Patent Office; IP5 — USPTO, EPO, JPO, KIPO and CNIPA; KIPO — Korean Intellectual Property Office; USPTO
— United States Patent and Trademark Office; WIPO — World Intellectual Property Organization; DNA — deoxyribonucleic
acid; EAPATIS — Eurasian Patent Information System; EAPO — Eurasian Patent Office; IPC — International Patent
Classification; RNA — ribonucleic acid; Rospatent — Federal Service for Intellectual Property; FIPS — Federal Institute of

Industrial Property.
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Lienb. MpoBecT! cpaBHUTENbHbIN aHaN3 JONTOCPOUHbIX TEHAEHLMI U CTPYKTYPHbIX OCOBEHHOCTE NaTeHToBaHUA B chepe
6MOTEXHONOMMI HA HALLMOHANIBHOM U PEFMOHAIbHOM YPOBHSAX.

Martepuanbl U meTogbl. ViccnefoBaHMe OCHOBAHO Ha AaHHbIX ABYX MATEHTHbIX BegomcTs: PegepanbHOM CAy:KObl Mo
WHTENNIeKTYyaNbHOM cobcTBeHHOCTM (PocnaTeHT) u EBpasuiickoro mateHTHoro Begomctea (EAMB) 3a nepuog ¢ 2005 no
2024 rr. MeTopo0/0rMA BKNOYAET KONMYECTBEHHDIM aHa/NN3 NAaTEHTOB C YY4€TOM CTpaH-NpaBoobaagatenei U oTpac/ieBbix
HanpasaeHU 6MOTEXHONOTUN.

Pe3ynbTatbl. YCTaHOBNEHO, YTO [0/1A BUMOTEXHO/MIOTMYECKMX NaTeHTOB cocTasnseT 4,68% B PocnateHTe u 8,33% B EAIB.
BbiABNeH GeHOMEeH CTpaTernyeckoi ABOWCTBEHHOCTU: B PD poccuiickue 3asBUTENIM AOMUHUPYOT (61% naTeHToB), Toraa
Kak B EAMB ux pona coctasnfer nuwb 9%, Npu 3TOM Hepe3naeHTbl GOopMMpPYIOT OBLIMPHbIE MaTeHTHble nopTdenu.
[OMHaMWMKa MaTeHTHOM aKTUBHOCTU [AEMOHCTPUPYET YETKYI0 KOppesnAuMio C BHEeWHMMM (paKTopamMu: POCT aKTUBHOCTU
He poccuickux 3assutenein B EAMB nocne 2014 r. M cAaBwUr OTpac/ieBbiXx MpuopuTeToB B PP OT mMeguLMHCKUX K
NMPOMBbILLIEHHBIM 6UoTexHoNOrMAM nocne 2019 r. Mpu 3ToM OTeYecTBEHHAA NAaTEHTHAA aKTUBHOCTb NO AaHHbIM 633 AaHHbIX
PocnaTeHTa B nocnegHue 5 net cHm3uaach Ha 16,5%.

3akntoueHue. PesynbTaTbl CBUAETE/NILCTBYIOT O CUCTEMHOM aucbanaHce: Poccua peanusyeT npevmyLLecTBEHHO
BHYTPEHHE-OPUEHTMPOBAHHYIO MATEHTHYIO CTpaTerunto, GpOoKyCMpyACb Ha BHYTPEHHEM PbIHKE, M 3HAYUTE/NbHO YycTynmaert
B (GOpPMMPOBaHWM NPaBOBbIX MO3ULMIA Ha eBPasMIUCKOM NpocTpaHcTBe. [peobnagaHWe WHOCTPAHHbLIX MaTEHTOB,
3aperncTpupoBaHHbix B EAMB, co3paeT JONTOCPOYHbIE PUCKU A1 KOHKYPEHTOCMOCOOHOCTM POCCUMICKMX pPa3paboTok
B pernoHe. MonyyeHHble AaHHble MOTyT ObiTb MOMEe3Hbl NPU pPa3paboTke rocyAapCTBEHHbIX MPOTrPaMM MO MOBbLILLIEHWIO
KOHKYPeHTOCnocobHoCcTH Poccum B pamkax BUOTEXHONOTMYECKMX HanpPaBNEHNI Ha MUPOBOM PbIHKeE.

KntoueBble cnoBa: naTeHT; MaTeHTHbIV NopTdesb; 6BUOTEXHONOMMA; MHHOBALMK; KOHKYPEHTOCNOCOBHOCTL; SKOHOMUYECKUIA
TpeHA,

Cnucok cokpaweHuii: CNIPA — HauMoHanbHOe ynpaBnAeHWEe WHTENNEKTyanbHOW cobcTBeHHOCTM Kutas; EPO —
EBponelickoe naTteHTHoe BeaomctBo; JPO — [MateHTHoe BegomctBo fAnoHuu; IP5 — USPTO, EPO, JPO, KIPO mn CNIPA;
KIPO — KopeicKkoe BeAOMCTBO WHTENNEeKTyaNbHOW cobcTBeHHocTM; USPTO — BeAomMcTBO MO MaTeHTam WM TOBApHbIM
3Hakam CLUA; BOUC — BcemupHasa opraHu3auma MHTeNNeKTyanbHOU cobetBeHHOCTH; AHK — ne3okcMpuboHyknenHosasn
Kkucnota; EAMATUC — EBpa3uiickaa naTeHTHas MHPopmaLmoHHas cuctema; EAMNB — EBpa3suiickoe naTeHTHOe BeAOMCTBO;
MMNK — MexayHapoaHaa naTteHTHas Knaccudurauma; PHK — puboHyknenHoBasa Kucnota; PocnateHT — depepanbHas
cnyk6a no MHTeNNeKTyanbHol cobcTeeHHocTH; PUMC — DesepanbHbli UHCTUTYT NPOMBILNEHHOW COBCTBEHHOCTY.

investor interest in

the field of

INTRODUCTION

Biotechnology permeates many areas of the
economy, from healthcare and agriculture to industry
and ecology [1-3]. It is one of the key factors in
addressing global challenges such as ensuring food
security, improving the quality of medical care, and
transitioning to an sustainable
economy [4-6].

environmentally

Tom 14, Beinyck 1, 2026

Recently,
biotechnology has been growing worldwide [7-9]. For
example, if in 2013 there were about 40 biotechnology
companies in the US market [10-12], then in 2020
investor interest was at peak [13—-15]. Thus, in the first
half of 2020, US biotechnology companies attracted
$9.4 billion in investments, exceeding the 2018 figure
(over $6.5 billion). The market volume for these
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technologies is projected to be $30.7 billion in 2025,
and up to $121.9 billion' by 2034 (average annual
growth rate is 14.8 %) [16—18].

In Russia, the volume of the biotechnology
market reached 440 billion? rubles in 2024. In 2025,
the large-scale National Project “Bioeconomy” was
launched to create the necessary infrastructure for
processing biomass in the country, and stimulate
the development of innovations for agriculture,
environmental protection, and drug manufacturing. Its
goal is to achieve technological superiority in the field
of bioeconomy and reduce import dependence by half.
According to the forecast of the Center for Industry
Expertise (CIE) of the Russian Agricultural Bank3, the
biotechnology market could grow to 700 billion rubles
by 2028, and by 2036, Russia intends to become one
of the leading countries in this sector* [19]. For this
purpose, the technological platform “Bioindustry and
Bioresources,” known as “BioTech2030”°, has been
established. An urgent task for these programs is to
identify prospects, the pace of innovative development
in the industry, and to improve the effectiveness of
state policy aimed at supporting innovations and
implementing their development programs [22-24].

The effectiveness of such state programs is aimed
to stimulate the creation and implementation of
innovations through their monitoring using patent
activity analysis, appears to be effective, helping to
determine which sectors demonstrate the greatest
progress and which are slowing down [25-27]. For
instance, the World Intellectual Property Organization
(WIPO) recognizes patent information as a unique
source of information playing an important
in strategic business plans for both countries and
companies®.

In 2024, the Joint Research Centre (JRC) of the
European Commission conducted an analysis of patent

role

! Ruban S. A look into the future of biotechnology: trends, forecasts
and investments. Finversion. Available from: https://www.finversia.
ru/publication/vzglyad-v-budushchee-biotekhnologii-tendentsii-
prognozy-i-investitsii-153366. Russian

2 BusinesStat. Analysis of the biotechnology market in medicine and
biopharmaceuticals in Russia in 2020-2024, forecast for 2025-2029:
demo version. Available from: https://businesstat.ru/images/demo/
medbiotech_and_ biopharmaceuticals_russia_demo_businesstat.pdf.
Russian

3 The biotechnology market in the agro-industrial complex will grow
to 190 billion rubles by 2028; Rosselkhoznadzor; 2025. Available
from: https://www.rshb.ru/news/16052025-000002. Russian

4 Nosova A. First glance: the State Council discussed the new
national project “Bioeconomics”. We explain.rf. Available from:
https://o6bacHaem.pd/articles/useful/v-gossovete-obsudili-novyy-
natsproekt-bioekonomika-/. Russian

° BIOTECH2030. Available from: http://biotech2030.ru/. Russian

& Inventing the future. A WIPO publication. The series “Intellectual
Property for business”. Available from: https://www.wipo.int/export/
sites/www/sme/en/documents/ guides/customization/inventing_
future_ru.pdf. Russian
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activity in the field of emerging biotechnologies [28].
The overall research scheme in Figure 1.

The study examined patents granted in at least
two patent offices of the IP5 consortium: USPTO
(USA), EPO (EU), JPO (Japan), KIPO (Korea), and CNIPA
(China)’. All documents were grouped according to the
International Patent Classification (IPC) categories into
four directions of biotechnology: agricultural, industrial,
medical, and horizontal (application in various fields).
The conducted analysis showed that biotechnology
patents constitute about 5 % of the total number of
patents granted in the IP5 countries for the period from
2001 to 2020. Moreover, over 96 % of patents in this
sector relate to developments in industry and medicine.
The leader in the number of patents in the field of
biotechnology is the USA (39 %); the European Union
is in second place (18 %, regional patents granted by
the EPO); and China is in third place (10 %). The results
of the conducted research allow for the formation of a
picture of global trends in biotechnology patenting.

At the same time, the specifics of the Russian
national patent landscape in the field of biotechnology
are insufficiently known. Our study analyzed the

distribution of patents for inventions related to
biotechnological directions, operating in Russia,
granted by Rospatent and the Eurasian Patent

Office (EAPO) in 2005-2024. The inclusion of EAPO
patents in the analysis is due to the fact that patents
granted by EAPO are valid in Russia. The analysis
focuses on four key areas identified by European
Commission specialists. The relevance of patent
documentation for assessing the innovative potential
of a country and individual companies in this field,
and for identifying risks of excessive penetration of
foreign inventors into the market, is due to its unique
properties: such documentation is structured, unified
for most countries, and includes information about
the invention, its claims, description, and drawings,
which facilitates its study by researchers worldwide,
accelerating data search, trend analysis, and competitor
research directions. Patents are published at early
stages of development, long before their market
appearance, which allows for a quick assessment of
innovation implementation potential, promising market
segments, and risks of rights infringement.

The IPC is a useful tool for searching for the
necessary information in patent documents. Developed
by WIPO in 1971, the IPC has become firmly established
as the most durable patent classification®. It serves as
the basis for systematizing patent documents in over

71P5. Available from: https://www. fiveipoffices.org/home
8 WIPO. Available from: https://www. wipo.int/ru/web/classification-
ipc/preface
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100 countries, covering more than 75,000 categories,
grouped into 8 main sections. Each IPC level reflects a
specific technical area, simplifying the search and study
of patent information [29, 30].

THE AIM. To conduct a comparative analysis of
long-term trends and structural features of patenting in
the field of biotechnology at the national and regional
levels from 2005 to 2024.

MATERIALS AND METHODS

An analysis of invention patents registered from
January 1, 2005, to December 31, 2024, in Rospatent
and EAPO was conducted using the databases of the
Federal Institute of Industrial Property (FIPS)° and the
Eurasian Patent Information System (EAPATIS)Y. The
choice of this time period is related to the analysis of
long-term trends under significant geopolitical changes.
The lower boundary (2005) was chosen because by this
time the Eurasian Patent System had already completed
its 10-year establishment phase. The comparison of
patent activity allowed for a comparable analysis of
two systems: the National (Rospatent) and the Regional
(EAPQ). The upper boundary (2024) is determined
by the relevance of the data for forming a modern
picture, including assessing the impact of key events
of the last decade, such as the sanctions regime since
2014 and the COVID-19 pandemic. The chosen period
is statistically significant, allowing for the leveling of
short-term fluctuations and the identification of long-
term trends. Furthermore, it is precisely 20 years that
is the maximum term of validity for an invention patent.

Within the chosen period, the number of
inventions related to biotechnology as a whole
identified in the FIPS database was 26,805 units, and
3,601 units in the EAPO database (in all selected EAPO
patents, Russia is indicated as the country for which
legal protection is sought). Their grouping and analysis
were carried out using the color classification proposed
by the Joint Research Centre (JRC) of the European
Commission’s  Science and Information Service.
According to this classification, biotechnology is divided
into four color categories of application: red (medicine,
healthcare), white (industry), green (agriculture), and
horizontal (various fields of application). Each color is
associated with a set of IPC categories'! [31-34].

° Rospatent’s search platform. Available from: https://searchplatform.
rospatent.gov.ru/. Russian

10 EAPATIS. Available from: https://www.eapatis.com/index.htm

1 Friedrichs S.B. van Beuzekom. Revised proposal for the revision
of the statistical definitions of biotechnology and nanotechnology.
OECD Science, Technology and Industry Working Papers. Available
from:  https://www.oecd.org/en/publications/  revised-proposal-
for-the-revision-of-the-statistical-definitions-of-biotechnology-and-
nanotechnology_085e0151-en.html

Tom 14, Beinyck 1, 2026

Thus, agriculture (green category) includes IPC
indices such as: A01H1/0 (methods of modifying
genotypes), AO1H4/00 (breeding of plants from tissue
cultures), A01K67/00 (breeding of animals, feeding
of animals, or breeding of new animal breeds; new or
modified animal breeds). Medicine and healthcare
(red category) includes the most numerous group of
IPC categories (categories are given in abbreviated
form): A61K35/12-768 (materials from mammals;
compositions containing undifferentiated tissues or
cells; compositions containing non-embryonic stem
cells; genetically modified cells — vaccines, drugs
containing antigens or antibodies, microorganisms,
materials derived from them); categories related to
drugs containing peptides (A61K38/00), antigens or
antibodies (A61K39/00), genetic material (A61K48/00),
areas of organic chemistry — compounds of
unknown structure: antibiotics (C07G11/00), vitamins
(C07G13/00), hormones (C07G15/00), various peptides

(CO7K4/00, CO7K14/00, CO7K17/00, C07K19/00),
immunoglobulins  and  antibodies  (C07K16/00),
various types of analyses: chemical analysis of

biomaterials (blood, urine) and immunological tests
(GO1N33/50), immunological analysis, biospecific
binding (GO1N33/53, GO01N33/54), investigation of
materials by special methods — with an inorganic
carrier, a carrier — a biological cell or its fragment
(GO1N33/55), using microorganisms causing venereal
diseases; enzymes or isoenzymes; cancer; hepatitis;
monoclonal antibodies; limulus lysate (GO1N33/57),
immunological tests — using proteins, peptides, or
amino acids (GO1N33/68), hormones (G01N33/74),
human chorionic ~ gonadotropin (GO1N33/76),
thyroid hormones (GO1N33/78), prostaglandins
(GO1N33/88), using fats, e.g., cholesterol (G0O1N33/92).
The white category (industry) includes categories:
biological treatment of water, characterized by
the microorganisms used (CO02F3/34), devices for
enzymology or microbiology (C12M), microorganisms
or enzymes; their compositions; reproduction,
preservation, or maintenance of microorganisms;
mutations or genetic engineering; culture media
(C12N), fermentation or synthesis of
chemical compounds or compositions, or separation
of racemic mixtures into optical isomers (C12P),
methods of measurement or testing using enzymes,
nucleic acids, or microorganisms; compositions or
indicator papers therefor; methods of obtaining such
compositions; control of conditions in microbiological
or enzymatic processes (C12Q). The horizontal
category includes categories: combinatorial chemistry;

enzymatic
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libraries, e.g., chemical — directed molecular evolution
of macromolecules, e.g.,, RNA, DNA, or proteins
(C40B10/00); libraries contained in microorganisms
or discovered by microorganisms, e.g., bacteria or
animal cells; contained in vectors or discovered by
vectors, e.g., plasmids; containing only microorganisms
or vectors (C40B40/02), containing nucleotides or
polynucleotides or their derivatives (C40B40/06),
containing RNA or DNA that encode proteins, e.g.,
gene libraries (C40B40/08); methods of preparing
libraries — biochemical, e.g., using enzymes or whole
living microorganisms (C40B50/06), investigation or
analysis of materials by electrical, electrochemical,

or magnetic means — biochemical electrodes
(GO1N27/327); information and communication
technologies specifically adapted for particular

application fields:
communication technologies specifically adapted for
processing genetic data or protein-related data in
computational molecular biology; computer chemistry;

bioinformatics (information and

chemoinformatics; computational materials science)
(before 2018: GO6F19/10-24; after 2018: G16C, G168,
G162).

Statistical analysis

The article uses data on patent activity in the field
of biotechnology in the Russian Federation. Patent
selection was carried out according to IPC categories.
For this purpose, available statistical data based on data
from Rospatent and the Eurasian Patent Office (EAPO)
were used.

RESULTS

From 2005 to 2024, patents in the field of
biotechnology accounted for 4.5 % (26,805 units) of
the total number of patents registered in Rospatent
(593,866 Russian Federation patents were registered
across all technologies), and 8.33 % (3,601 units) in
EAPO (43,229 Eurasian patents across all technologies).
Over the study period, the annual ratio of patents
obtained by residents (inventors from Russia) in
Rospatent exceeded the number of patents obtained
by non-residents (inventors from other countries).
Over 20 years, non-residents received 39 % of the total
number of patents related to biotechnology, while
Russians received 61 %. This data demonstrates either
a lack of interest from non-residents in promoting
biotechnological developments in the Russian market,
or, in the opinion of foreigners, a lack of competition in
this field in Russia.

In Eurasia, the patent activity of Russians shows

22

the opposite — their activity is extremely low: over
the study period, they received only 9 % of all patents
obtained in this period in the field of biotechnology,
while inventors from other countries received many
times more. The leaders in the number of patents in
the field of biotechnology in the Russian Federation
over the last 20 years are Russia and the USA (Table 1).
However, while in Rospatent more than 58 % of
patents in this field belong to Russian inventors, and
only 12 % to American inventors, in EAPO the share of
patents from Russians is only 8.66 %, while the share
of inventors from the USA is 38.27 %. Inventors from
other countries predominantly chose to register their
biotechnological inventions in Rospatent rather than
EAPO. This may be due to the strategy of promoting
patented developments in the Eurasian markets. As
a rule, they are registered in other countries during
export, localization of production, or in joint projects.
The decision on foreign patenting requires the presence
of industrial capacities in the country for product
manufacturing. If these are insufficient or absent,
the risk of infringement of exclusive rights is reduced,
and financial investments in such patenting are not
advisable.

The number of countries that most actively
obtained exclusive rights in the field of biotechnology
in the Russian Federation from 2005 to 2024 were
identified (see Table 1).

They demonstrated a steady growth in their patent
portfolios in the field of biotechnology in the Russian
Federation throughout the study period (USA, UK,
Korea, China). Others reduced their patent activity only
in 2020-2024 (Switzerland, France).

The USA has shown a stable growth trend in the
number of biotechnology patents obtained in Russia
over the past 20 years (from 2005 to 2024), it increased
by more than 3.7 times. The UK also shows steady
growth from 2005 to 2024, with an increase in the
number of patents obtained in Russia by 2.5 times,
Korea — by 10.4 times, China — by 12.9 times.

To understand patent activity trends, it is important
that an invention patent is valid for 20 years (Article
1363, Paragraph 1 of the Civil Code of the Russian
Federation, Part Four). A valid patent grants the right
holder the ability to dispose of the exclusive right to
what is patented, including prohibiting others from
using it (Article 1229, Paragraph 1 of the Civil Code of
the Russian Federation). Obtaining patents by non-
residents in other countries indicates their desire for
long-term promotion of their developments in that
market.
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It is worth noting that although after the growth
in patent activity from 2005 to 2019, a number of
in 2020-2024, the
number of patents still remained at a level comparable
to 2005-2009 (Switzerland, France) (Table 2).

From 2020 to 2024, Russia registered 16.48 %
fewer patents compared to the period 2005-2009. This
may indicate a lack of tangible results related to current

countries showed a decrease

state support.

In EAPO, an increase in patent activity of the
in the field of
biotechnology from 2005 to 2024 was also noted
(Table 3). The highest activity over the analyzed
20 years in EAPO was shown by the USA (growth
of more than 27.7 times), Russia (growth of 34 times),
and Germany (growth of 12 times).

Since 2015, a stable growth trend in patent activity
has been observed according to the EAPO patent
register, with a peak intensity in 2020-2024. From
2005 to 2014, 356 patents in the field of biotechnology
were granted within EAPO, and over the next 10 years,

aforementioned TOP-10 countries

this number increased ninefold. A possible reason is
the sanction pressure from, in particular, EU countries
(including Germany, Netherlands) since 2014 for Russia,
but not for Eurasia®’. An increase in patenting activity in
EAPO in the field of biotechnology is noticeable in the
example of Germany. Thus, since 2015, an increase in
patents obtained by inventors from Germany has been
observed in EAPO: from 2005 to 2014, 34 patents were
registered, and from 2015 to 2024, this figure increased
7.3 times.

Obtaining a Eurasian patent is attractive to

inventors because it provides protection in 8
member states of the Eurasian Patent Organization
(EAPQ) simultaneously: Azerbaijan, Armenia,
Belarus, Kazakhstan, Kyrgyzstan, Russia, Tajikistan,
Turkmenistan, based on a single application, which
makes the process of obtaining it simpler and more
cost-effective than filing applications in each country
separately.

In the context of global economic transformation,
countries in the Eurasian region attract the attention
of foreign investors due to their rich natural resources,
human and industrial potential, infrastructure, and
favorable geopolitical location [35—-37].

Analysis of invention related to
biotechnology that 20-year

period, the attention of inventors registering their

patents

showed over the

2 The history of EU sanctions against Russia // TASS. — Available from:
https://tass.ru/info/2322 9017?ysclid=mbhodqghgi0779152711
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developments in Rospatent and EAPO was primarily
focused on industrial and medical biotechnologies.
According to Russian Federation patents, inventions
in the industrial biotechnology sector accounted for
13,309 units, healthcare — 12,561, agriculture — 858,
and horizontal (multisectoral) biotechnologies — 73.
Moreover, while medical biotechnology dominated
from 2005 to 2019, biotechnology has
dominated since 2020 (Table 4). In Eurasia, on the

industrial

contrary, patent activity in healthcare has increased
from 2015 to 2024 (Table 5). This difference in trends
between national and regional offices is likely related
to the beginning of growth in industrial production
in Russia in preparation for and ensuring the conduct
of the Special Military Operation (SMO). The growth
in EAPO patent activity in healthcare may reflect the
global trend of 2019-2020 in creating and patenting
new drugs and vaccines based on biotechnology, in
connection with the pandemic and risks of future
epidemics.

Analysis of the four directions of biotechnology,
considered through the lens of patents granted by
Rospatent (Table 6), showed that Russia and the USA
are leaders in patenting in three biotechnological
directions — medicine, industry, and agriculture.
According to identified Russian Federation patents,
inventors from Russia received 8,246 patents in the
medical field, and inventors from the USA — 1,540
patents. In the industrial sector, inventors from Russia
obtained 8,178 patents, and from the USA — 1,791
patents. For agricultural developments, inventors from
Russia obtained 727 patents, and from the USA — 115
patents. Patenting of developments in the horizontal
biotechnology sector in Russia was only attractive
to inventors from the UK (21 Russian Federation
patents), the USA (17 Russian Federation patents), and
Switzerland (13 Russian Federation patents).

The study of EAPO patents showed similar trends
(Table 7). The medical category is most attractive to
inventors from the USA (901 EAPO patents), Russia
(176), and Germany (174). These countries are also
attracted to the industrial sector with the highest
number of patents from inventors from the USA,
Russia, and Germany. The agricultural and horizontal
sectors are not particularly popular in the Eurasian
region. This may be explained by the fact that Russia
has large agricultural lands where farming is conducted
more traditionally, making patenting irrelevant.
Furthermore, the USA may have different methods

of conducting agriculture and, consequently, uses
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biotechnological developments that are not relevant
to Russia and the Eurasian region. The scarcity of the
horizontal biotechnology sector is unlikely to be reliably
assessed due to its very limited scope. This includes
isolated, almost random, cases of patenting on specific
topical subjects that do not represent a trend for Russia
or the Eurasian region during the period under review.

Being among the leaders in the number of
patents does not always indicate technological
sovereignty in a particular field, as it is necessary to
consider what exactly the patents were granted for
[38-40]. Patenting of specific cases of application
or obtaining known products technologies
does not lead to technological sovereignty; it only
complements the reliability of legal protection and
defense of a key development, which in the field of
biotechnology can be a compound, a gene construct,
a nucleotide sequence, an amino acid sequence, a
protein, etc. [41-42].

As part of a comparative study of the patent

and

strategy of Russian and foreign inventors in

biotechnology, the direction of peptides was analyzed.
Peptides are classified under IPC categories: CO7K —
peptides, A61K38 — medicinal preparations containing

peptides. From 2005 to 2024, Rospatent registered
7,518 patents for inventions related to peptides: 2,592
from Russian inventors and 4,926 from other countries.
During the same period, EAPO issued 1,938 patents
dedicated to peptides. Of these, 114 were obtained
by inventors from the Russian Federation, and 1,824
from other Moreover, inventors from
other countries showed stable inventive activity and

countries.

demand in patenting inventions related to peptides,
in contrast to inventors from Russia, who, despite
increased government attention to biotechnology,
halved their inventive activity in this field (Table 8) and
only slightly increased the number of EAPO patents
obtained by Russians (Table 9). Non-Russian inventors
showed record growth, increasing the number of EAPO
patents by 2.9 times from 2020 to 2024 compared
to 2015-2019.

Although the period 2020-2024 is marked by a
decrease in the activity of Russian inventors in the
field of peptides, there is a positive trend: residents
have begun to focus more on patenting products
(key commercially attractive developments). This
trend is observed in both Russian patents and EAPO
patents (Tables 10 and 11).

Selection criteria: patents granted in
at least two IP5 consortium jurisdictions
during the period 2001-2019

l

Ve
Research methodology: patents
were divided into 4 categories
according to IPC codes
(agricultural, industrial, medical
and horizontal)
A

A 4

Key objectives

—

\ (
Determine the share
of biotechnology patents
out of the total number

Assess the distribution
of patent activity across
biotechnology fields

| ”, Identify leaders

by the number
of biotechnology patents

|

Main conclusions ‘

!

Biotechnology patents
constitute 5% of the total
number of patents granted
by IP5 during the period
2001-2019

Over 96% of biotechnology
patents relate to
developments in the
industrial and medical fields

Leaders by the number
of biotechnology patents:
USA — 39 %, EU — 18 %,

China — 10 %

Figure 1 — Scheme of patent activity analysis in emerging biotechnologies conducted by JRC.
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Table 1 — TOP-10 countries that most actively obtained exclusive rights for their developments
in biotechnology in the Russian Federation from 2005 to 2024

Number of patents obtained Number of patents obtained

ety in Rospatent, units Gy in EAPQO, units.
Russian Federation 16 376 USA 1378
USA 3401 Russian Federation 312
Switzerland 875 Germany 282
Germany 874 Netherlands 216
Japan 844 Switzerland 209
Korea 608 France 134
France 538 United Kingdom 134
United Kingdom 381 Japan 127
China 379 Denmark 116
Denmark 265 Belgium 102

Table 2 — Dynamics of patent acquisition in Rospatent by inventors from TOP-10 countries over 20 years

Number of RF patents obtained

Applicant country

2005-2009 2010-2014 2015-2019 2020-2024

Russian Federation 3992 4442 4 608 3334
USA 325 704 1164 1208
Germany 174 197 271 232
Switzerland 116 200 336 223
Japan 109 224 267 244
France 63 128 205 142
United Kingdom 55 68 120 138
Denmark 43 79 68 75
Republic of Korea 31 60 193 324
Netherlands 23 99 138 94
Belgium 20 33 45 49
China 18 37 91 233

Table 3 — Dynamics of patent acquisition in EAPO by inventors from countries included
in the TOP-10 over 20 years

Number of EAPO patents obtained

Applicant country

2005-2009 2010-2014 2015-2019 2020-2024
USA 34 41 364 941
Russian Federation 5 31 116 170
Germany 14 20 79 168
Switzerland 7 19 66 117
Netherlands 0 0 61 104
United Kingdom 2 8 30 96
Japan 7 5 32 83
Belgium 1 3 29 69
China 0 1 19 62
Denmark 10 14 34 58

Table 4 — Data on the distribution of registered patents in Rospatent by year and according
to color classification

Number of RF patents obtained

Biotechnology directions

2005-2009 2010-2014 2015-2019 2020-2024
Healthcare 3042 3552 4123 1844
Industry 4993 3634 2982 2 000
Agriculture 323 211 281 134
Horizontal biotechnologies 0 32 50 18
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Table 5 — Data on the distribution of registered patents in EAPO by year and according to color classification

Biotechnology

Number of EAPO patents obtained

directions 2005-2009 2010-2014 2015-2019 2020-2024
Healthcare 0 13 610 1556
Industry 137 206 399 633
Agriculture 0 0 12 134
Horizontal 0 0 0 6

biotechnologies

Table 6 — Statistical data on the distribution of registered patents in Rospatent by country and according

to classification by direction

Applicant country Healthcare Industry Agriculture Horizontal direction
Russian Federation 8246 8178 727 7
USA 1540 1791 115 17
Germany 444 464 3 2
Switzerland 488 389 2 13
France 269 271 8 0
United Kingdom 167 199 3 21
Japan 380 474 8 4
China 126 254 2 0
Korea 209 408 1 1
Denmark 138 133 0 0

Table 7 — Data on the distribution of registered patents in EAPO by country

and according to color classification

Applicant country Healthcare Industry Agriculture Horizontal direction
USA 901 467 6 4
Russian Federation 176 130 1 5
Germany 174 105 0 3
Netherlands 73 0 0 8
Switzerland 135 73 0 2
France 81 48 0 5
United Kingdom 93 79 0 2
Japan 69 60 0 0
Denmark 55 59 0 2
Belgium 77 24 0 1
Table 8 — Dynamics of RF patent acquisition for developments related to peptides
. Patent acquisition period, years
Applicant
2005-2009 2010-2014 2015-2019 2020-2024
Resident 680 800 791 321
Non-resident 633 1124 1582 1587

Table 9 — Dynamics of EAPO patent acquisition for developments related to peptides

Applicant

Patent acquisition period, years

2005-2009 2010-2014 2015-2019 2020-2024
Resident 1 6 47 60
Non-resident 32 44 443 1305
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Table 10 — Patenting objects in RF patents for developments related to peptides

Patent acquisition period, years

2005—-2009 2010-2014 2015-2019 2020-2024
Patenting object product “method” product “method” product “method” product “method”
Applicant only only only only
Resident 236 444 375 425 316 475 233 88
Non-resident 511 122 944 180 1443 139 1489 98
Table 11 — Patenting objects in EAPO patents for developments related to peptides
Patent acquisition period, years
2005—-2009 2010-2014 2015-2019 2020-2024
Patenting object product “method” product “method” product “method” product “method”
Applicant only only only only
Resident 0 1 6 0 40 7 54 6
Non-resident 29 3 41 3 375 68 1188 117
DISCUSSION correlation with the foreign policy context. The sharp

The conducted analysis of patent activity in the
field of biotechnology for the period 2005-2024
reveals a complex and ambiguous picture of the
Russian Federation’s positioning in both national and
regional markets. The obtained data indicate structural
imbalances and a dependence of patenting dynamics
on geopolitical and macroeconomic factors.

In the domestic market, there is a stable
dominance of Russian applicants, who account for
61 % of the total number of invention patents related
to biotechnology. This may be an indicator of significant
scientific and technical potential and active inventive
activity in the country. However, simultaneously, this
situation allows for the hypothesis of insufficient
competition or limited commercial attractiveness of
the Russian biotechnology market for leading foreign
players, with the exception of strategically oriented
companies from the USA, China, and a number of other
countries, which demonstrate a steady growth in their
patent portfolios.

In the context of the Eurasian Patent Office (EAPO),
the picture changes radically. The share of Russian
patents here is only 9 %, which indicates a critically low
level of external patent activity by domestic developers.
The Eurasian space has become a zone of strategic
dominance for non-residents, primarily from the USA
(38.27 %) and European Union countries. This creates
a paradoxical situation: inventions created in Russia are
actively protected within national borders, but their
legal protection and potential market opportunities
across the entire Eurasian region are extremely limited.
In the future, this could lead to legal and commercial
barriers for Russian developments in the Eurasian
market.

The dynamics of patent activity show a clear

Tom 14, Beinyck 1, 2026

increase in patenting through EAPO by Germany, the
Netherlands, and other countries since 2014-2015
can be seen as an element of economic strategy under
sanctions, allowing them to maintain legal positions
and control over technologies in the Eurasian market.
The corresponding growth in Russia’s indicators in
EAPO (34-fold over 20 vyears) reflects the course
towards Eurasian economic integration. However, a
negative signal is the decrease in the absolute number
of domestic patent applications in Rospatent in the last
five-year period (by 16.48 % compared to the baseline
period 2005-2009). This trend suggests the need for
additional state support measures in the context of
declared goals for achieving technological sovereignty.

Significant differences are also observed in the
sector structure of patent flows. In Russia, since
2019, a shift in priorities from medical to industrial
biotechnology has been noted, which is a direct
consequence of import substitution policies and
preparation for changes in foreign economic conditions.
This trend reflects the adaptation of the national
innovation system to the geopolitical situation. In EAPO,
on the contrary, the global trend associated with the
COVID-19 pandemic — growth in activity in the field of
medical biotechnology — persists and is strengthening.
This emphasizes that for international companies, the
Eurasian region remains a promising market for high-
tech medical products.

Thus, the study conducted showed that Russia
demonstrates a patent strategy focused on the
domestic market and sectors related to increased
industrial production. At the same time, there is a
noticeable lag in establishing legal positions in the
integrated Eurasian market, where foreign companies
hold dominant positions. To change this trend, a
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comprehensive set of measures is required, going
beyond general support for inventiveness. Targeted
programs to stimulate foreign patenting, in-depth
analysis of foreign patent portfolios to identify niches
and minimize legal risks, as well as the development
of a balanced sector policy that combines the
development of critically important industrial
biotechnologies with support for competitive medical
research oriented towards global and regional markets
are necessary.

Study Limitations

This study, despite the representativeness of the
data and the identified significant trends, has several
methodological limitations that are important to
consider when interpreting the results and planning
future work:

e The study operates with data on granted
patents; however, several years can pass
between the moment of application filing, the
decision on commercialization, and the granting
of a patent. Thus, the obtained data may not
fully reflect the current decline or growth in
inventive activity due to administrative delays.

e The study focuses on the number of patents
and their affiliation with sector but does not
assess their qualitative aspects — technological
significance, commercial potential, and so on.
Consequently, leadership in the number of
patents does not necessarily mean leadership in
breakthrough developments.

e The analysis of dynamics focuses on leading
countries, which provides a general picture but
may overlook important specific changes in the
activity of smaller players or the emergence of
new ones.

e The study analyzes the supply of technologies
(patents) but does not consider the demand for
them from industry and the market. Low patent

activity in any area may be a consequence of
the absence of visible demand or production
capacities for implementation, which is partly
noted in the text but is not the subject of in-
depth analysis.

The indicated limitations do not negate the main
conclusions of the study regarding the structural
imbalance of patent strategies and the dominance of
non-residents in EAPO, but they set the framework for
their correct interpretation.

CONCLUSION

The field of biotechnology demonstrates
continuous growth due to technological progress
and increased investment driven by the global need
for innovations across various industries. Growth
determines the development of the industry, which
companies will have to pay attention to in order to
maintain competitiveness. A legal framework is needed
that creates conditions for effective management
of patent-protected innovations, as a key factor
of competitiveness in the global biotechnology
market and for achieving technological sovereignty.
In leading biotechnology countries like the USA
and China, the state pays special attention to this
aspect. This indicates the importance of active
state participation in regulating and stimulating the
development of this industry to ensure its sustainable
growth and maintain competitiveness. The level of
biotechnology development is clearly reflected in
the quantity and quality of invention patents in this
field. To adequately assess the potential of created
innovations in their various aspects, it is advisable
to classify them by categories, which serves as an
important tool for understanding their economic
impact. Patent activity objectively reflects the economic
trends of the industry, contributing to its monitoring
and forecasting the effectiveness of state support
programs.
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The aim. To analyze and summarize modern scientific data on the use of medicinal plant raw materials as a source
of biologically active substances and herbal medicines (phytopreparations) in the therapy of chronic infectious and
inflammatory diseases of the kidneys and urinary tract.

Materials and methods. The search for scientific data was carried out in international scientific electronic databases Google
Scholar, Science Direct, PubMed, elibrary.ru and cyberleninka.ru. Publications for the period from 2010 to 2025 were
studied. This review includes 446 sources of scientific information.

Results. Chronic infectious and inflammatory diseases of the kidneys and urinary tract (CIDKUT) are becoming an
increasingly important problem and require special attention. Modern medicine and pharmacy have a variety of official
medicinal plant raw materials (MPRMs) at their disposal, which are a source of biologically active substances (BASs) and
phytopreparations for the treatment and prevention of kidney diseases. In addition, new promising plant objects are
being actively studied. The presented results of preclinical phytochemical and pharmacological, as well as clinical studies,
reliably indicate the presence of a significant influence of the identified BASs, in particular, components of essential oils and
phenolic compounds, on the main links of pathogenesis and on the development of diuretic, anti-inflammatory, uroseptic,
litholytic and antilithogenic effects. All of the above stimulates the development of new combined phytopreparations,
for which various approaches have been noted in their standardization, the choice of methods for analyzing leading and
related BAS.

Conclusion. The review examines and analyzes the current state of research in the field of using MPRM as a source of BASs
of phytopreparations in the treatment of CIDKUT. It is shown that key classes of BAS of terpenoid and phenolic nature have
anti-inflammatory, antibacterial, diuretic, litholytic and antilithogenic effects. A number of promising non-pharmacopoeial
types of MPRMs have been identified: true bedstraw herb, annual sunflower roots, rosehip roots, angelica rhizomes and
roots, cranberry fruits, which have extensive empirical experience in folk medicine, as well as the results of laboratory
chemical and preclinical studies.

Keywords: chronic infectious and inflammatory diseases of the kidneys and urinary tract; biologically active substances;
components of essential oils; phenolic compounds; single-component phytopreparations; combined phytopreparations;
phytotherapy; diuretic activity; antibacterial activity; anti-inflammatory activity; litholytic activity; antilithogenic activity;
promising sources of phytopreparations

Abbreviations: CIDKUT — chronic infectious and inflammatory diseases of the kidneys and urinary tract; PMs — pathogenic
microorganisms; MPRMs — medicinal plant raw materials; BASs — biologically active substances; MP — medicinal product.
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the therapy of chronic infectious and inflammatory diseases of the kidneys and urinary tract. Pharmacy & Pharmacology. 2026;14(1):31-80.
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Lienb. NMpoaHannsmposaTb M 0606LWMTb COBPEMEHHbIE HayYHble AaHHbIE O MPUMEHEHUN NEKAPCTBEHHOrO PaCTUTENIbHOIO
CbipbA KaK MCTOYHWMKA OMONOrMYECKM aKTUBHbIX BELLECTB M JIeKAPCTBEHHbIX CPEeACTB PACTUTE/IbHOMO MPOUCXONKAEHUA
(duTonpenapatoB) B Tepanuu XPOHUYECKUX WHOEKLMOHHO-BOCMANUTENbHbIX 3a60/1€BaHMI MOYEK U MOYEBbLIBOAALLMX
nyTein.

Matepuanbl U metoabl. [OMCK HAayYHbIX AAHHbIX OCYLLECTBAANM B MEXAYHAPOAHbIX 3NEKTPOHHbIX 6a3ax Google Scholar,
Science Direct, PubMed, elibrary.ru u cyberleninka.ru. OCHOBHO MaccuB Hay4HbIX Ny6AMKALMIA OXBaTbiBa/l OPUTMHAJIbHbIE
cTaTby 3a nepuog ¢ 2010 no 2025 rr. B HacToAww M 0630p BKAOYEHO 446 UCTOUHUKOB HAy4YHOW MHbOPMALLMMK.

Pe3ynbtatbl. XpoHMYECKME MHPEKUMOHHO-BOCNANMTE/IbHbIE 3ab0/1eBaHUA NoYeKk M mo4yeBbiBOAAWMX nyTen (XMB3MMIM)
CTaHOBATCA BCe bosiee aKTyanbHOM npobsiemolt U TpebyroT 0coboro BHMMAHUA. B apceHane cCOBPEMEHHOW MeaULUHbI
n dapmaumm mmeetca pasHoobpasHoe OPUUMHANBHOE NEKAapCTBEHHOe pacTuTenbHoe cbipbe (/IPC), aBnawoweeca
MUCTOYHUKOM GMOIOrMYEecKM aKTuBHbIX BewecTs (BAB) n ¢dutonpenapatoB gns Tepanuu u nNpodunakTMKKM 3abonesaHui
noyek. Kpome TOro, akTMBHO M3y4alOTCA HOBblE MEPCMNEKTUBHbIE PacTUTeNbHble 06beKTbl. MpeacTaBieHHble pe3ynbraTbl
OOKIMHUYECKMX  PUTOXMMUYECKUX U GAPMAKOIOTUYECKUX, a TaK¥e KAMHWUYECKUX WCCNef0BaHUIM  [AO0CTOBEPHO
YKa3blBAlOT HAa HaNMuyMe CYLLEeCTBEHHOrO BAMAHWUA BbiABAEHHbIX BAB, B 4acTHOCTM, KOMMOHEHTOB 3dMPHbIX Macen u
$eHONbHbIX COeAUHEHUI HAa OCHOBHble 3BEHbA NMaTOreHe3a W Ha pPas3BUTUE AWYPETUHECKOro, NPOTUBOBOCMANINTENBHONO,
YPOCENTUYECKOrO, NIMTOIMTUYECKOTO U aHTUAUTOreHHoro 3ddekToB. Bce yKasaHHOe CTUMY/IMpyeT pa3paboTKy HOBbIX
KOMBUHUPOBaHHbIX GUTONPENnapaToB, ANA KOTOPbIX OTMEYeHbl Pas/iMyHble MOAXOAbl B WX CTaHAapTU3auumu, Bblibope
MeTOA0B aHa/n3a BeayLmnx n conyTcTeyowmx BAB.

3aknoueHune. B 063ope paccMOTPEHO M MPOaHaIM3UPOBAHO COBPEMEHHOE COCTOAHME UCCNeA0BaHMI B 061acTM NpUMEHEeHUn
JIPC KaK uctouyHmKa BAB ¢uTtonpenapatos B Tepanuum XUB3MMII. MNoka3aHo, YTO KAtoueBble Kaaccbl BAB TepneHoMaHOW U
deHonbHOW Npupoabl 06/1a4at0T NMPOTUBOBOCMANIUTE/IbHBIM, aHTUOAKTEPUAIbHBIM, AUYPETUYECKUM, UTONUTUYECKUM U
AHTUAUTOrEeHHbIM 3pdeKkTamun. BoiaeneH pag nepcneKkTMBHbIX HepapmakonerHbix BUAoB JIPC: nogmapeHHWKa HacToALLero
TpaBa, MOACO/NHEYHMKA OAHONETHEro KOPHW, LWMMNOBHWKA KOPHW, AYAHWUKA NEKapCTBEHHOTO KOPHEBMULLA W KOPHM,
KNIOKBbI N104bI, UMeloLMe OBLWMPHbBIA IMNUPUYECKUI OMbIT NPUMEHEHUA B HAPOAHOW MeAMULMHE, a TaKKe pe3ynbraTbl
NabopaToOPHbIX XUMUYECKUX U LOKANHUYECKMX UCCAeA0BaHUNA.

KnioueBble cnoBa: XpoHWYeckMe WHGOEKUMOHHO-BOCNannUTesibHble 3ab0neBaHMA MOYEeK U MOYEBbIBOAAWMX MyTeMn,
6MONOTNYECKM AKTUBHbIE BELLECTBA, KOMMOHEHTbl 3OUPHbIX Macen, ¢GeHoNbHble COeAUMHEHWA, OAHOKOMMOHEHTHbIe
duTonpenapaTbl, KOMOUHUPOBAHHbIE duTONpenapaTtbl, GuUToTepanua, AUYyPETUYEcKas aKTUBHOCTb, aHTMbaKTepuasbHas
aKTMBHOCTb, MPOTMBOBOCMAZINTENIbHAA AKTUBHOCTb, JIMTOAUTMYECKAA aAKTUBHOCTb, aAHTU/IUTOTEHHAA aAKTUBHOCTb,
nepcrneKkTUBHbIE UCTOYHUKMN dUTONpenapaTos

CnuncoK cokpaweHuii: XMB3MNMMIM — xpoHuyeckme MHOEKLMOHHO-BOCMAAUTEbHbIE 3a601eBaHNA NOYEK Y MOYEBbIBOAALLMX
nytei; MM — naToreHHble MUKpoopraHuambl; JIPC — neKkapcTBEHHOE pacTuTenbHoe cbipbe; BAB — 6uonornyeckm
aKTMBHbIe BellecTsa; JIMN — nekapcTBeHHbIV npenapar.

INTRODUCTION

The widespread prevalence of chronic infectious and
inflammatory diseases of the kidneys and urinary tract
(CIDKUT) with a tendency towards exacerbation presents

a significant medical and social problem [1, 2]. The

32

growing resistance of pathogenic microflora to actively
and sometimes incorrectly used antibacterial drugs, the
disability of the population, and the associated annual
state expenditures on healthcare significantly contribute
to the urgency of this issue [3-5].
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Globally, the number of cases of chronic kidney
diseases associated with infectious and inflammatory
processes has exceeded 850 million [6], and urinary
tract diseases — 404 million [7]. In the Russian
Federation, 16,403,234 cases of CIDKUT were
registered in 2023, which is 778,487 more than
in 2022 [8]. However, the majority of CIDKUT cases
remain “in the shadows” and are unaccounted for, due
to patients not seeking medical attention; only 1/3 of
the total number of people with CIDKUT are registered.
This is mainly due to the age of patients, financial
situation, use of self-treatment methods, and ignoring
symptoms. The progression of pathological conditions
and the lack of competent treatment can lead to
severe consequences, such as renal failure (acute or
chronic) with irreversible structural and functional
changes in organs, leading to subsequent disability
and significant financial costs for rehabilitation [9].
It has been established that a number of pathogenic
microorganisms (PMs), including Escherichia coli,
Proteus mirabilis, and Pseudomonas aeruginosa, can
migrate into the seminal tubules of men, causing
a decrease in reproductive function. The course of
the infectious process can lead to prostatitis and
the development of erectile dysfunction. A similar
mechanism operates in women — bacterial infection,
penetrating the ovaries, disrupts the process of egg
formation [10]. The problem under consideration
negatively affects the demographic situation in the
country [11].

The issue of CIDKUT causes concern within the
medical community. The diseases are of particular
significance due to the tendency of pathologies to
recur and become chronic, and their treatment is
associated with difficulties caused by the formation of
resistant pathogenic microflora [12, 13]. Women more
frequent in this group of diseases, experiencing at
least one episode of CIDKUT in their lifetime [14, 15].
Furthermore, the prevalence of chronic pyelonephritis
among women of various age categories has been
recorded: 17 to 20 years — 12 %, 21 to 30 years —
34 %, 31 to 40 years — 12 %, 41 to 50 years — 24.0 %,
and over 50 years — 18.0 % [16].

In patients with comorbidities, such as diabetes
mellitus, due to the development of general
and localized immune dysfunction, the ability of
microorganisms to adhere to the urothelium surface
increases. The use of selective sodium-glucose
cotransporter inhibitors for the treatment of type 2
diabetes mellitus stimulates glucose excretion in the
urine, making it a substrate for the proliferation of
pathogenic flora [17, 18]. Conditions that contribute to

Tom 14, Beinyck 1, 2026

the development of these diseases also include active
sexual life, poor hygiene or lack thereof, hospital-
acquired infections, as well as past or persistent
infections, dehydration, unbalanced nutrition, and
other lifestyle aspects [19, 20].

The main approaches in the treatment of CIDKUT
include antibiotic therapy, particularly with drugs
from the fluoroquinolone (ciprofloxacin), glycopeptide
(vancomycin), penicillin (ampicillin), phosphonic acid
derivative (fosfomycin), and nitrofurane (furagin,
furadonin) groups. Phytotherapy also holds a special
place in the comprehensive treatment of urological
diseases [21, 22]. The therapeutic potential of
phytotherapy lies in its ability to simultaneously
achieve antibacterial, anti-inflammatory, diuretic,
and antispasmodic effects to varying degrees, as
well as to minimize side effects observed with
classical antibacterial therapy, such as disruption
of intestinal microflora, fungal infections, and toxic
organ damage [23]. The use of medicinal plant raw
materials (MPRMs) as a source of biologically active
substances (BASs), as well as single-component and
combined phytopreparations, significantly expands
treatment possibilities, especially in cases requiring
long-term treatment of chronic diseases where the
use of chemotherapeutic agents has limitations [24].
Issues concerning the use of plant-based preparations
are widely discussed by various research teams [25—
28], whose conclusions allow phytotherapy to be
positioned as a valuable addition in the acute phase
of infectious and inflammatory processes or even
as a sole alternative to synthetic drugs for primary
and secondary prevention, and sometimes for the
treatment of chronic urological diseases [29].

This review examines research results reflected
in scientific literature concerning the application of
MPRMs as a source of BASs and botanicals used in
CIDKUT. In analyzing the materials, we have touched
upon the experience of using medicinal plants in folk
and official drugs, the phytochemical composition of
MPRMs and botanicals, and considered preclinical and
clinical studies of preparations, among other aspects.

THE AIM. To analyze and summarize current scientific
data on the use of medicinal plant raw materials as a
source of biologically active substances and plant-derived
medicinal products (phytopreparations) in the therapy
of chronic infectious and inflammatory diseases of the
kidneys and urinary tract.

MATERIALS AND METHODS
For the analysis of research status in the field of
CIDKUT therapy, scientific information was searched
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in  international electronic databases: Google
Scholar, Science Direct, PubMed, elibrary.ru, and
cyberleninka.ru.  The main body of scientific

publications pertained to the period from 2010 to
2025 and primarily included original articles. Where
appropriate, scientific materials from earlier periods
were used.

Search queries were formulated using keywords
and phrases in Russian and English and included:
“acute and chronic infectious diseases of the kidneys
and urinary tract infections”; “official plant sources
of medicinal products”; “phytochemical studies of
plant sources”; “phytotherapy of infectious diseases
of the kidneys and urinary tract”; “diuretic activity of
biologically active substances”; “antibacterial activity
of biologically active substances”; “pharmacological
studies of biologically active substances”; “essential

oils”;  “phenolic compounds”; “single-component
and combined phytopreparations”;  “promising
sources of phytopreparations for the treatment

of infectious diseases of the kidney and urinary
system”.

As a result of the initial search, over 2000
publications were identified. During the screening
stage, irrelevant publications (based on titles and
abstracts), works duplicating the main content of
publications, and those not corresponding to the
investigated nosology were excluded. Consequently, a
body of sources comprising 446 scientific information
sources was formed.

RESULTS AND DISCUSSION

In the scientific literature dedicated to CIDKUT,
a significant place is occupied by issues of etiology,
pathogenesis, and mechanisms of pharmacotherapy,
particularly phytotherapy using plant BASs.

Chronic infectious and inflammatory diseases

of the kidneys and urinary tract

CIDKUT are often associated with an ascending

route of pathogen entry, usually due to the proliferation
of pathogenic and opportunistic microorganisms
[30] in the lower urinary tract (urethra, bladder) with
subsequent spread of infection to the upper tract
(ureters, kidneys) [31].According to the progression
of CIDKUT, several
distinguished:

1. Uncomplicated infection — occurs in patients
without concomitant urinary tract diseases,
which responds to therapy with the main
group of antibiotics;

2. Complicated infection — occurs in patients

types of disease course are
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with concomitant urinary tract pathologies
(urolithiasis, bladder reflux);
3. Unresolved infection — a state opposite to

uncomplicated infection, which does not
respond to antibiotic treatment;
4. Recurrent infection (relapse) — a stage

of urinary tract infection characterized by
persistent bacterial or fungal infection. At
this stage, the person is reinfected with the
same uropathogen after a certain period, for
example, two weeks after treatment of an
unresolved CIDKUT [32].

Among patient visits to a urologist, 60 % of
all cases are due to cystitis, about 20% are related
to pyelonephritis [33-35], and 20% are due to
urolithiasis [35—37]. These pathologies develop due to
bacterial and/or fungal contamination of the urinary
system by the following pathogens: Escherichia coli,
Klebsiella pneumoniae, Proteus mirabilis, Enterococcus
faecalis, Staphylococcus saprophyticus, Staphylococcus
aureus [19, 38, 39], Pseudomonas aeruginosa [40,
41], Candida albicans [42], Citrobacter spp.,
Serratia spp. [43]. In most cases, Escherichia coli
(33.8 %), Klebsiella pneumoniae (11.8 %), Enterococcus
faecalis (10.3 %), and Pseudomonas aeruginosa
(12.7 %) are identified in urine cultures [44-46]. The
bacterial uropathogens causing diseases are mainly
Gram-negative, which, during adhesion and further
colonization of the urinary tract, penetrate the bladder
and kidneys, leading to acute manifestations of
diseases with subsequent relapses and chronification of
infectious and inflammatory processes.

Many PMs become resistant to most known
antibiotic classes [47]. Pathogens, in the process
of their life activity, produce specific enzymes —
B-lactamases or carbapenemases, which cause
resistance to certain groups of antibacterial drugs —

penicillins, cephalosporins, and broad-spectrum
carbapenems. Resistance to aminoglycosides and
sulfonamides is also growing [48-50]. Currently,

fluoroquinolones are the only class of antibiotics with
a relatively high sensitivity index towards bacteria
of the Enterobacteriaceae family. In particular,
Escherichia coli shows resistance to amoxicillin at
38%, trimethoprim and sulfamethoxazole at 18.1 %;
resistance to ciprofloxacin, cefotaxime, nitrofurantoin,
and fosfomycin at 1.8 %. Enterococcus faecalis
demonstrates the highest level of resistance to most
antibacterial drugs used in urology [51, 52].

A brief characteristic of some CIDKUT is presented
in Table 1; urolithiasis is included due to its association
with infectious and inflammatory processes.
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In the context of phytotherapy possibilities,
asymptomatic bacteriuria requires more detailed
consideration. This is a condition (not considered
a disease) in which bacteria are detected in the
bladder or kidneys at a concentration of >10° CFU/mL
of urine, with the absence of clinical symptoms [94—
96]. Asymptomatic bacteriuria occurs in 2.7 % of
women aged 15 to 24 years and increases to 20-50 %
in women over 80 years. In men, its prevalence is
significantly lower but increases with age from 6 % to
20 %. Asymptomatic bacteriuria is also widespread
in long-term care facilities, where its incidence ranges
from 25 % to 50 % among patients [97]. Specifically,
it is detected in patients with prolonged bladder
catheterization (for 4 weeks) [19, 98].

It was previously reported that asymptomatic
bacteriuria is a clinically dangerous condition requiring
diagnosis and treatment. In the 1950s, it was first
diagnosed using urine culture. With the advent of
new diagnostic methods, it was found that pregnant
women with a high incidence of pyelonephritis often
had asymptomatic bacteriuria that was not treated.
Further development and refinement of screening
methods, as well as long-term patient follow-up,
allowed asymptomatic bacteriuria to be reclassified
as a condition not requiring treatment. Treatment of
asymptomatic bacteriuria with antimicrobial drugs did
not reduce the incidence of symptomatic infections.
It was also reported that therapy increased the risk of
developing pyelonephritis [94, 99].

There is still debate regarding the use of antibiotics
for treating asymptomatic bacteriuria. Some studies
suggest that antibiotic use and lack of treatment do not
affect the development of CIDKUT. Antibiotic therapy
only led to the appearance of a significant number of
side effects [100]. A study by U. Lindberg et al. found
that children with asymptomatic bacteriuria who
did not receive antibiotic treatment had significant
advantages over children who were treated with
antibacterial agents [101]. In a study by L.A. Petty et al.
among 2733 hospitalized adult patients diagnosed
with asymptomatic bacteriuria, 82.7 % were prescribed
antimicrobial drugs. In most cases, therapy did not yield
positive results, and in some cases, it could even be
harmful, causing side effects. As a result, the duration
of hospitalization increased by 37 % without noticeable
improvement in clinical indicators [96, 102]. It was also

36

found that 15 % of patients treated for asymptomatic
CIDKUT
recurrences accompanied by the development of acute

bacteriuria experienced symptomatic
pyelonephritis [103].
Other studies

should be screened for

indicate that pregnant women
asymptomatic bacteriuria
in the first trimester of pregnancy and undergo
treatment if positive [97]. Antimicrobial therapy for
asymptomatic bacteriuria during pregnancy reduces
the risk of pyelonephritis, low birth weight, and
premature birth. Some data suggest that the presence
of asymptomatic bacteriuria in a person protects the
body from developing PM infections [104]. The authors
investigated the possibility of preventing CIDKUT
recurrences using a vaccine (administered into the
urinary tract) with an avirulent strain of Escherichia
coli 83972. A placebo-controlled study proved that the
strain reduces the frequency of CIDKUT recurrences.

Subsequently, programs for the rational use of
antibacterial agents were developed, which revealed
that antibiotic therapy for asymptomatic bacteriuria
is one of the important factors in the development of
PMs resistance to antimicrobial drugs [98, 102]. In this
regard, the use of antibacterial BASs from medicinal
plants can be a promising strategy in the development
of medicinal products and their clinical application.

The presented information serves as a fundamental
basis for the development of new plant-derived
medicinal products (MPs) for the treatment of CIDKUT.
The shortcomings of traditional antibiotic therapy
have been identified, and the potential for using
phytopreparations for preventing disease recurrence
and treating specific patient categories is emphasized.
Thus, the outlined provisions allow for the integration
of scientific knowledge with practical clinical tasks.

Plant sources of medicinal products

for the treatment of chronic infectious

and inflammatory diseases of the kidneys
and urinary tract

Among the wide variety of medicinal plants
used in medicine as sources of BASs for treating
kidney and urinary tract diseases, MPRMs containing
primarily essential oil and phenolic compounds are
leading. These BASs possess diuretic,
anti-inflammatory [25, 105, 106], litholytic,

antilithogenic effects [107-109], which fully align

antiseptic,
and

Volume X1V, Issue 1, 2026



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

Ob30P
DOI: 10.19163/2307-9266-2026-14-1-31-80

with the etiology and pathogenesis of the diseases
presented in Table 1.

Studies that
anthocyanins effectively eliminate the key causes of

have shown flavonoids and

CIDKUT, as they possess anti-inflammatory, antioxidant,
and angioprotective properties [110].

Diuretic activity is formed by phenolic compounds
Essential oils have

and essential oil components.

a vasodilatory effect on renal vessels,
their

pressure in the glomerular capillaries. As a result,

improving
blood circulation and increasing hydrostatic
glomerular filtration increases, which, in turn, increases
diuresis [111, 112]. The diuretic effect of phenolic
carboxylic acids is due to the “osmotic effect”: upon
entering the renal tubules, phenolic acid glucuronides
create high osmotic pressure, significantly reducing
the reabsorption of water and sodium ions. Water
excretion occurs without disrupting the ionic balance
(potassium-sparing effect) [113, 114]. A diuretic effect
can also be observed during the accelerated elimination
of xenobiotics, as well as toxins formed in the body
during diseases.

The
components are due to their ability to perforate and

antibacterial properties of essential oil
thus damage the lipid envelope of the bacterial cell
wall. Terpenes act on the outer membrane, making it
permeable, disrupting osmotic pressure, and leading to
lysis of the microorganism’s cell [115, 116].

The antibacterial activity of phenolic compounds,
using catechin as an example, was studied by
A. Fathima and J.R. Rao using models to assess activity
against Escherichia coli and Bacillus subtilis. The study
showed that catechin increases bacterial membrane
permeability and causes oxidative damage to bacterial
liposomes [117].

One of the most important properties of natural
BASs is anti-adhesive activity, which manifests as
disruption of microbial adhesion (attachment to the
urothelium surface), preventing biofilm formation,
thereby hindering PMs proliferation [118]. For example,
A-type proanthocyanidins, due to the presence of
an ester bond between C2->0->C7' atoms in their
molecular structure, connecting two flavan-3-ol
structural units, are inhibitors of microbial type |
and P fimbriae [119].

To enhance

additional

anti-adhesive activity, an

component, D-mannose, is included in

Tom 14, Beinyck 1, 2026

phytopreparations. It is a monosaccharide, an epimer
of glucose, and participates in biochemical processes
(e.g.,
is excreted unchanged by the kidneys. The anti-

protein  N-glycosylation). Excess D-mannose
adhesive effect of D-mannose is due to its competitive

interaction with mannose-sensitive fimbriae of

pathogenic microorganisms, which prevents the
adhesion of bacteria with mannosylated proteins
on the surface of the human urinary tract [120,
121]. Clinical studies confirm the effectiveness of
103) with

acute recurrent CIDKUT took 2 g of D-mannose for

this approach. A group of women (n =

6 months. Relapses occurred in only 14.6% of women
(p <0.0001) [122].

The antilithogenic effect of phenolic compounds
has been demonstrated in several studies. In an in
vivo experiment, catechin contributed to a reduction
in the number of crystals formed by a mixture of
melamine and cyanuric acid in the kidneys and
prevented nephrotoxicity [123]. Rutin and curcumin in

|H

the “ethylene glycol model” of urolithiasis normalize
calcium and oxalate levels [124]. In a group of rats
treated with quercetin and hyperoside (quercetin-
3-O-galactoside), the amount of calcium oxalate
crystalline deposits significantly decreased [125]. When
hydroxycinnamic acids, caffeic and rosmarinic acids,
were used in experiments, it was found that caffeic acid
regulates biochemical parameters and reduces calcium
oxalate deposition in the kidneys [126]. Rosmarinic and
caffeic acids at concentrations from 0.03 to 0.3 mg/mL
reduced the amount of monohydrate and dihydrate
forms of calcium oxalate crystals formed in urine [127].
products (MPs)

treating kidney

In many countries, medicinal

whose efficacy in and urinary
system diseases has been confirmed by numerous
scientific studies are widely used. Sources of MPRMs
used for creating such phytopreparations include
common bearberry (Vaccinium vitis-idaea L.) of the
Ericaceae family, common uva-ursi (Arctostaphylos
uva-ursi L.) of the Ericaceae family, silver birch (Betula
pendula Roth.) of the Betulaceae family, downy
birch (Betula pubescens Ehrh.) of the Betulaceae
family, knotgrass (Polygonum aviculare L.) of the
Polygonaceae family, Siberian oregano (Orthosiphon
stamineus Benth.) of the Lamiaceae family, common
horsetail (Equisetum arvense L.) of the Equisetaceae

family, tropical wormwood (Aerva lanata (L.) Juss.)
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of the Amaranthaceae family [27, 128, 129], Canada
goldenrod (Solidago canadensis L.) of the Asteraceae
family [130], (Levisticum officinale
Koch.) [131],
(Rosmarinus officinalis L.) of the Lamiaceae family [132,

garden lovage

of the Apiaceae family rosemary
133], common juniper (Juniperus communis L.) of
the Cupressaceae family [134-136], blue cornflower
(Centaurea cyanus L.), Georgian madder (Rubia iberica
(Fish. ex DC). C. Koch) of the Asteraceae family, wild
strawberry (Fragaria vesca L.) of the Rosaceae family,
dyers’ madder (Rubia tinctorum L.) of the Rubiaceae
family, bicolor lespedeza (Lespedeza bicolor Turcz.) of
the Fabaceae! family, and others. Let’s consider some
of them from the perspective of their contained BASs
and corresponding spectrum of activity.

Common bearberry (Vaccinium vitis-idaea L.)

Common bearberry (Vaccinium vitis-idaea L.) is a
perennial evergreen shrub of the genus Vaccinium L. of
the Ericaceae Juss. family [137].

Vaccinium  vitis-idaea is a rich source of
phenolic compounds: phenol glycosides, flavonoids,
[138].

The leading compounds in the leaves of common

proanthocyanidins, and phenylpropanoids

bearberry (Vaccinii vitis-idaeae folia) are simple

phenols (phenol glycosides): hydroquinone in the
form of arbutin [129, 139]. The authors analyzed the
phenolic compounds of 10 different cultivated varieties
of V. vitis-idaea. Arbutin was the leading compound
in all varieties of V. vitis-idaea, with a content ranging
from 36.059+1472.12 pg/g to 56.968 + 2325.73 ug/g
dry raw material (41-78 % of the total phenolic
compounds) [140].

Ethanol exhibits

anti-adhesive and antibacterial activity, established

extract of bearberry leaves
by agar diffusion and serial dilution methods on
Staphylococcus aureus strains. Destruction of the
formed microbial biofilm was noted; the leaf extract
solution at a concentration of 0.01% inhibited biofilm
formation in 69.9% of cases and promoted biofilm
destruction in 62.5 % of cases [141]. A study of the
antibacterial activity of a 60% aqueous-alcoholic extract
showed significant efficacy against Escherichia coli but
minimal antimicrobial activity against Pseudomonas

! Biologically active compounds of medicinal plants as a
source of diuretics: a monograph; Kurkin VA, Pravdivtseva OFE,
Kurkina AV, Zaitseva EN, Tsibina AS. SamSMU; Samara: JSC
“Polygraphic association “Standard”; 2024. 86 p. Russian
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aeruginosa [142]. When investigating the antibacterial
and antifungal activity of an aqueous solution of
dry extract on cultures of PMs Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus,
and Candida albicans, inhibition of bacterial growth
zones of 12 mm, 10 mm, and 24 mm, respectively,
was recorded. Candida albicans was resistant to the
aqueous extract solution [143].

Common bearberry leaves are part of preparations
such as “Leaves of Common Bearberry”, filter bag
No. 20, and “Brusniver®” collection, filter bag No. 20
(JSC “Krasnogorsklekredstva”, Russia), which are used
as diuretic, anti-inflammatory, and antiseptic agents for
infectious diseases of the urinary system — cystitis and

pyelonephritis [129].

Common uva-ursi (Arctostaphylos uva-ursi L.)
Common uva-ursi (Arctostaphylos uva-ursi L.),

or bearberry, is a perennial evergreen shrub of
the genus Arctostaphylos L. of the Ericaceae Juss.
family. The leading compounds in the leaves of
common uva-ursi (Arctostaphylos uvae-ursi folia), like
bearberry, are simple phenols (phenol glycosides):
hydroquinone in the form of arbutin [144, 145]. The
arbutin content in A. uva-ursi leaves (summed with
methylarbutin and free hydroquinone) ranged from
8 % to 25 %. In a single-component phytopreparation
produced by Fito-Bot LLC, the arbutin content was
1.04 %,
and by high-performance liquid chromatography —
8.7 £0.91 % [146].

BASs of common uva-ursi leaves possess anti-

determined spectrophotometrically as 9.1 +

adhesive action [147]. The combined use of dry
extract with low doses of ciprofloxacin reduced the
adhesiveness index and adhesion coefficient. In the
absence of treatment with dry A. uva-ursi extract,
[148]. It
that BASs of common uva-ursi inhibit the growth

adhesion indicators increased is known

Escherichia coli, Proteus
and Klebsiella

pneumoniae; Gram-positive: Staphylococcus aureus and

of Gram-negative PMs:
mirabilis, Pseudomonas aeruginosa,
Staphylococcus saprophyticus, as well as pathogenic
yeast Candida albicans [149].

In a study by V.A. Kurkin et al. on the effect of
individual substances isolated from A. uva-ursi leaves
on the excretory function of mongrel rats, it was found
that 1,3,6-tri-O-galloylglucose at a dose of 10 mg/kg,

Volume X1V, Issue 1, 2026
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after intragastric administration for 4 hours, stimulated
diuresis by 34 %, with a daily diuresis of 75 %. Arbutin
at a dose of 20 mg/kg stimulated daily diuresis by only
31 %. A decoction of leaves (at a dose of 100 mg/kg)
stimulated daily diuresis by 74 % [150].

Upon single intragastric administration of a
decoction of A. uva-ursi leaves to male and female
white mongrel rats, a dose-dependent diuretic
effect was observed, manifesting 24 hours after
administration. At a dose of 50 mg/kg, no significant
excretion of water and electrolytes was recorded
over 4 and 24 hours of the experiment; at a dose of
100 mg/kg, a slight decrease in diuresis was observed
in the experimental group compared to the control
after 4 hours; at a dose of 100 mg/kg over 24 hours,
a significant increase in indicators was found — water
excretion by 74% compared to the control, sodium and
potassium excretion by 68 %, and creatinine by 75 %
(p <0.05) [151].

Leaves of part of

common uva-ursi are

phytopreparations such as “Leaves of Common
collection  “Fito-nefrol®”
filter bag No. 20,
collection fiter bag No. 20
(Isc [129]. Al

uva-ursi drugs are used as diuretic, anti-inflammatory,

Uva-ursi”
50 g

pack 50 g,
“Urological Collection”
“Brusniver-T®”
“Krasnogorsklekredstva”, Russia)
and antiseptic agents for infectious diseases of the

urinary system [150].

Silver birch (Betula pendula Roth.)

and downy birch (Betula pubescens Ehrh.)

Silver birch (Betula pendula Roth.) and downy
birch (Betula pubescens Ehrh.) are trees of the genus
Betula L. of the Betulaceae Gray. family [152].

The main pharmacologically active substances
in birch leaves (Betulae folia) are flavonoids, and
in birch buds (Betuloe gemmae) — essential oil
components. The leading compounds are the flavonol
hyperoside (quercetin-3-O-galactoside) and the tricyclic
sesquiterpene a-copaene, respectively. Quercetin and
myricetin glycosides constitute 1-3% of all flavonols
present in Betula leaves, calculated as hyperoside.
Among them are the aglycone quercetin, quercetin-
3-O-glucuronide, and isoquercitrin (quercetin-3-O-
glucoside) [153], quercetin-3-O-glucuronide, quercetin-
3-O-rhamnoside, and myricetin-3-O-galactoside. B.

pendula and B. pubescens buds are a rich source

Tom 14, Beinyck 1, 2026

of essential oil, with quantities ranging from 0.5 %
to 3.8 %. The main components of the buds are
sesquiterpenes — a-copaene (11.8%), germacrene
D (11.4 %), (10.8 %),
(6.25 %), and B-caryophyllene (3.4 %). The component

6-cadinene aromadendrene
composition of the leaf essential oil is represented by
monoterpenes, among which a-pinene (2.22 %) and
bornyl acetate (2.74 %) are leading [154—-156].

BASs of B. pendula and B. pubescens leaves and
buds possess antibacterial and diuretic actions. The
antimicrobial activity of dry aqueous and methanolic
extracts of B. pendula leaves and buds was investigated
by scientists from Bosnia and Herzegovina on test
cultures of Bacillus subtilis, Staphylococcus aureus,
Escherichia coli, and Pseudomonas aeruginosa.
Ciprofloxacin and penicillin were used as standard
drugs. The results showed that the aqueous leaf
extract inhibited Staphylococcus aureus growth
by 13.4 mm; the methanolic leaf extract — by
12.0 mm; the aqueous bud extract — by 10.2 mm; the
methanolic bud extract — by 11.2 mm; ciprofloxacin —
by 19.5 mm. Extracts against Bacillus subtilis showed
the following activity: methanolic bud extract —
11.0 mm; aqueous bud extract — 8.0 mm; penicillin —
320 mm. When tested

aeruginosa, the following zones of growth inhibition

against Pseudomonas
were established: methanolic bud and leaf extracts —
11.6 mm and 11.0 mm, respectively; ciprofloxacin —
28.0 mm. Escherichia coli showed resistance to all
tested samples [157].

An aqueous extract of B. pendula leaves at
concentrations of 0.20 mg/mL and 0.25 mg/mL was
investigated for anti-inflammatory activity. The extract
inhibited prostaglandin activity by 23 + 2%
reduced platelet-activating factor activity in exocytosis
by 76 + 4% [158]. A decrease in the secretion of
interleukins IL-6 and IL-8 was also confirmed [159].

and

A standardized leaf extract containing hyperoside
(0.53 %), quercetin-3-0O-glucuronide (0.36 %),
myricetin-3-O-glucoside (0.32 %), and chlorogenic
acid (0.28 %) exhibits diuretic activity. The extract
was administered orally at doses of 25 mg/kg and
50 mg/kg to male and female Sprague Dawley albino
rats, and diuresis was measured over 24 hours for
3 days. The control group received placebo. At a
dose of 50 mg/kg, the urine volume increased by
15.4 % compared to the control. Analysis of Na* and
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K* excretion over 24 hours was performed only in the
group receiving the extract at a dose of 50 mg/kg. No
statistically significant differences were found between
the group receiving the extract at 25 mg/kg and the
control group over 24 hours (p > 0.05). Excretion for
Na* was 0.13+0.04 mmol/L and 0.16 + 0.05 mmol/L,
respectively, and for K* was 0.18 * 0.03 mmol/L and
0.20 + 0.05 mmol/L, respectively. Under experimental
conditions, B. pendula leaf extract has a weak diuretic
effect [160].

Birch buds are part of the phytopreparation
“Birch Buds” pack 50 g; birch leaves are part of several
phytopreparations — “Birch Leaves” filter bag No. 20,

’

“Phytolysin®”, capsules No. 40, and “Phytolysin®”,
paste for preparing oral suspension (Herbapol, Poland).
Preparations from birch MPRMs are used for the
treatment of kidney and bladder diseases as diuretic,
antibacterial, anti-inflammatory, antispasmodic, and

antilithogenic agents [129].

Knotgrass (Polygonum aviculare L.)

Knotgrass (Polygonum aviculare L.), or Polygonum,
is an annual herbaceous plant of the genus
Polygonum L. of the Polygonaceae Juss. family [161].

The main pharmacologically active substances
in knotgrass herb (Polygoni avicularis herba) are
flavonoids. The leading compound is the flavonol
avicularin (quercetin-3-0-a-arabinofuranoside).
Studies of 70% ethanol extracts from raw materials
from various growing regions found that avicularin
dominates in the Republic of Khakassia — 4.9 mg/g,
in the Irkutsk region — 2.0 mg/g, and in the Altai
Republic — 2.2 mg/g of air-dry raw material. In
the Republic of Buryatia, quercetrin is dominant —
2.4 mg/g, hyperoside and juglanin — 2.1 mg/g in
the Transbaikal Territory [162]. In P. aviculare herba
from the Volgograd, Rostov, and Voronezh regions,
the sum of flavonoids calculated as avicularin is
2.5%, 1.33 £ 0.03 %, and 1.61 + 0.03 %, respectively
[163, 164]. In South Korea, it was found that the
maximum concentration of the sum of flavonoids is
contained in the ethyl acetate fraction — 208.9 mg/g.
The dominant compounds are avicularin, myricetin,
their

myricitrin, isoquercitrin, and juglanin [165]. From an

quercetin, kaempferol, and glycosides —
aqueous extract in Poland, the following were isolated:
quercetin-3-0-B-D-

glucuronide, isorhamnetin-3-0-B-D-glucuronide [166].

myricetin-3-0-B-D-glucuronide,

40

The chronic toxicity of dry extract was studied in
male and female rats with daily administration for one
month at doses of 0.15 mL/kg and 1.5 mL/kg. Control
animals received 35 % ethanol at a dose of 1.5 mL/kg.
The extract did not exert toxic effects on the rats’
bodies with prolonged administration and did not cause
pathomorphological changes in organ systems. A slight
tendency towards accelerated blood clotting time was
noted [167].

The
aqueous and organic extracts of the plant was tested

antimicrobial and antifungal activity of
on clinical isolates of Escherichia coli, Proteus mirabilis,
Pseudomonas aeruginosa, Salmonella typhi, Salmonella
paratyphi, Shigella flexneri, Staphylococcus aureus,
Bacillus subtilis, Streptococcus pyogenes, Aspergillus
flavus, Aspergillus fumigatus, Aspergillus niger, and
Candida albicans. The chloroform extract showed
the greatest effect (Proteus mirabilis — 28 mm and
Escherichia coli — 27 mm), and the aqueous extract
(Bacillus subtilis — 25 mm and Proteus mirabilis —
24 mm) [168].

C.H. Jang et al. investigated the anti-inflammatory
effect of a dry ethanol extract (extractant — 70 %
ethanol). The BASs of the extract at doses of
33.3 pg/mL, 100 pg/mL, and 200 ug/mL affected the
transcription factor NRF2, regulating HO-1 (heme
oxygenase-1) levels, and reducing cyclooxygenase-2
levels. A dose of 200 pg/mL reduced IL-1B levels to
approximately 1 pg/mL and demonstrated almost
40% inhibition of IL-6 levels. Myricitrin, avicularin,
myricetin, quercetin, and kaempferol inhibit NF-«kB
activity [169]. BASs of ethanol extract from P. aviculare
leaves at doses of 500 mg/kg have an inhibitory effect
on the acute phase of inflammatory paw edema in rats
induced by carrageenan [170].

An aqueous extract was studied for its ability to
mitigate the consequences of oxalate nephrolithiasis
induced by ethylene glycol and ammonium chloride in
male Wistar albino rats. Animals received the extract at
doses of 100 mg/kg and 400 mg/kg for 28 days (starting
from the 14th day of ethylene glycol administration);
the prophylactic group received the extract at the
same dosage (from the beginning of ethylene glycol
administration). According to the study results, in the
prophylactic (p < 0.001) and therapeutic (p < 0.001)
groups, the number of calcium oxalate concretions

decreased compared to the control group [171].
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V.V. Mantatov et al. established the

prostatoprotective  activity of a dry extract
(extractant — 40 % ethanol) in sexually mature male
Wistar rats. A decoction of the “Brusniver®” collection
was used as a comparison drug. Experimental animals
were administered the extract intragastrically at a dose
of 200 mg/kg once daily throughout the experiment;
the decoction of the “Brusniver®” collection was
administered in a volume of 10 mL/kg body weight;
the control group received purified water. In a model
of chronic prostatitis, it was found that P. aviculare
pronounced prostatoprotective

extract exerts a

effect, characterized by normalization of the
morphofunctional state of the rat prostate gland,
by suppressing the inflammatory process and
regulating lipid peroxidation induction. A decrease in
malondialdehyde concentration and an increase in
catalase activity in rat serum indicate a pronounced
antioxidant effect in the experimental group (40 % less
compared to the control). On the 14th day, a decrease
in blood erythrocyte sedimentation rate by 45 %, the
number of leukocytes in blood and prostate secretion
by 23 % and 27 %, respectively, and malondialdehyde
concentration in serum by 21% were observed
compared to the control data. On the 21st day of the
experiment, no signs of inflammatory reaction in the
prostate were detected, and all blood parameters
normalized [172].

Knotgrass herb is part of botanicals such as
“Knotgrass (Sporish) Herb” pack 50 g, “Knotgrass
(Sporish) Herb” filter bag No. 20,
capsules No. 40, and “Phytolysin®”, paste for preparing
Poland).

preparations are used for the treatment of kidney

“Phytolysin®”,

oral suspension (Herbapol, Knotgrass
and bladder diseases as diuretic, antibacterial, anti-

inflammatory, antispasmodic, and antilithogenic

agents [173, 174].

Siberian oregano (Orthosiphon stamineus Benth.)

Siberian oregano (Orthosiphon stamineus Benth.),
or kidney tea, is a perennial herbaceous plant of the
genus Orthosiphon Benth. of the Lamiaceae Lindl.
family [161].

The main pharmacologically active substances
in Siberian oregano leaves (Orthosiphonis staminei
folia) are phenylpropanoids. The leading compound
is the phenylpropanoid rosmarinic acid — an ester of
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caffeic acid and 3,4-dihydroxyphenyl lactic acid. In an
infusion of O. stamineus leaves grown in Germany, the
amount of rosmarinic acid was 243 + 22 pg/mL [175].
The rosmarinic acid content varies from 17.43 mg/kg
to 931.44 mg/kg in raw materials. Polymethoxylated
flavone derivatives are also found among the
components [176, 177], such as sinensetin, isosinetin,
6,7,4’-tetramethoxyflavone,

eupatorin,  salvigenin,

5-hydroxy-6,7,3,4’-tetramethoxyflavone, 6-hydroxy-
5,3’-trimethoxyflavone, 5,6,7,3’-tetramethoxy-
4’-hydroxy-8-C-prenylflavone [178, 179]. The content

raw materials

and

of polymethoxylated flavones in
to 0.7 %.
isomer isosinetin are leading among this group of

ranges from 0.5% Sinensetin and its
flavonoids, with contents ranging from 122.98 mg/kg to
469.54 mg/kg and from 50.60 mg/kg to 419.07 mg/kg
[180]. The
concentration of sinensetin in an extract obtained

of dry raw material, respectively
by maceration was 0.42 + 0.006 %, and in an extract
obtained by Soxhlet apparatus — 0.30 + 0.006 % [181].
In 12 samples from different regions of Indonesia,
the sinensetin content ranged from 0.0238 mg/g
to 0.1533 mg/g [182].

An aqueous extract of Siberian oregano herb,
containing rosmarinic, chicoric, and caffeic acids,
was tested for antiproliferative activity in mice. It was
found that administration of the extract at a dose of
750 mg/kg for 4-7 days reduced the bacterial load in
the urinary tract of mice. The extract exhibits dose-
dependent anti-adhesive activity, reducing fimH
gene expression but activating fliC gene expression in
Escherichia coli strains NU14 and UTI89 [183].

An aqueous extract of Siberian oregano was tested
for anti-adhesive activity. Twenty healthy volunteers
participated in the experiment, taking an infusion of
0. stamineus leaves 4 times a day for 7 days. Urine
samples were collected on days 1 (pre-infusion control),
3, 6, and 8. The study results showed that the samples
had an anti-adhesive effect with strong fliC gene
expression [175].

The toxicity of Siberian oregano extracts was
also studied. N.R. Abdullah et al.
acute toxicity of a standardized extract containing
0.15 %, 0.21 %, and 0.05 % sinensetin, eupatorin, and

3’-hydroxy-5,6,7,4’-tetramethoxyflavone,

determined the

respectively,
at a dose of 5000 mg/kg in Sprague Dawley albino
rats for 14 days. No cases of toxicity or death were
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recorded. The extract did not affect general behavior,
food/water intake, relative organ weight, hematology,
or clinical biochemistry. The LD* was >5000 mg/kg
of the rat [184]. Under
experimental conditions, M.F. Yam et al. investigated

body weight similar
a dry methanolic extract (extractant 50% methanol)
for 14-day acute and 28-day subchronic toxicity (at
doses of 1250 mg/kg, 2500 mg/kg, and 5000 mg/kg),
and R. Pariyani et al. investigated aqueous, aqueous-
alcoholic (extractant 50 % ethanol), and alcoholic
extracts at a dose of 5000 mg/kg. As a result, none of
the investigated extracts showed toxic effects [185,
186]. H. Muhammad et al. investigated the chronic
toxicity of a dry aqueous extract at doses of 250, 500,
1000 and 2000 mg/kg in male and female Sprague
Dawley albino rats for 60 days. No cases of toxicity or
death were recorded. It was found that erythrocyte,
hematocrit, hemoglobin, and platelet levels were
significantly higher in the group receiving the extract
at a dose of 2000 mg/kg. According to the authors, this
may be related to erythropoiesis stimulation, which
requires further study [187].

Scientists from Malaysia investigated the diuretic
activity of O. stamineus leaf BASs by administering a
methanolic extract to Sprague Dawley albino rats at a
dose of 2000 mg/kg for 7 days. Hydrochlorothiazide (at
a dose of 10 mg/kg) was used as a standard drug. In
the first 8 hours after extract administration, Na* and K*
excretion (p < 0.05 and < 0.01, respectively) comparable
Additional

administration of the extract at a dose of 500 mg/kg

to hydrochlorothiazide was observed.
enhanced diuresis from day 3 to day 7 (p < 0.01) and
Na* and K* excretion (p < 0.05 and < 0.01, respectively)
on days 2 and 7. The authors proposed a recommended
dose for rats of 420 mg/kg. The extract at doses of
500 mg/kg, 1000 mg/kg, and 2000 mg/kg exhibited
hypouricemic activity, reducing uric acid levels for
6 hours and demonstrating efficacy comparable to
[188].
due to the regulation of xanthine oxidase, adenosine
[189].
Y. Adam et al. administered an aqueous extract orally at

allopurinol The antihyperuricemic effect is

deaminase activity, and urate transporters
doses of 5 and 10 mg/kg to Sprague Dawley albino rats,
while control groups received furosemide (at a dose of
10 mg/kg). The extract demonstrated dose-dependent
diuretic activity, selective K* ion excretion in urine
while maintaining normal Na* and CI~ excretion levels.

42

Extracts slightly increased serum urea and creatinine
levels and blood glucose levels, but these indicators
remained within normal limits [190].

R.M. Oktaviani et al.
of a 70% ethanol extract on the pharmacokinetic

established the influence

parameters of furosemide. Male Sprague-Dawley
albino rats were administered a suspension of the test
extract for 4 and 7 days, followed by administration of
a furosemide suspension at a dose of 7.2 mg/200 g.
After 4 days, the average urine volume in rats was
18.5 + 1.0 mL (furosemide 15.7 + 1.6 mL), and by
day 7, it decreased to 16.2 + 0.8 mL (furosemide
15.7 + 1.6 mlL). The authors concluded that the
decrease in urine volume by day 7 was related to the
distribution process and increased elimination rate
of BASs. Thus, the 70% ethanol extract of Siberian
oregano improves the pharmacokinetic parameters of
furosemide (p < 0.05) [191].

The antilithogenic activity of an aqueous extract
was compared with the drug “Cystone®” in vitro. The
sum of BASs in the Siberian oregano extract inhibited
the crystallization of calcium oxalate by 73.48%
compared to the control, while the MP “Cystone®”
inhibited it by 80.68 % [192]. M.B. Ambursa et al.
studied the litholytic activity of a standardized aqueous
extract containing 8.99 % of rosmarinic acid, 0.35 % of
sinensetin, 0.45 % of eupatorin, and 0.3 % of 3-hydroxy-
5,6,7,4-tetramethoxyflavone at concentrations of
(1 mg/mL, 2 mg/mL and 4 mg/mL) on calculi obtained
from patients who underwent stone removal
procedures. The extract at a dose of 4 mg/mL showed
a better effect in terms of lytic impact on calcium
oxalate stones than a potassium citrate solution (70 %
vs. 41 %) [193].

Leaves of Siberian oregano (kidney tea) are part of
botanicals such as “Leaves of Siberian Oregano (Kidney
Tea)” pack 50 g and “Leaves of Siberian Oregano
(Kidney Tea)” filter bags 1.5 g x20. Siberian oregano
preparations are used for the treatment of kidney and

bladder diseases as diuretic agents [194].

Common horsetail (Equisetum arvense L.)

Common horsetail (Equisetum arvense L.) is a
perennial herbaceous plant of the genus Equisetum L.
of the Equisetaceae Michx. ex DC. family.

The main pharmacologically active substances
in common horsetail herb (Equiseti arvensis herba)
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are flavonoids, among which the leading one is the
flavonol quercetin. In a 50 % aqueous-alcoholic extract
obtained from E. arvense herba, the flavonoid content
was 1.67 + 0.07 % calculated as quercetin [195]. A dry
ethanol extract (extractant — 70 % ethanol) from raw
material harvested in Uzbekistan contained 2.283 mg
of quercetin, 0.508 mg of rutin, and 0.375 mg
of gallic acid [196]. A methanolic extract from horsetail
herb harvested in Iraq contained 179.5 upg/mL of
total flavonoids, including luteolin — 100.6 pg/mL;
kaempferol-3-O-glucoside — 42.4 pg/mL; kaempferol —
26.6 pg/mL; 9.9 pug/mL [197].
The component composition of aqueous and ethanol

quercetin  —

extracts from raw material harvested in Turkey was
as follows (calculated as dry raw material): rutin
(14.383 ug/kg), chicoric (21.313 pg/kg), salicylic
(9.639 pg/kg), 4-hydroxybenzoic (1.535 pg/kg), and
vanillic acids (2.32 pg/kg); quercetin (32.995 pg/kg),
epicatechin (24.97 pg/kg), rutin (6.236 pg/kg), gallic
(0.95 pg/kg), p-coumaric (5.974 ug/kg), chicoric
(39.984 pug/kg), and cinnamic acids (1.769 pg/kg),
respectively [198].

From raw material harvested in the Khanty-
Mansiysk Autonomous Okrug, luteolin, luteolin-
7-0-B-D-glucopyranoside, and luteolin-4-0-B-D-

glucopyranoside were isolated from the ethyl acetate
fraction of the alcoholic extract [199]. In raw material
identified
guercetin, apigenin, luteolin, kaempferol-3-O-glucoside,

from Pakistan, the methanolic extract

isoquercitrin,  apigenin-4’-O-glucoside, kaempferol-

6’’-O-acetylgenistin, daidzein-4’,7-diglucoside

(puerarin), tricin-6""-O-acetylglycitin, 4’,5-dihydroxy-
7-methoxyflavone (genkwanin), myricetin-7-0-
methylchrysin, trans-ferulic acid, dihydroactinidiol,
2’,4’-dihydroxy-4-prenyloxichalcone, pinolenic  acid,

4-(sec-butoxy)benzoic acid, and 8-acetylharpagide
[200]. From raw material harvested in South Korea, the
dichloromethane:methanol fraction of the alcoholic
extract  yielded:
(12.0 mg),
(3.4 mg), (2)-3-hexenyl-B-D-glucopyranoside (2.5 mg),
4-0-B-D-glucopyranosyl  caffeic acid (2.2 mg),
(7S,8S)-threo-7,9,9'-trihydroxy-3,3'-dimethoxy-8-0-
4’-neolignan-4-0O-B-B-D-glucopyranoside (1.2  mg),
4-0O-caffeoylshikimic acid (1.0 mg), clemastanin B
(0.6 mg), and icariiside B2 (0.5 mg) [201].

The acute toxicity of methanolic and aqueous

luteolin-5-0-B-D-glucopyranoside
kaempferol-3,7-di-O-B-D-glucopyranoside

Tom 14, Beinyck 1, 2026

extracts was studied in albino mice. As a result, none of
the investigated extracts showed toxic effects. LD, of
extracts from E. arvense herba was > 5000 mg/kg [202].

When

of 96 % ethanol and methanolic extracts from the

investigating the antibacterial activity
the following minimum
(mg/mL)
Staphylococcus aureus — 15.5 = 0.56, 20.58 + 0.8;
12.58 + 0.8, 15.41 + 0.52;
Enterococcus faecalis — 5.42 + 0.38, 5.25 + 0.43;
Streptococcus pyogenes — 16.00 + 1.30, 17.5 = 0.76,

respectively. At a concentration of 0.1 %, the ethanol

raw material, inhibitory

concentration values were established:

Escherichia coli —

extract reduced the biofilm formation process of
Staphylococcus aureus by 95.90 %, and the methanolic
extract — by 69.86 %. At a concentration of 0.05 %,
the effect decreased to 77.8 % for the ethanol extract
and to 69.38 %
concentration of 0.01 %, the ethanol extract reduced

for the methanolic extract. At a

biofilm formation by 63.0%, and the methanolic
by 48.72% [203]; the 96 %
extract showed antifungal activity against Candida

extract — ethanol
glabrata (28.0 + 0.57 mm), comparable to nystatin
(22.6 £ 0.33 mm) [204].

In Brazil, the diuretic effect of a standardized
dry extract (0.026 % flavonoids) was studied in a
double-blind, randomized clinical trial involving 36
healthy male volunteers aged 20 to 55 years, with
heights from 150 to 185 cm and weights from 50 kg
to 90 kg. Participants were divided into three groups
(n = 12) and alternately received the standardized
dry extract (900 mg), placebo (corn starch, 900 mg),
and hydrochlorothiazide (25 mg) for four consecutive
days. The diuretic effect of the extract was assessed
by monitoring the water balance of volunteers over 24
hours. The E. arvense extract exerted a diuretic effect
(522.62 + 463.03 mL) (p < 0.05) and was equivalent
to hydrochlorothiazide (542.01 + 935.37) (p < 0.067).
The extract caused a significant decrease in creatinine
(p = 0.003), uric acid (p = 0.010), CI- (p = 0.042), Mg*?
(p = 0.044), and phosphate (p = 0.032) levels. Rare
minor side effects were reported; one volunteer
complained of a severe headache [205].

Extract of common horsetail herb is part of
complex herbal MPs: “Marelin®”, film-coated tablets
(ZAO “VIFITEKH”, RF), “Phytolysin®”, capsules No. 40,
and “Phytolysin®”, paste for preparing oral suspension
(Herbapol, Poland), “Tonsilgon® N”, film-coated tablets,
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“Tonsilgon® N”, oral drops (Bionorica, Germany),
“Polyhemastat®”, powder for local and external use
(000 “Tekhnopark-Tsentr”, RF),
extract (Sanofi-Aventis, Germany), collection-powder
“Arfazetin-E®”  (JSC RF),

“Common Horsetail “Common

“Depuraflox®”, dry

“Krasnogorsklekredstva”,
Herb”
Horsetail Herb” filter bags 1.5 g x20. Preparations

pack 50 g,

of common horsetail are used for the treatment of
kidney and bladder diseases, urolithiasis, and upper
respiratory tract diseases as diuretic, antibacterial,
hemostatic, and immunomodulatory agents [206, 207].

Aerva lanata (L.) Juss.

Aerva lanata (L.) Juss., or pol-pala, is a biennial
herbaceous plant of the genus Aerva L. of the
Amaranthaceae Juss. family.

The main BASs of Aervae lanatae herba are
flavonoids, among which the dominant one is the
When
obtaining a dry extract of A. lanata in Uzbekistan using

flavonol  rutin  (quercetin-3-O-rutinoside).
various alcohol concentrations, the flavonoid content
(calculated as rutin) was as follows: 96 % alcohol —
0.87 £ 0.01 %; 70 % alcohol — 0.98 + 0.01 %; 50 %
alcohol — 1.23 £ 0.02 %; 30 % alcohol — 1.32 + 0.02 %;
water — 1.36 + 0.03 % [208]. An aqueous-alcoholic
extract obtained from plants growing in India contained
434 +
tannin; total phenol content was 127.84 + 1.50 mg/g
calculated as gallic acid; total
was 77.61 * 3.78 mg/g calculated as rutin [209].

Additionally, kaempferol, quercetin, apigenin, betulin,

0.63 mg/g of total tannins calculated as

flavonoid content

cantin-6-one (indole alkaloid), vanillic, syringic, and
ferulic acids were detected. From the ethyl acetate
(3.275 g), (0.697 g)
and from the methanolic extract,
(0.437 g) was [210]. Uzbek
scientists isolated vanillic, syringic, and ferulic acids
from the butanol fraction of Aerva herb [211].

Indian scientists studied the possibility of using

extract, cantin-6-one rutin

were isolated,

kaempferol isolated

botanicals from A. lanata herba as a treatment for
urolithiasis. I. Arthi et al. found that an aqueous
extract at a dose of 500 mg/kg body weight of Wistar
albino rats reduced (p < 0.001) the levels of major
stone-forming components — calcium, oxalates,
and phosphates in urine — to 2.09 + 0.08 mg/dL,
3.03 + 0.12 mg/dL, and 5.17 + 0.04 mg/dL, respectively

(“Cystone®” — 0.52 + 0.03 mg/dL, 1.49 + 0.05 mg/dL,
44

and 3.80 + 0.08 mg/dL, respectively) and in the
kidneys — to 2.61 + 0.03 mg/dL, 4.27 + 0.04 mg/dL,
and 3.36 + 0.07 mg/dL, respectively (“Cystone®”’ —
1.60 + 0.07 mg/dL, 3.41 + 0.06 mg/dL, and up to
2.51 + 0.06 mg/dL). At a dosage of 1000 mg/kg,
the results were lower [212]. B.M. Dinnimath et al.
isolated quercetin and betulin from A. lanata herba,
which showed diuretic and antilithogenic effects in
an oxalate nephrolithiasis model induced by ethylene
glycol
volumes on days 14 and 28 in the control group were
9.47 + 0.08 mL and 9.38 + 0.09 mL, while in the other
groups (before treatment) they were 12.65 + 0.11 mL
and 12.76 * 0.10 mL. After administering quercetin
to rats, urine volume increased from 12.76 + 0.10 mL
to 21.35 £+ 0.20 mL and 21.50 + 0.21 mL in rats
receiving betulin. Microscopic urine analysis showed

administration in male Wistar rats. Urine

a significant decrease in calculus size (p < 0.001) with
increased excretion of calcium, magnesium, oxalate,
and phosphate (p < 0.001). A decrease in urea and
creatinine levels was observed [213]. B. Mandal et al.
studied the activity of ethyl acetate and methanolic
extracts at doses of 32 and 200 mg/kg, respectively,
and the
of 750 mg/kg from day 15 to 30. The experiment results

“Cystone®” as a reference at a dose
showed: an increase in diuresis upon administration
of methanolic extract — 7.85 + 0.83 mL and ethyl
acetate extract — 6.22 + 0.59 mL compared to the
control group — 5.07 + 0.61 mL and the “Cystone®”
group — 8.80 + 0.78 mL (p < 0.0001); a decrease
in oxalate, calcium, and uric acid levels (g/100 mg
kidney weight) upon administration of methanolic
extract — 5.42 + 0.41, 1.29 + 0.21, and 5.42 + 0.72,
and ethyl acetate extract — 7.16 + 0.55, 1.36 + 0.33,
and 5.22 + 0.62, respectively, compared to the control
group — 10.51 + 0.60, 2.58 + 0.30, and 7.64 + 0.80,
and the “Cystone®’ — 3.68 + 0.63, 1.25 + 0.16, and
4.72 + 0.66, respectively (p < 0.0001) [214]. In an
in vitro study, S.K. Sarma et al. found that the highest
percentage of calcium oxalate calculus dissolution
(98 %);
acetate and methanolic extracts from Aerva lanata
herba also showed significant activity (87 % and 78 %,
respectively) [215].

was observed with the “Cystone®” ethyl

When an ethanol extract from Aerva lanata herba
was administered to Wistar albino rats, a direct dose-
diuretic activity relationship was established: as the

Volume X1V, Issue 1, 2026



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

Ob30P
DOI: 10.19163/2307-9266-2026-14-1-31-80

dose increased from 200 mg/kg to 1600 mg/kg, urine
volume increased from 0.46 + 0.008 mL to 1.01 £ 0.03 mL
(p < 0.05); control group — 0.40 * 0.005 mL;
furosemide (at a dose of 25 mg/kg) — 1.10 + 0.01 mL
(p < 0.05).
the experiment

Acute toxicity was not detected in
[216].
administration of an infusion from the raw material

Upon single intragastric
to male and female white mongrel rats, a pronounced
dose-dependent and temporary effect on kidney
excretory function was observed; high doses had a
predominantly inhibitory effect on renal excretion.
Thus, the infusion at a dose of 50 mg/kg increased
diuresis by 151 %, natriuresis by 56 %, kaliuresis by
39 %, and creatininuria by 81 % over 4 hours of the
experiment compared to the control; at the same
dose after 24 hours, a significant inhibition of diuresis
by 65 %, natriuresis by 70 %, and kaliuresis by 71 %
occurred; creatininuria changed insignificantly; a
dosage of 100 mg/kg reduced sodium excretion by
53 %, potassium by 58 %, and creatinine by 49 %
over 4 hours; the same dose after 24 hours led to a
decrease in water excretion by 41 %, sodium by 58 %,
and potassium by 47 % [151]. Considering the results,
it was proposed to use a phytopreparation based
on A. lanata as a standard preparation with a diuresis
volume of 8.8 + 1.1 mL for studying the diuretic
activity of other plants, particularly dried juice from
horseradish roots [217].

The antidiuretic effect was discussed in the study
by N.S. Sundar et al. Wistar albino rats receiving
2-decyl-1-tetradecanol from A. lanata had a total
urine volume of 1.30 + 0.27 mL/kg compared to the
control group’s 1.32 *+ 0.22 mL/kg per day, a decrease
of 2 %. Upon administration of furosemide (at a dose of
10 mg/kg), urine excretion was 7.38 * 0.53 mL,
and upon combined administration of 2-decyl-1-
tetradecanol (at a dose of 0.5 g/kg) with furosemide —
7.49 t
animals receiving furosemide, urea (33.76 + 2.9 mg/dL)
and creatinine (1.22 * 0.06 mg/dL)
reduced, while ALT and AST levels were elevated —
89.84 + 7.5 and 127.75 + 22.0 U/L, respectively; in

(combined

0.48 mL. Biochemical analysis revealed: in

levels were

animals receiving 2-decyl-1-tetradecanol
with furosemide), urea (35.26 + 2.2 mg/dL), creatinine
(0.98 + 0.03 mg/dL), ALT — 66.18 + 3.3 U/L, and
AST — 139.70 £ 18.1 U/L; in the control group, urea
(35.62 + 2.4 mg/dL), creatinine (0.97 + 0.14 mg/dL), ALT
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(64.36 + 4.2 U/L), and AST (139.10 + 19.1 U/L). Upon
administration of antidiuretic hormone (10 mg/kg),
similar results were obtained. The authors also
determined the LD100 of A. lanata herba extract, which
was 20.4 g/kg body weight of the rat [218].

An ethyl acetate extract showed efficacy against
Staphylococcus aureus (20 mm), Streptomyces
griseus, and Bacillus subtilis (18 mm); the ethanol
extract showed better results against Salmonella typhi
(25 mm), Staphylococcus aureus (23 mm), Bacillus
subtilis (22 mm),

Streptomyces gresius (21 mm) [219, 220].

Escherichia coli (22 mm), and

Aerva lanata herba is part of phytopreparations
such as “Aerva lanata Herb” pack 50 g, “Aerva lanata
Herb” filter bags 1.5 g x20. Drugs of Aerva lanata are
used for kidney and bladder diseases as diuretic and
anti-inflammatory agents [194].

Rosemary (Rosmarinus officinalis L.)

Rosemary (Rosmarinus officinalis L.) is a perennial
evergreen shrub of the genus Rosmarinus L. of the
Lamiaceae Lindl. family.

The main classes of BASs in rosemary leaves

(Rosmarini  officinalis ~ folia) are essential oil
components, including the main ones — the
monocyclic monoterpene 1,8-cineole and bicyclic

monoterpenes a-pinene and camphor, as well as

phenylpropanoids,  particularly  rosmarinic  acid.

In 70 % alcoholic extracts of R. officinalis leaves

harvested in the botanical garden of Pyatigorsk
Medical Pharmaceutical Institute, catechin,
epicatechin, quercetin, apigenin, rosmarinic acid

(0.181-0.184 %
caffeic, gallic, chlorogenic, and ferulic acids were

calculated as dry raw material),

found; in rosemary raw material from the Nikitsky

Botanical Garden (Republic of Crimea), the sum
of phenolic acids was 3.69 * 0.12% calculated
as rosmarinic acid, and cinnamic acid was also
identified [221, 222]. In rosemary leaf samples
harvested in the USA, the content of rosmarinic
acid was 14311.0 + 636.4 pg/g, luteolin-3’-
acetyl-O-glucuronide — 1488.50 + 47.58 ug/g,
luteolin-7-O-glucuronide — 1053.68 * 68.83 ug/g,

sage acid — 819.93 + 46.07 pg/g, 12-methoxycarnosic
acid — 982.78 + 32.77 ug/s,
797.75 + 32.70 ug/g, carnosol — 698.78 + 21.07 ug/g,
rosmadial — 588.64 + 24.14 ug/g, and rosmanol —

carnosic acid —
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218.48 + 11.70 pg/g [223]. In a methanolic extract
from raw material grown in Egypt, the predominant
compounds were naringenin — 2038 ug/g, ferulic
acid — 2017.27 pg/g, catechin — 1094.63 pg/g,
caffeic acid — 868.92 ug/g, gallic acid — 564.98 ug/g,
syringic acid — 310.83 pg/g, rutin — 226.78 ug/g, and
chlorogenic acid — 144.27 pg/g [224].

Rosemary leaf essential oil is a mobile liquid
from colorless to light yellow with a strong specific
camphor odor. The average yield of essential oil
obtained from R. officinalis leaves varies from 1.0 %
to 2.5 % depending on the plant’s growing region: in
the Krasnodar Territory (Russia) — 2.58 % [225]; in
the Republic of Dagestan (Russia) — 2.36 % [226]; in
Irag — 1.5 % [227]. The main components of essential
oil from rosemary leaves grown in the Republic of
Crimea (Russia) are camphor 18.9-32.6 %, 1,8-cineole
14.2-22.9 %, a-pinene 8.3-12.0 %, linalool 8.2 % [228];
in Saudi Arabia — bornyl acetate 26.59 %, 1,8-cineole
17.38 %, camphor 10.42%, borneol 9.78 %,
B-caryophyllene  7.80 %, 3.85% [229];
in Algeria — camphor 41.2 %, camphene 18.1%,

a-pinene

a-pinene 17.4 % [230]; in the Republic of Dagestan
(Russia) — a-pinene 40.93-47.51 %, verbenone
15.92 %, 1,8-cineole 9.06 %, camphor 4.39 %, limonene
4.33 % [226]; in Iraq — 1,8-cineole 53.63 %, camphor
37.32 %, borneol 3.66 %, B-linalool 0.84 % [227].

A 90 % methanolic extract of rosemary showed
antibacterial activity against Acinetobacter baumannii
and Enterococcus faecalis with inhibition zones at
100 mg/mL — 33 mm and 25 mm, at 50.0 mg/mL —
31 mm and 20 mm, at 20 mg/mL —
at 12.5 mg/mL —
23 mm, respectively [227]. An infusion of rosemary

30 mm
and 18 mm, 27 mm and
leaves grown in India inhibited the growth zone of
Streptococcus pyogenes by 4 mm and Escherichia coli
by 5 mm; a methanolic extract inhibited the growth
zone of Escherichia coli by 8 mm, Staphylococcus
aureus by 10 mm, and Streptococcus pyogenes by
11 mm; an acetone extract showed activity against
Staphylococcus  aureus,  Streptococcus — pyogenes,
and Escherichia coli, slowing pathogen growth by
7 and 8 mm, respectively [231]. The antibacterial
activity of a dry extract (extractant 96 % ethanol)
of raw material from Jordan was tested against
PMs isolated from the urine of 500 patients with

CIDKUT. The extract demonstrated inhibition zones:
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10 mm for Enterococcus faecalis and 16 mm for

Escherichia coli. Minimum inhibitory concentration

and minimum bactericidal concentration

values of R. officinalis extract ranged as
Escherichia coli (4 and 8
(8 and 16
and 32
Enterococcus faecalis (32 mg/mL and 64
Also, a concentration of 100 mg/mL reduced
Escherichia coli biofilm formation by 70 % [232].

In @ model of oxalate nephrolithiasis in Sprague-

follows:
Klebsiella
Pseudomonas

mg/mL);
pneumoniae mg/mL);
aeruginosa (16 mg/mL);

mg/mL).

Dawley albino rats, the antilithogenic activity of an
ethanol extract from rosemary leaves at a dosage of
200 mg/kg was established, which on the 35" day of
the experiment reduced serum creatinine levels —
4.80 + 1.360 mg/dL, urea — 24.51 + 1.097 mg/dL,
uric acid — 4.46 + 1.003 mg/dL,
3.92 + 0.026 mg/dL, and protein
1.30 + 2.001 mg/dL (p < 0.01) compared to the control
of 6.97 + 1.370 mg/dL, 28.18 + 1.096, 6.28 + 0.072,
4.03 + 1.009, and 7.83 * 0.930 mg/dL, and the
standard drug “Cystone®” — 4.82 = 0.098 mg/dL,
2447 + 1.027 mg/dL, 438 + 0.860 mg/dL,
3.73 £ 0.039 mg/dL, and 1.27 + 1.021 mg/dL (p < 0.01),
respectively. Administration of the extract contributed

calcium —

in urine —

to a reduction in the amount of substances responsible
for stone formation [233]. The extract at a dose of
200 mg/kg demonstrated a diuretic effect, and at a
dose of 400 mg/kg — an antipyretic effect in Wistar rats
[234]. A dry methanolic extract at a dose of 100 mg/kg
exerted a nephroprotective effect in Wistar albino rats,
binding to nickel chloride and protecting kidney tissue
from oxidative damage [235].

When investigating the antispasmodic activity of a
dry aqueous extract at doses of 150 pug/mL, 300 ug/mL,
600 pg/mL, and 1200 pg/mL on isolated smooth
muscle fragments of the urinary bladder of male
Sprague Dawley albino rats, it was found that the
extract does not possess myogenic activity towards
spasms of rat bladder smooth muscle induced by
acetylcholine and potassium chloride [236]. Studies of
the essential oil show that its anti-inflammatory activity
arises from the inhibition of NF-kB transcription and
suppression of the arachidonic acid cascade [237].

Rosemary leaf extract is part of botanicals such as
“Kanefron® N”, film-coated tablets, and “Kanefron® N”,
oral [238] and their

drops (Bionorica, Germany)

Volume X1V, Issue 1, 2026



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

Ob30P
DOI: 10.19163/2307-9266-2026-14-1-31-80

analogues. Rosemary drugs are used in the therapy
of kidney and urinary tract diseases as diuretic,
and anti-inflammatory

antispasmodic, antibacterial,

agents [239].

Garden lovage (Levisticum officinale Koch.)

Garden lovage (Levisticum officinale Koch.) is a
perennial herbaceous plant of the genus Levisticum Hill.
of the Apiaceae Lindl. family.

The main classes of BASs

in garden lovage

rhizomes and roots (Levistici officinalis rhizomata
et radices) are essential oil, containing phthalide
(2)-ligustilide,

pimpinellin dominates. The component composition of

and furanocoumarins, among which
coumarins was studied in methanolic extracts of dried
and fresh roots of 3-year-old L. officinale cultivated
in the Republic of Bashkortostan (Russia). Psoralen,
bergapten, imperatorin, osthol, umbelliferone, aesculin,
isopimpinellin, isobergapten, angelicin, xanthotoxin,
isoimperatorin, peucedanin, and vaginol-8-O-glucoside
(apterin) were identified in the lovage raw material. The
total coumarin content in fresh and dried roots varied
from 1739 to 2902 ug/g (variety Gerakl) and from
15.12 to 24.46 mg/g (variety Lider), respectively. The
leading furanocoumarins were apterin, xanthotoxin,
isopimpinellin, and pimpinellin, with contents ranging
from 197 ug/g to 357 ug/g, from 152 ug/g to 352 ug/g,
from 486 pg/g to 863 ug/g, from 904 ug/g to
1296 pg/g, and from 1.53 pg/g to 4.11 mg/g, from
1.40 ug/g to 3.75 mg/g, from 4.83 ug/g to 7.80 mg/g,
and from 7.36 pg/g to 11.26 mg/g, respectively.

Significant differences in coumarin content in
fresh and dried lovage roots were found during raw
material storage at different temperature regimes
(in a cool place and at room temperature) in an
experiment [240].

In Iran, from the ethyl acetate extract of lovage
rhizomes and roots, furanocoumarins bergapten,
isogosferol, oxypeucedanin, oxypeucedanin hydrate,
and imperatorin; the phenylpropanoid ferulic acid; and
the polyacetylene (polyine) falcarindiol were isolated
individually [241]. In studies by Russian scientists,
a 9%6%

content of 6.67 % calculated as angelicin and dry raw

ethanol extract showed a total coumarin

material [242], and in the initial raw material —
0.213 + 0.009 % calculated as psoralen and dry raw
material [243].

Tom 14, Beinyck 1, 2026

The vyield of essential oil obtained from dried
L. officinale rhizomes and roots varies from 0.11 %
to 1.80% [244]. in the
essential oil from raw material grown in the Republic
of Moldova are a-terpinyl 30.99 %,
B-phellandrene — 22.39 %, (Z)-ligustilide — 11.18 %,
B-myrcene — 8.65 %, sabinene — 3.39 %, with the
first identification of 6-butylcyclohepta-1,4-diene —
0.56 % and 7-formyl-4-methylcoumarin — 0.15 % [245];
in the essential oil from raw material grown in Iran,
terpinyl acetate — 21.1-42.1%, Z-B-ocimene —
13-28.1 %, neocnidilide — 4.8-11.6 %, Z-ligustilide —
0.8-5.8 %, and pentylcyclohexadiene 2.2-2.4 % [246];

The main components

acetate —

in the essential oil from raw material grown
in France and Belgium — phthalide isomers
(2)-3-butylidenephtalide and (2)-ligustilide —

73.2-82.6 %; in the essential oil from raw material
48.9 %,
phenylacetaldehyde — 17.2 %; in the essential oil from

grown in Scotland — pB-phellandrene —
raw material grown in the Netherlands, a-terpinyl
acetate — 38.2 %; in the essential oil from raw material
(E)-ligustilide — 52.4-70.9 %,
12.3 %, B-phellandrene —

grown in Estonia,
pentylcyclohexadiene —
11.3 % [244).
Phthalides
5-hydroxybutylidenephtalide, and 7-hydroxybutylidenephtalide,
exhibit
inhibitory

7-methoxy-3-propylidenephtalide,

isolated from L. officinale, antibacterial

activity. Minimum concentration

studies showed varying sensitivity of PMs to
7-hydroxybutylidenephtalide, which ranges as follows:
Escherichia coli (16 pg/mL), Staphylococcus aureus
(64 pg/mL), and Enterococcus faecium (128 pg/mL).
5-Hydroxybutylidenephtalide demonstrated moderate
activity against Staphylococcus aureus (128 ug/mL) and
Escherichia coli (256 pg/mL). The lowest activity was
observed with 7-methoxy-3-propylidenephtalide with
a minimum inhibitory concentration of > 256 ug/mL
against all strains [248]. The essential oil of Iranian
21.1-42.1 %,
4.8-11.6 %,

pentylcyclohexadiene

origin, containing terpinyl acetate
Z-B-ocimene 13-28.1%,
Z-ligustilide  0.8-5.8 %,

2.2-2.4 %, exhibits antibacterial activity against strains

neocnidilide
and
Enterococcus faecium,

of Staphylococcus aureus,

Escherichia coli, and Pseudomonas
with  minimum
of 32 mg/mL [246].

In in vivo studies, a dry ethanol extract (extractant

aeruginosa

inhibitory  concentration values
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70 % ethanol) showed that diuresis induced by the
extract (at a dosage of 975 mg/kg) was 6.37 + 1.16 mL
(p < 0.01) compared to the hydrochlorothiazide group
(at a dosage of 4.6 mg/kg) of 9.4 + 1.36 mL (p < 0.01)
and the control group of 2.12 + 0.55 mL [252].

Extracts of garden lovage rhizomes and roots
are part of botanicals such as “Phytolysin®”, capsules
No. 40, and “Phytolysin®”, paste for preparing oral
Poland),
film-coated tablets, and “Kanefron® N”, oral drops
[253].
Lovage preparations are used for the treatment of

suspension  (Herbapol, “Kanefron® N”,

(Bionorica, Germany), and their analogues
kidney and bladder diseases as diuretic, antibacterial,
anti-inflammatory, antispasmodic, and antilithogenic

agents [105, 254].

Canada goldenrod (Solidago canadensis L.)

Canada goldenrod (Solidago canadensis L.) is a
perennial herbaceous plant of the genus Solidago L. of
the Asteraceae L. family.

The main BASs of Canada goldenrod herb (Solidago
canadensis herba) are flavonoids. The most significant
compound is the flavonol rutin (quercetin-3-O-B-
rutinoside) [255]. In a dry alcohol-ether extract from
S. canadensis inflorescences, aglycones — quercetin,
kaempferol, and isorhamnetin, and their glycosides
(rutin),
(isoquercitrin),

quercetin-3-0-B-D-rutoside
0-B-D-glucoside
acetylglucoside,

quercetin-3-
quercetin-3-0-6"-
quercetin-3-0-B-D-rhamnoside;
kaempferol-3-6”-acetyl-B-glucoside,  kaempferol-3-0O-

a-L-rutoside (nicotiflorin), kaempferol-3-6”-O-acetyl-

B-glucoside; isorhamnetin-3-0O-a-L-rhamnopyranoside
were found [256]. From the butanol fraction of an
80 % ethanol extract of S. canadensis herba (Russian
raw material samples), 4 individual compounds were
isolated: quercetin-3-O-B-D-6"-acetyl-glucopyranoside
(8.2 mg); quercetin-3-O-rutinoside (rutin) (6.93 mg);
(3.34 mg); isorhamnetin-3-0-B-D-
rutinoside (narcissin) (3.02 mg) [257]. In a 70 % ethanol

extract of raw material from the Tver region, chicoric,

quercetin and

caffeic, chlorogenic, quinic, and ferulic acids were
identified. The total content of hydroxycinnamic acid
derivatives was (1.16 g + 10.7 mg)/100 g, with caffeic
acid being dominant (0.6 g + 12.3 mg)/100 g, calculated
as dry raw material [258].

The component composition of essential oil from
Canada goldenrod herba was also studied; its basis
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consists of monoterpene (49.02 %) and sesquiterpene
(24.26 %) (7.13 %)
and sesquiterpene esters,

hydrocarbons,
(6.03 %)
monoterpene carbonyl compounds (3.88 %). In the

monoterpene
alcohols, and
essential oil obtained from Egyptian raw material, the
main components were germacrene D (9.86-29.47 %),
a-pinene (3.38-29.17 %), y-cadinene (0.39-20.36 %),
myrcene (2.98-13.74 %), and limonene (4.81-11.47 %)
[259]; in the essential oil of goldenrod herb from
Slovakia, the main components are germacrene D
(34.9 %), limonene (12.5%), oa-pinene (11.6 %),
B-elemene (7.1 %), and bornyl acetate (6.3 %) [260].
The minimum inhibitory concentration against
PMs was studied for the essential oil obtained
from a Romanian raw material sample containing
a-pinene  (27.89 %), germacrene D (13.17 %),
limonene (12.28 %), and bornyl acetate (5.76 %). It
ranged from 1.41 mg/mL to 2.81 mg/mL for Gram-
positive PMs and from 2.81 mg/mL to 22.5 mg/mL for
Gram-negative PMs. Adhesion to the substrate was
prevented only in Gram-positive bacterial strains and
some vyeasts (Candida albicans and Candida famata)
at concentrations from 0.70 mg/mL to 2.81 mg/mL.
The microbial adhesion index of the essential oil
ranged from 0.19% to 82.48%. When testing
antimicrobial and antifungal activities, the following
values were obtained: Candida utilis — resistant;
Candida albicans — 7.67 + 0.47 mm; Acinetobacter
7.67 + 047 mm;
aeruginosa — 8 + 0.82 mm; Klebsiella pneumoniae —
8 + 0.82 mm; Escherichia coli — 8.33 + 0.47 mm;
Candida famata — 8.33 + 0.47 mm; Enterococcus
faecalis — 10.67 * 0.47 mm; Bacillus subtilis —
21.5 + 041 mm;
22.67 £ 0.47 mm [261].

Upon analysis of scientific

baumannii — Pseudomonas

Staphylococcus aureus —
literature on the
diuretic activity of S. canadensis herba botanicals,
a deficit of scientific data was found. In studies by
P.M. Abdel Baki et al., the diuretic activity of essential
oil and standardized dry extract from S. canadensis
inflorescences was studied (total phenolic compounds
in the ethanol fraction — 9.38 + 0.004 g calculated as
gallic acid, and flavonoids in the aqueous extract —
39.75 + 0.005 g calculated as rutin per 100 g of dry
extract, respectively). Diuretic activity was calculated
relative to furosemide (at a dose of 20 mg/kg, it
showed equivalent activity). Results: 70 % ethanol

Volume X1V, Issue 1, 2026



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

Ob30P
DOI: 10.19163/2307-9266-2026-14-1-31-80

extract (at a dose of 400 mg/kg) exhibited the highest
diuretic activity (91 % of furosemide activity) and was
higher than spironolactone and “Cystinol®” (59 % and
74 % of furosemide activity, respectively); the ethyl
acetate fraction of the ethanol extract (400 mg/kg)
showed moderate effect values (58 % of furosemide
activity); the aqueous extract (400 mg/kg) showed
lower diuretic activity (46 % of furosemide activity); the
essential oil (400 mg/kg) showed the lowest efficacy
(31 % of furosemide activity) [262].

Extract of Canada goldenrod herb is part of
complex herbal MPs — “Marelin®”, film-coated tablets
(zAO  “VIFITEKH”,
No. 40,
suspension (Herbapol, Poland), “ProstaNorm®”, film-
coated tablets (JSC “PharmVILAR”, Russia). Goldenrod
preparations are used for the treatment and prevention

Russia), “Phytolysin®”, capsules

“Phytolysin®”, paste for preparing oral

of kidney, bladder, and prostate diseases as diuretic,

antispasmodic, anti-inflammatory, and lithokinetic

agents [263].

Common juniper (Juniperus communis L.)

Common juniper (Juniperus communis L.) is
a perennial shrub of the genus Juniperus L. of the
Cupressaceae Gray. family.

The main group of BASs in common juniper
fruits (Juniperi communis fructus) is essential oil. The
dominant component is the bicyclic monoterpene
a-pinene (from 31.0 % to 49.0 %) [264]. Monoterpene
hydrocarbons constitute the main group of essential
oil components (73.5-93.7 %) [265]. In the essential oil
from juniper fruits collected in India, the component
composition is represented by monoterpene

including a-pinene (14.31-27.37 %),
(15.80-29.70 %), (4.12—-
14.23 %); sesquiterpene alcohols, including B-elemene
(0.77-3.65 %) (0.20-6.15 %);
sesquiterpenoid hydrocarbons, including a-cadinol
(5.63 %) and a-bisabolol (0.95-6.71 %) [266]. In an
essential oil sample from fruits collected in Portugal,
97  compounds identified,  constituting
(99.2-99.9 %) of the total oil, with high content of

a-pinene (41.6 %), B-pinene (27.6 %), and limonene

hydrocarbons,
D-limonene B-myrcene

and germacrene D

were

(6.4 %). A commercial essential oil sample contained
a lower amount of a-pinene (31.1 %) [267]. Essential
Iran

oil from juniper fruits growing in northern

included sabinene (36.8 %), a-pinene (20 %), limonene

Tom 14, Beinyck 1, 2026

(10.6 %), germacrene D (8.2 %), and myrcene (4.8 %)
as main components [268]. Analysis of the volatile
organic compound composition of essential oil
from different regions of Russia (Saratov, Moscow,
Leningrad, Novosibirsk regions) showed that elevated
concentrations of main components were found in
the Novosibirsk region: a-pinene (59.81 %), B-pinene
(14.84 %), (2.50 %), B-caryophyllene
(2.20 %), terpinene-4-ol (2.0 %), a-terpineol (1.73 %),
o-cymene (1.72%), camphene (1.70 %),
longifolene (1.14 %) [269].

The diuretic effect of J. communis botanicals is due

a-limonene

and

to the ability of essential oil components (terpinene-
4-ol, etc.) to irritate the urothelium of the renal
glomeruli, promoting increased diuresis [270], which
explains the contraindications for individuals with
acute inflammatory kidney diseases [271].

In studies, a 10 % infusion of dried juniper fruits,
juniper essential oil (0.1 % aqueous solution), and
terpinene-4-ol (0.01 % aqueous solution) effectively
stimulated diuresis in rats from the 2nd day without
electrolyte loss, with the infusion showing the greatest
diuretic activity on the second (+43 %) and third days
(+44 %) [272]. An aqueous extract from juniper fruits
at doses of 500 mg/mL, 1000 mg/mL, and 2000 mg/mL
in vitro reduced the weight of calculi consisting of
calcium oxalate (50 %), calcium phosphate (20 %),
ammonium magnesium orthophosphate (10 %), and
ammonium (20 %) from 1458 mg to 1162 mg, 1124 mg,
1136 mg, 1144 mg, 1096 mg, 1126 mg, and 1130 mg,
respectively [273].

Dry hexane, chloroform, ethyl acetate, methanolic,
in 1%
dimethyl sulfoxide) at a dose of 10 pL were tested

and aqueous extracts (aqueous solutions

for antibacterial activity against PMs Acinetobacter
baylyi, Escherichia coli, Klebsiella pneumoniae, Proteus
mirabilis, Proteus vulgaris, Pseudomonas aeruginosa,
and Staphylococcus aureus. All tested extracts were
moderate inhibitors of bacterial growth. The most
susceptible bacterial species to all extracts was
Klebsiella pneumoniae. Proteus spp. were very sensitive
to all extracts except the hexane extract. Methanolic,
aqueous, and ethyl acetate extracts inhibited the
growth of Acinetobacter baylyi and Staphylococcus
while Escherichia coli and Pseudomonas
inhibited only by methanolic

The ethyl

aureus,
aeruginosa were

and aqueous extracts. acetate extract
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demonstrated the highest activity against the growth of
Proteus mirabilis, Proteus vulgaris, and Staphylococcus
aureus. The ethyl acetate extract was an effective
inhibitor of bacterial growth with minimum inhibitory
concentration values < 1000 pg/mL against several
bacterial species [274]. Essential oil from Romanian
juniper fruits exhibits strong antifungal activity
against Aspergillus niger (20.33 mm) and antibacterial
activity against Micrococcus luteus (22.66 mm) and
Staphylococcus aureus (17.33 mm), with lower efficacy
against Gram-negative bacteria such as Escherichia
coli (7 mm), which showed resistance to ampicillin.
Candida albicans demonstrated resistance to the

essential oil [271].

Dyers’ madder and Georgian madder

(Rubia tinctorum L.)

Dyers’ madder (Rubia tinctorum L.) and Georgian
madder (Rubia iberica (Fish. ex DC). C. Koch) are
perennial herbaceous plants of the genus Rubia L. of
the Rubiaceae Juss. family.

The main group of BASs in madder rhizomes
(Rubiae
anthraquinones,

and roots rhizomata et radices) are
among which the dominant and
most active component is ruberythric acid (alizarin-
2-xylosylglucoside). Madder rhizomes and roots are
a source for obtaining “Madder Extract”, tablets
(JSC “Pharmcenter VILAR”, ZAO “VIFITEKH”, Russia),
“Urocistenal”, oral drops (OO0 “Pharmamed”, Russia),
and others.

Madder

diuretic, antispasmodic, and stone-dissolving effects

rhizome and root extract possesses
on phosphate calculi, promoting their excretion from
the kidneys and urinary tract. The litholytic (stone-
dissolving) effect of anthraquinones from madder is
explained by complex formation with calcium and
magnesium cations, which are components of loose-
structure renal stones, primarily of phosphate nature.
Extractive substances from madder rhizomes and roots
help reduce the tone and increase the peristalsis of the
renal pelvis and ureters, promoting the movement and
excretion of calculi from the body.

Experimental studies have established that a
renal stone weighing 20 mg decreased by 5 mg after
15-day exposure to a 5% madder extract solution.
The stone turned red and acquired a loose structure.
During the study, the effect of dry madder extract
on diuresis under water load in rats was evaluated.
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Single administration of the extract (at a dose
of 100 mg/kg) caused a 114 % increase in diuresis.
With 12-fold administration of the extract (at a dose of
100 mg/kg) over 14 days, the following dynamics were
observed: on the first day, diuresis increased by 40 %,
and by the eighth day — by 55 %.

Clinical studies have demonstrated the efficacy
of the extract in nephrolithiasis. In patients with
calculi of various localization (kidneys, ureters, and
bladder), taking the extract at 2 tablets 3 times a day
for 15-25 days contributed to: a decrease in pain
intensity and an increase in the excretion of sand
and small calculi. After completing the course of
treatment and surgical removal of large stones from
the renal pelvis, no recurrences were observed within
6 months. Administration of the extract for one month
contributed to an improvement in urine composition,
a decrease

in pyuria, and the disappearance of

erythrocytes?.

Official medicinal products for the treatment
and prevention of chronic infectious

and inflammatory diseases of the kidneys
and urinary tract

In most recommendations medical
antibiotic
primary and standard method for preventing CIDKUT

in global

practice, therapy is considered the

recurrences [275]. For example, the recommended

first-line empirical antibiotic therapy for acute
uncomplicated bacterial cystitis in healthy non-
pregnant women includes a 5-day course of

nitrofurantoin, a single dose of fosfomycin, or
a 5-day course of pivmecillinam [29, 276].

Plant-derived drugs are widely used as auxiliary,
in the

comprehensive treatment and prevention of CIDKUT [277].

and less commonly, as primary agents
Combined MPs registered under the trade names
“Kanefron® N”, “Cystone®”, “Phytolysin®”, “Urolesan®”,
“Urohol®”,

“Brusniver®” have gained the widest distribution [278,

“Rovatinex®”, “Fito-nefrol®”, and
279]. The active components of the listed MPs allow

for the desired pharmacological effects, including
improved renal blood flow, suppression of PMs, and
increased diuresis, consequently leading to improved

urodynamics of the urinary tract [280].

2 Medicinal preparations from plants (VILAR’s experience): a
scientific publication; Vechkanova SA, Kolkhir VK, Sokolskaya TA,
Voskoboinikova 1V, Bykov VA. Moscow: MADRID; 2009. 432 p. Russian
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Medicinal products of the “Kanefron® N” series

The therapeutic effect of the “Kanefron® N” series
of MPs (Bionorica SE, Germany) is achieved through
the combination of BASs from a mixture of MPRMs —
herb of centaury (Centaurii herba), roots of garden
lovage (Levistici officinalis radices), and leaves of
rosemary (Rosmarinus officinalis folia). “Kanefron® N”
series MPs are used in three dosage forms — as film-
coated tablets containing either a mixture of powdered
MPRMs or a total extract from the MPRM mixture in
one formulation, and as a solution (drops) containing
an extract from the MPRM mixture in another.
MPs

antibacterial,

“Kanefron® N”  series possess  diuretic,

antispasmodic, and anti-inflammatory
activity and are used in the treatment of acute and
chronic kidney and bladder infections (pyelonephritis
and cystitis), as well as urolithiasis [281].

In studies on rats with cystitis, it was found
that “Kanefron® N” series MPs reduce the intensity
of the

Researchers attribute these effects to the inhibition of

inflammatory process and hyperalgesia.

prostaglandin E2 and leukotriene B4 biosynthesis [282].
“Kanefron® N” MPs inhibited
NF-kB cytokines, responsible for the immune response

series selectively

in inflammatory reactions, positioning them as
immunomodulators. The study authors also found
that “Kanefron® N” series MPs exhibit RIPK1 inhibitor
properties — a protein involved in cell apoptosis, which
is of particular significance in inflammatory processes
caused by uropathogens [283].

with
“Kanefron® N” allows avoiding additional antibiotic

In primary  healthcare, treatment
load in most patients with acute recurrent cystitis and
chronic pyelonephritis [284].

Several studies on the use of “Kanefron® N”
MPs

have proven that “Kanefron® N” effectively reduces

series MPs in combination with traditional
inflammation, improves renal microcirculation, and
lowers pro-inflammatory cytokine levels [285, 286]. The
combination of “Kanefron® N” + “Furamag®” (furazidin)
significantly reduces the number of relapses in the long
term [287, 288]. The combination of “Kanefron® N” +
“Flamax Forte®” (ketoprofen) achieves efficacy without
the use of antibacterial agents [289].

Studies confirm the safety of “Kanefron® N” series
MPs regarding the fetus. During the first trimester of
pregnancy, “Kanefron® N” did not exert a teratogenic

Tom 14, Beinyck 1, 2026

effect on the fetus or affect the general condition of
newborns [290]. Therapy in women of reproductive
age suffering from acute recurrent cystitis shows
a decrease in the frequency of relapses, as well
as cases of bacteriuria and pyuria. The use of MP
“Kanefron® N” reduces the risk of bacterial
resistance to antibiotics [291]. In the treatment of
asymptomatic bacteriuria in pregnant women, in the
group treated with the classical antibiotic therapy
regimen (fosfomycin 3 g single dose or cefixime 400
mg once daily for 7 days or amoxicillin-clavulanate
(500 + 125 mg) three times daily for 7 days), cystitis
occurred in one patient, and pyelonephritis in three;
in the group receiving therapy with the plant-based
preparation, the outcome was more favorable — one

case of cystitis and no cases of pyelonephritis [292].

In the treatment of chronic pyelonephritis,
6 months after completing treatment with
“Kanefron® N”, patients showed no bacteriuria,

leukocyturia, lumbar pain, or elevated temperature.
In the second group, the situation was as follows:
patients retained leukocyturia and bacteriuria. Thus,
the second group of patients showed slower recovery
and retained some symptoms even six months after the
start of treatment [293]. A comparison of the efficacy
of monotherapy with “Kanefron® N” and ciprofloxacin
revealed that with phytotherapy for 30 days, the
probability of recurrence within a year was 5 %, while
with antibiotic use, this indicator reached 12.5 %. Side
effects were not identified with phytotherapy, whereas
they were observed in 18.8% of cases in classical
therapy [294].

The efficacy of “Kanefron® N” series MPs was
also studied in Phase Il clinical trials. In the group
of patients using “Kanefron® N”, it was found that
238 patients (83.5 %) did not
antibiotic therapy (p < 0.0014). During the study,
13 patients (4.0 %) experienced side effects in the

require additional

form of gastrointestinal dyspeptic disorders, while
in the group receiving fosfomycin antibiotic therapy,
there were 22 such cases (6.6 %). In the group using
fosfomycin, one patient experienced an exacerbation
of chronic pancreatitis, and one case (0.3 %) of mild
pyelonephritis was recorded. In 5 patients (1.5 %) in
the group using “Kanefron® N”, pyelonephritis was
detected — in 4 patients in a mild form and in 1 in a
moderate form. The authors attribute this to the
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fact that 3 episodes of pyelonephritis occurred on
the same day and 1 episode the next day, which may
indicate that the disease could have developed without
diagnostic signs [295, 296].

During the study of the efficacy of monotherapy
with “Kanefron® N” series preparations, it was found
that they demonstrated high efficacy in treating acute
cystitis. Fifty-one women participated in the study,
with  “Kanefron® N”

in 22 patients from the main group (88.5 %), and the

ensuring complete recovery
risk of recurrence was recorded in two (7.7 %) [297].
The State Pharmacopoeia of the
Federation, 15th ed. (pharmacopoeial articles:
GPhM.3.4.0028.22 “Centaury Herb + Garden Lovage
Rhizomes and Roots + Common Rosemary Leaves
Liquid Extract, Oral Solution” and GPhM.4.0027.22
“Centaury Herb + Garden Lovage Rhizomes and Roots +

Russian

Common Rosemary Leaves, Tablets”) regulates the
quality of MPs comprising the “Kanefron® N” series,
as well as its analogues —"”Nephrosten®” (ZAO
“Evalar”, Russia), “Kanefit®” (ZAO “VIFITEKH”, Russia),
Phytofron®” (JSC “PharmVILAR”, Russia), etc.

Medicinal products of the “Phytolysin®” series

“Phytolysin®” series MPs (Herbapol, Poland) are
produced in two dosage forms — capsules for oral
administration and paste for preparing oral suspension.
“Phytolysin®” is a combined MPs containing a
mixture of extractive substances or thick extracts
of curly parsley roots, fenugreek seeds, knotgrass
herb, creeping wheatgrass rhizomes, birch leaves,
common horsetail herb, garden lovage rhizomes and
roots, common goldenrod herb, and dry outer scales
of onion bulbs. The composition has diuretic, anti-
inflammatory, and antispasmodic effects and promotes
[105, 254].

series preparations help reduce clinical symptoms of

reduced crystallization “Phytolysin®”
infectious diseases, normalize diuresis, and increase
urine pH, which directly affects the level of stone-
forming substances. With prolonged use, they reduce
the number of urolithiasis recurrences [298] by
enhancing uric acid excretion [299]. Comprehensive
therapy of acute and recurrent chronic cystitis with
“Phytolysin®” series preparations allowed for the relief
of major infection manifestations within 3-4 days.
Patients reported no recurrences for six months after

therapy [300]. Combined antibacterial therapy using
52

“Phytolysin®” in conjunction with fosfomycin achieved
sterile urine cultures in patients after three months of
treatment [301].

Medicinal products of the “Urolesan®” series
MPs (OO0 “ART-PHARM”,
Russia) are available in three dosage forms — capsules

“Urolesan®” series

for oral administration, solution (drops) for oral
administration, and syrup. An analogue of “Urolesan®”
is “Urohol®”, oral drops (ZAO “VIFITEKH”, Russia). The
active components of the MPs are Siberian fir needle
essential oil, peppermint leaf essential oil, wild carrot
seed liquid extract, common hop cone liquid extract,
common oregano herb liquid extract, and castor
bean seed fixed oil. The drop form of the preparation
contains ethanol (60 % to 80 % vol.).

In clinical studies (n = 195), it was found that when
“Urolesan®” series MPs were prescribed, positive
dynamics in relieving acute cystitis symptoms were
achieved in 82.6 % of cases in capsule form and 80.9%
in drop form [302].

The litholytic activity of “Urolesan®” series MPs
was established. Ninety-five patients diagnosed
with urolithiasis participated in the study. The size
and average density of concretions in patients were
(74 + 0.5) mm and (767 * 25) Hounsfield units,
respectively. Patients were divided into a control
group (n = 40) and a group receiving treatment
with “Urolesan®” for 1 month. As a result, in the
“Urolesan®” group, a reduction in concretion size
and density to (6.2 £ 0.3) mm and (623 + 20) units,
respectively, was observed. Results in the control group
were as follows: stone size and density 7.2 £ 0.3 mm
and 754 + 22 units, respectively [303].

The

MPs was also studied in pediatric practice. Sixty-

possibility of wusing “Urolesan®” series
three children aged 5 to 15 years diagnosed with
“chronic complicated pyelonephritis and secondary
hyperoxaluria” participated in the study. Patients
were divided into two groups: Group 1 received
“Urolesan®” syrup according to the instructions for use
in combination with antibiotic therapy and furazidin in
prophylactic dose; Group 2 received antibiotic therapy
in combination with furazidin in prophylactic dose
and did not receive “Urolesan®”. As a result, general
urine analysis parameters normalized in both groups,

with Group 1 showing improvements 2—3 days earlier.
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Normalization of oxalate excretion and urine pH after
one month of therapy was recorded in 25 (78.1 %)
patients (in the control group, 19-61.3 %), and serum
uric acid levels were 1.2-1.5 pmol/L compared to
baseline. Asymptomatic bacteriuria was observed
in only one patient in Group 1 and four in Group 2.
Relapses were absent in 30 patients (93.7 % of cases)
in Group 1 and 25 (80.6 %) patients in Group 2.
During therapy, botanicals were well tolerated. Two
patients experienced a mild allergic rash while taking

“Urolesan®” [304, 305].

“Brusniver®” herbal collection
The herbal
“Krasnogorsklekredstva”,

(Jsc
consists of the

collection ~ “Brusniver®”
Russia)
following components: common bearberry leaves —
Vaccinii  vitis-idaeae folia (50 %), St.
herb — Hyperici herba (20 %), rosehip fruits — Rosae
fructus (20 %), three-part beggar-ticks herb — Bidenti
tripartitae herba (10 %). The collection in the form

of infusion and decoction exhibits antimicrobial,

John’s wort

pronounced anti-inflammatory, and mild diuretic
activity.

The bacteriostatic effect of an aqueous extract
from the “Brusniver®” collection was studied using the
double serial dilution method. In vitro experiments
showed that the extract from the collection had
antimicrobial and antifungal activity against a range of
pathogenic microorganisms, including Gram-positive
Staphylococcus aureus 209-P; Gram-negative bacteria
M-17, Proteus vulgaris H-3137,

Pseudomonas aeruginosa 44; yeast-like and mold fungi

Escherichia coli

Microsporum lanosum, Candida albicans 1755. During
the study, the effect of the infusion from the collection
on diuresis in rats was evaluated. The infusion was
administered at a dose of 1000 mg/kg and exerted a
diuretic effect in experiments with 5-hour diuresis,
increasing urine output by 11.9 %.

The efficacy of combined therapy in patients
(n = 31) with various nosological forms of CIDKUT
(pyelonephritis, urolithiasis, urethritis, prostatitis, and
cystitis) was studied in clinical trials using an infusion
from the “Brusniver®” collection in combination with
broad-spectrum antibacterial drugs (cephalosporins,
aminoglycosides, The
therapy demonstrated a positive effect in 26 patients
(83.8 %)>.
3 |bid.

semi-synthetic  penicillins).
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Official medicinal products for the treatment
and prevention of urolithiasis

Medicinal products “Rovatinex®”,
enteric-coated capsules

Currently, terpenes derived from plant raw
materials are successfully used in medicine [306].
Terpene-based preparations possess antispasmodic,
lithokinetic
actions [307]. An example of such a preparation
[308].

“Rovatinex®” (Rova Pharmaceuticals Ltd, Ireland) are

diuretic, anti-inflammatory, and

is “Rovatinex®” The active substances of
anethole, borneol, camphene, and cineole, which exert
diuretic, anti-inflammatory, and antibacterial effects;
pinene enhances renal blood flow; fenchone initiates
antispasmodic effect [309]. “Rovatinex®” is a drug of
choice for lithokinetic therapy of calculi of various
chemical etiologies, as well as in the complex therapy
of chronic pyelonephritis [21, 310].

In in vivo studies, it was demonstrated that upon
administration of “Rovatinex®”, patients experienced a
decrease in leukocyturia, and daily diuresis increased,
which facilitated the effective passage of calculi. Stone
migration after extracorporeal shock wave lithotripsy
and administration of “Rovatinex®” in the control
group was observed on days 1-5 [309]. Urine pH was
also normalized, which directly affects the reduction
of urolithiasis recurrences. Course administration of
“Rovatinex®” was not accompanied by complications or
side effects [311-313].

In a study by W.N. Jaffal, the lithokinetic activity of
“Rovatinex®” and tamsulosin after extracorporeal shock
wave lithotripsy was investigated. Patients were divided
into groups: Group A, consisting of 28 patients, served
as the control group; Group B, consisting of 28 patients,
received tamsulosin capsules 0.4 mg once daily; Group
C, consisting of 28 patients, received “Rovatinex®” one
capsule three times a day before meals. Clinical success
was defined as the presence of residual calculi with a
diameter of 4 mm or less. Clinical success was achieved
in: 23 % of patients in Group A; 48 % in Group B; 44 %
in Group C. After 8 weeks, the following dynamics
were observed: Group A — 46 %; Group B — 80 %;
Group C — 76 %. No complications were observed
during treatment, except for hematuria, which was
noted in 26 % of patients in Group A, 8 % in Group B,
and 12 % in Group C [314].

Later, in a study by H.R. Mohammed et al., the
efficacy of “Rovatinex®” was confirmed. Four weeks
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after taking “Rovatinex®” (n = 30), 8 (13.3 %) patients
had complete disappearance of calculi, compared to
the control group (1 patient — 6.7 % in the control
group). After eight weeks — in 53.3 % of patients
(33.3 % in the control group) (p > 0.05). After twelve
weeks, in 93.3% of cases in the group receiving
medicine “Rovatinex®”, complete stone clearance
was observed compared to the control group (80 %)

(p > 0.05) [315].

Medicinal product “Cystone®”, tablets

“Cystone®” (Himalaya Drug Co., India) includes
the following active components: extract of two-
lobed stem flowers, extract of saxifrage tongue stem,
extract of heart-leaved madder stem, extract of couch
grass rhizomes, extract of rough-fruited cinquefoil
seeds, extract of bracteate onosma herb, extract
of ash-colored vernonia, powder of silicate of lime,
and powder of purified mumijo [316]. 192 patients
participated in clinical studies. The study showed
that in 107 (64.84 %) patients, “Cystone®” promoted
in 10 (6.06 %)
stone size decreased; in 17 (10.3 %) patients, size

stone dissolution (lysis); patients,
did not change; in 31 (18.78 %) patients, stone size
[317, 318]. The use of “Cystone®”’ in
combination with hydrochlorothiazide did not enhance

increased

the efficacy of monotherapy with the plant-based drug
in treating and eliminating urinary tract stones [319].

Medicinal products containing madder extract

Extracts from madder rhizomes and roots (see
subsection “Dyers’ madder and Georgian madder”) are
part of many herbal collections and combined MPs with
urolithic activity. The most well-known among them
are “Cystenal”, oral drops, “Madder Extract”, 250 mg
tablets, and “Marelin®”, film-coated tablets.

“Marelin®” is a combined MPs (ZAO “VIFITEKH”,
Russia), which includes extracts of dyers’ madder
rhizomes and roots, Canada goldenrod herb, common
horsetail herb, lily of the valley cardiac glycoside
sum, kellin furanocoumarin, and salicylamide. The
preparation has diuretic properties, enhances the
peristalsis of the renal pelvis and ureter musculature.
It is used as a remedy for treating kidney stone
disease [25, 320].

In studies conducted by V.V. Ivanov, the clinical
efficacy of “Marelin®”’ was investigated. It was found
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that over six years of therapy, 30 patients in the main
group (100 people) receiving therapy with “Marelin®”
experienced recurrent relapses. In the control group
(also 100 people), which did not receive treatment with
the botanicals, relapses occurred in 70 people [321].

Promising sources of plant-based medicinal
products for the treatment of chronic infectious
and inflammatory diseases of the kidneys

and urinary tract

The current state of the Russian pharmaceutical
market is characterized by the prevalence of domestic
monopreparations. In the segment of multicomponent
plant-based MPs, approximately 70 % are represented
by foreign products [322, 323]. Under these conditions,
the search for new sources of BASs among non-official
domestic plant raw materials, and the expansion of the
range of medicinal products with a full technological
production cycle within the country, leading to a
reduction in imports of drugs and raw materials from
other countries, become particularly significant. This
is especially important for ensuring national security
and supply stability. Competitive Russian drugs can be
in demand on the international market, contributing to
increased exports and strengthening the position of the
Russian Federation in the international pharmaceutical
market.

True bedstraw (Galium verum L.)

True bedstraw (Galium verum L.) is a perennial
herbaceous plant of the genus Galium L. of the
Rubiaceae Juss. family [324].

Currently, true bedstraw is not an official MPRMs
source. Data on the plant’s use in folk medicine should
be considered. The above-ground part of G. verum is
used for epilepsy seizures and psychoses. In Serbia, G.
verum is used as a tonic, antiscorbutic, and sedative
agent. Several other properties have been noted:
diaphoretic, diuretic, and antispasmodic; it is also used
for treating skin diseases [325].

(Galii herba) has
attracted the scientific community’s attention as a

True bedstraw herb veri
promising source of BASs in the last decade. In a study
by I.L. Shynkovenko et al., the chromatographic profile
of an alcoholic extract of G. verum (extractant 96%
ethanol) was studied. Seven saponins belonging to
the ursane type (ursolic, euscaphic, tormentic acids,
and uvaol), oleanane type (oleanolic acid), and lupane
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type (betulin and lupeol) were detected, with lupane-
type saponins predominating (2.50 mg/mL), and lupeol
being the dominant compound (1.60 mg/mL) [326].

In G. verum herba, iridoid glycosides — derivatives
of asperuloside and loganin — were identified [327]:
asperuloside, asperulosidic acid, diacetyl-asperulosidic
6-0-epi-
acetylscandoside, daphylloside, diacetyl-daphylloside,

acid, 10-diacetylasperulosidic acid,
loganin, 10-hydroxyloganin, monotropein, scandoside,
seco-galioside, geniposidic acid, 10-hydroxymoronoside
[328, 329]. The
asperuloside in G. verum herba growing in Estonia was
40.8 + 2.9 mg/g [330]. L.O. Demirezer et al. isolated

and identified 7 iridoid glycosides individually, such as

sum of iridoids calculated as

asperuloside, asperulosidic acid, diacetyl-asperulosidic

acid, monotropein, 6-0-epi-acetylscandoside,
daphylloside, and diacetyl-daphylloside [331].

Gas chromatography-mass spectrometry was used
to establish the profile of volatile organic compounds.
In a study by I. Ciotlaus et al., it was found that the
volatile organic compounds of the dry herb extract
were mainly aldehydes — 35.48 %, monoterpenes —
35.48 %, alcohols — 11.96 %, sesquiterpenes — 3.71 %,
3.14 %, 10.11 %. The

main composition of fresh herb was represented by

acetates — and others —

monoterpenoids (73.57 %). Fifty compounds were
identified, among which the dominant components
were linalool — 30.08 % and eucalyptol — 13.87 % [332].
K. Antoniak et al. conducted a study of the essential
oil of G. in Poland. The
analysis yielded 2.60 mL/kg of essential oil, in which

verum herba growing

71 components were identified, with the predominant
compounds being palmitic acid — 10.87 %, anethole —
8.39 %, menthol — 5.28 %, and linoleic acid — 4.91 %.
Carvone, f-ionone, phytol, menthone, estragole,
linalool, and B-farnesene were present in smaller
quantities [333].

One of the dominant groups of BASs in the above-
ground part of G. verum are phenolic compounds [334—
336]. (35%, 50%, 60%, 70%, and
100 %) (70%, 80%, and 100 %)

extracts, the following BASs were identified: gallic

In ethanol
and methanol

acid, caffeic, chlorogenic, neochlorogenic, 3,5- and
4,5-dicaffeoylquinic, vanillic, coumaric, ferulic acids,
umbelliferone, and flavonoids: catechin, kaempferol,
quercetin, quercitrin, isoquercitrin, rutin, hyperoside,
isorhamnetin-3-0O-

luteolin, apigenin-7-O-rutinoside,
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glucoside [326, 328, 337]. When studying aqueous,
alcoholic (96 %), and aqueous-alcoholic extracts of
various concentrations (20 % and 60 %), it was found
that all extracts contained chlorogenic acid and rutin;
the alcoholic extract also contained cynaroside and
quercetin; the aqueous extract and 20 % aqueous-
alcoholic extract contained polysaccharides [338].

The content of phenolic compound classes in
20 %, 60 %, and 96 % extracts of G. verum herba was
also determined. Hydroxycinnamic acid derivatives,
flavonoids, and polyphenolic compounds were
determined in the obtained extracts. It was found that
the 20 % extract contained 3.1 % hydroxycinnamic
0.24 % and 2.9%
polyphenolic compounds; the 60 % extract contained
4.13 % 0.16 %

flavonoids, and 3.84 % polyphenolic compounds; the

acid derivatives, flavonoids,

hydroxycinnamic acid derivatives,

96 % extract contained 2.7 % hydroxycinnamic acid
derivatives, 0.18 % flavonoids, and 2.9 % polyphenolic

compounds [339]. The dominant components
(in pg/g dry extract) in the alcoholic extract of
dry extract (1 mg/mL) were: chlorogenic acid

(15.561 + 778), cynaroside (9612 + 288), isoquercitrin
(6873 + 206), and quercetin (179.1 + 53.7) [340]. The
guantitative composition of phenolic compounds in
G. verum herba was determined in terms of leading
compounds. According to the authors [324], the
content of flavonoid substances in raw material
sources is as follows: from the Russian Federation —
23.4 mg/g (hyperoside); in Ukraine and the Republic
of Belarus — 4.18 mg/g and 130.7 mg/g, respectively
(rutin) [336, 339, 343]; from Romania, Estonia, and
Croatia — 6.88 ug/g, 7.3 mg/g, and 23.11 mg/g,
respectively (quercetin) [330, 337, 342]. The content
of polyphenol substances calculated as gallic acid
was as follows: raw material from Romania, Moldova,
Estonia, and the Republic of Belarus — 1.97 mg/g [337],
26.21 mg/g [343], 27.2 mg/g [333],
119.5 mg/g [341], respectively. Analysis of the data

and

indicates a lack of standardization in approaches to
the quantitative assessment of phenolic compounds
in G. verum herba. However, a trend towards using
quercetin and gallic acid as standard substances for
assessing flavonoid and polyphenol content is observed.

An aqueous extract of the herb, administered
intragastrically to male and female white mice and
rats, showed no acute or chronic toxicity. No animal
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Thus,
extract of G. verum, according to the classification

died during the experiment. the aqueous

of chemical substances by hazard level, belongs
to hazard class IV — slightly hazardous substances
(GOST 12.1.007.76) [344].

A.L. Zayko and T.A. Bryukhanova studied the effect
of G. verum extracts on kidney excretory function.
Wistar albino rats were used in the experiment.
Animals received aqueous (1:1) and alcoholic extracts
(20%, 60%, and 96 %). A decoction of common
horsetail herb (1:10) served as a comparison drug.
The results showed that the 60 % aqueous-alcoholic
extract had the highest diuretic activity compared
to the comparison drug (2.13+0.09 mL of urine
excreted after 2 hours and 3.86 + 0.11 mL after 4
hours), with 1.89 + 0.04 mL of urine excreted after
2 hours and 3.80 * 0.07 mL after 4 hours [345]. An
infusion of G. verum herba (1:10) was studied for
antilithogenic activity using an oxalate (ethylene glycol)
nephrolithiasis model. The infusion was administered
enterally at 1 mL/day to male Wistar rats. No formation
of new calculi and slowed growth of existing ones were
detected. Stone size decreased by 64 % [346].

Phenolic compounds of G. verum herba exhibit
anti-inflammatory, antibacterial, and antioxidant
effects [347, 348]. The herb infusion affected the
The effect

significant results after the first hour and peaked at two

exudation phase. reached statistically
hours. Inflammation reduction was recorded at 37 %,
which is one and a half times higher than the activity
indicators of the control group [349]. Alcoholic extracts
also showed the ability to reduce pro-inflammatory IL-8
and IL-6 levels [350].

The antifungal activity of an ethyl acetate-
alcoholic (8:2) fraction of G. verum herba against 10
Candida species was studied, showing a decrease
in the order: C. famata, C. intermedia ATCC 14439,
C. intermedia Y-59, C. rugosa, C. tropicalis F-195,
C. tropicalis 195, C. albicans, C. parapsilosis, C. utilis,
and C. glabrata. The antifungal activity of G. verum was
at the level of the antifungal drug fluconazole [351].

The authors studied the antimicrobial activity of

aqueous, alcoholic (96 %), and aqueous-alcoholic
extracts of G. verum herba at various concentrations
(20% and 60%) against PMs: Proteus vulgaris,

Staphylococcus aureus, Escherichia coli, Pseudomonas
aeruginosa, and Bacillus subtilis. The extracts were
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active against both Gram-positive and Gram-negative

microorganisms. However, Gram-negative Proteus
vulgaris and Pseudomonas aeruginosa showed
the least sensitivity to all extracts. The extracts

exhibited only bacteriostatic activity against these
microorganisms [338]. This is discussed in the studies
by A.D. Semenescu et al. and A. Ohindovschi et al.
Gram-negative bacterial strains, due to their more
complex cell wall structure, are resistant to extracts
from G. verum herba [352, 353].

The effect of an alcoholic extract of G. verum herba
on the regenerative processes of the skin of laboratory
mice was studied. The alcoholic extract of the herb
activated the skin regeneration process compared to
the control group, stimulating phagocytosis, promoting
fibroblast
(neoangiogenesis), and growth of new granulation
tissue [354, 355].

proliferation, new vessel formation

Annual sunflower (Helianthus annuus L.)

Annual sunflower (Helianthus annuus L.), or
sunflower, is an annual herbaceous plant of the
genus Helianthus L. of the Asteraceae Bercht. family.
The seeds of the plant contain up to 52% fatty oil,
phospholipids, and unsaturated fatty acids. Therefore,
H. annuus is widely used as an oilseed crop in the
food industry as a rich source of fatty oil [356]. In folk
medicine, the roots of annual sunflower (Helianthi
annui radices) are used, from which extracts are
applied as anti-inflammatory, choleretic, and diuretic
agents. A decoction of H. annuus radices is taken for
the treatment of diabetes mellitus, cholelithiasis, and
urolithiasis [357].

The use of H. annuus radices as a source of BASs for
the production of botanicals with diuretic and litholytic
activities is promising [358]. The pharmacological
activities of H. annuus roots are attributed to the
presence of water-soluble polysaccharides,
the polyfructosan [356], which
5.99 + 0.13 % [359]. Phenolic compounds were also

identified in the roots of H. annuus growing in the

namely

inulin reaches

Foothill regions of the Stavropol Territory, including

hydroxycinnamic  acid  derivatives:  chlorogenic,
neochlorogenic, caffeic, and ferulic acids; flavonoids:
rutin, hyperoside, luteolin-7-glucoside, apigenin,
dihydroquercetin, naringenin; coumarin; polyphenolic
compounds: tannin, gallic and ellagic acids, epicatechin,

and epigallocatechin gallate [360].
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V.V. Melik-Husseinov et al. analyzed the solubility
of stones in vitro, showing that a calculus immersed for
14 days in a 10 % aqueous suspension of dry alcoholic
extract of H. annuus radices decreased by 12.6 %.
Samples immersed in a 10 % decoction of H. annuus
radices decreased by 11.8 %. The control stone sample
immersed in purified water decreased by 7.4 %. The
in vitro study confirmed the in vivo litholytic activity
study in male Wistar rats with an ethylene glycol
nephrolithiasis model. The decoction also increased
kidney excretory function by 2.3 times, confirming
the diuretic
BASs [361].

activity of Helianthi annui radices

Rosehip (Rosa L.)

Rosehip (Rosa L.) is a perennial shrub of the genus
Rosa L. of the Rosaceae Juss. family. Plants of the
genus Rosa L. have long been used in official medicine.
Rosehip fruits (Rosae fructus) are used as raw material,
containing organic acids, vitamins, carotenoids,
flavonoids, fatty oil, etc. [362]. Rosa L. fruits are raw
material for obtaining “Holosas”, which has a choleretic
effect. Authors of publications propose using dog rose
roots (Rosae caninae radices) as a promising source of
BASs and phytopreparations with diuretic activity [363,
364]. Rosa canina L. is a plant widely distributed in
the North Caucasus region [365, 366]. Currently,
epicatechin, 4-hydroxybenzoic,  gallic, syringic,
p-coumaric, and ellagic acids, as well as the flavonoid
naringenin, have been identified in the roots of R.
canina L. by high-performance liquid chromatography.
Spectrophotometric methods determined that the total
content of phenolic compounds in dried rosehip roots
reaches 12.73 % [367].

In an experiment, the diuretic activity of dry
extracts from dog rose roots was studied in Wistar rats.
A 2.0 mL solution of dry 70 % alcoholic extract was
administered intragastrically at doses of 50.0 mg/kg
and 100.0 mg/kg. According to the study results,
diuretic activity was observed within the first two
hours. The maximum effect at both studied doses
occurred at the end of the 1st hour of observation
and was 56 % (at a dose of 50.0 mg/kg) and 76 % (at
a dose of 100.0 mg/kg) of the total diuresis. The final
cumulative diuresis in the experimental groups over
5 hours was almost 2.5 times higher than the control

group’s result [363, 364, 368].
Tom 14, Beinyck 1, 2026

Garden Angelica (Angelica archangelica L.)

Garden Angelica (Angelica archangelica L.),
or angelica, is a perennial herbaceous plant of the
genus Angelica L. of the Apiaceae Lindl. family. In
Chinese medicine, it is called “female ginseng” due to
the presence of phytoestrogens [369]. Benedictine
monks used angelica as a universal antidote —
“Theriac”. In Rus’, A. archangelica was cultivated in
apothecary gardens at monasteries and peasant farms.
A. archangelica is used as a diaphoretic, diuretic,
antiseptic, and antidepressant agent. Additionally, it
helps normalize digestion. It is used to treat anorexia,
migraines, bronchitis, chronic fatigue, and menstrual
cycle disorders [370].

Rhizomes and roots of garden angelica (Angelicae
archangelicae rhizomata et radices) are included in the
pharmacopoeias of Great Britain, Germany, Austria,
and also in the European Pharmacopoeia [371]. The
pharmacological action of A. archangelica botanicals
is attributed to the components of essential oil and
coumarins [372].

The essential oil obtained from A. archangelica
rhizomata et radices is a yellow liquid with a fresh
herbaceous and slightly pungent odor with earthy and
woody undertones [373]. The essential oil content
in the underground part of A. archangelica varies
significantly depending on the plant’s growing region.
For example, in the Republic of Bashkortostan —
0.82 % [374], in the vicinity of Mount Ozren, Serbia —
0.10 % [375]. Indian scientists tracked the dynamics
of essential oil increase with increasing altitude: in
the high-altitude plant physiology research center in
Pothivas (2200 m) — 0.28 %; Tungnath, Rudraprayag
(3300 m) — 0.33 %; Dayara, Uttarkashi (3500 m) —
0.35 % [376].

The geographical factor influences not only
the content but also the component composition
of the essential oil of A. archangelica rhizomata et
radices. A study by A. Forycka et al. showed that the
essential oil of Romanian, Finnish, and Serbian A.
archangelica contains 62 to 122 components [377].
In domestic raw material from the Kemerovo region,
[378],

Serbia — 88 compounds. However, the composition

75 components were detected and from

of dominant components remains unchanged.

Monoterpenes constitute the largest part of the

essential oil composition [379, 380]. In the essential
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oil of A. archangelica growing in the Republic of
Bashkortostan, sesquiterpenoids predominate, being
2.6 times more numerous than monoterpenoids [374].

Depending on the leading component, several
types of essential oil can be distinguished, with
B-phellandrene, sabinene,

with

a-pinene, and myrcene

dominating, B-phellandrene  content —
24.78-28.18 %, 14.52-18.14 %,

a-phellandrene — 9.61-14.35 %. Essential oil from

o-pinene —

northern European regions is characterized by a
high level of a-pinene — 65.3 %, a-phellandrene —
5.9-15.4 %, 15.3 %,

southern samples, its level is the lowest: 0-0.2 %;

and &-3-carene — while in
in the east and northeast, the leading component
is a-pinene — 15.7 to 20.8 %; in the northeast, high
concentrations of pB-phellandrene — 13.5-16.9 %,
6-3-carene — 15.4-16.9 %, limonene — 8.0-9.0 %,
5.0-7.5%
concentration of the latter in the east was higher:
5.9-14.85 %;
follows: B-phellandrene — 13.8-18.5 %, a-pinene —
11.4-15.0 %, 6-3-carene — 10.8-11.9 %, a-cymene —
6.8-10.6 %, and a-phellandrene — 5.9-8.6 % [377,
381, 382]. The dominant components of Siberian

sabinene — were noted, while the

in the southeast, the data are as

subspecies A. archangelica are limonene (30.47 %) and
a-pinene (23.6 %) [383].

The essential oil composition changes during
storage depending on the raw material preparation
(whole or ground). In a study conducted over
2.5 months, it was found that by the end of the
storage period, the content of monoterpenes in
whole raw material was 66.7-72.5 %, with a-pinene
(15.7-19.4 %), as

and B-phellandrene being the leading components.

well as 3-carene, D-limonene,
Studying ground raw material showed a 70 % decrease

in  monoterpenes, and a-pinene, 3-carene, and
limonene decreased by 3.5-4 times [384].

From A. archangelica rhizomata et radices, the
following were isolated and identified: prenylated

coumarins — osthol, umbelliprenin, imperatorin,
isoimperatorin, fellopterin [385]; hydroxycoumarins —
furanocoumarins ~ —

umbelliferone; angelicin,

bergapten, xanthotoxin, oroselone, methoxsalen,
xanthotoxol, archanglicin, pimpinellin, isopimpinellin [386—
388]. The total coumarin content in the rhizomes and
roots of A. archangelica collected in Bashkiria was
1.09 %, with dominant components being angelicin,

methoxsalen, bergapten, osthol, and oroselone [389, 390].
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Essential oil containing monoterpenes B- and
a-phellandrene (268 mg/g and 208 mg/g, respectively),
a-pinene (111 mg/g), sabinene (87 mg/g), p-cymene
(84 mg/g), (74 mg/g) exhibits

antifungal activity (inhibition zone 22-28 mm) against

3-carene strong
Aspergillus niger and Penicillium venetum; moderate
activity (inhibition zone 15-21 mm) against Candida
albicans and Cladosporium cladosporioides; moderate
antibacterial activity (inhibition zone 15-21 mm)
against Staphylococcus aureus; no antibacterial effect
(inhibition zone less than 7 mm) was established
against Pseudomonas aeruginosa [373, 376]. Essential
oil containing a-pinene (29.7 %), 6-3-carene (14.2 %),
phellandrene, and limonene (13.2 % each) has the
following minimum inhibitory concentration values:
14.2 plL/mL for Staphylococcus aureus and 28.4 ulL/mL
coli. The minimum bactericidal
concentration is 56.8 ulL/mL and 113.6 pL/mL,
respectively [375, 390].

The possibility of using coumarins as antibacterial

for Escherichia

agents is actively being investigated. Hexane,

and the
coumarin osthol, were tested for antimicrobial activity

dichloromethane, and methanol extracts,

against Gram-positive (Staphylococcus aureus and

Micrococcus luteus), Gram-negative (Pseudomonas
aeruginosa) PMs; and antifungal activity against the
Candida albicans strain. The results showed that
osthol coumarin possessed the highest antibacterial
and antifungal activity against all tested strains.
Along with osthol, the hexane extract also exhibited
these activities — against Pseudomonas aeruginosa,
Micrococcus luteus, and Candida albicans strains with
minimum inhibitory concentrations of 2.5 pg/mL
and 0.625 pg/mL, respectively. The methanol extract
showed only antifungal activity [391, 392]. A solution
of dry methanolic extract of A. archangelica roots
and rhizomes, containing bergapten, xanthotoxin,
imperatorin, and angelicin, inhibited the growth zone
of Escherichia coli strain by 210 mm compared to the
reference drug cefixime (220 mm); and 200 mm for
Staphylococcus aureus strain compared to vancomycin
(260 mm). All tested strains were also resistant to the
aqueous extract solution of A. archangelica rhizomata
et radices [393].

The exhibits

antispasmodic activity on intestinal smooth muscle

extract of A. archangelica

acetylcholine (muscle tone

1.44 %). Upon administration

spasms induced by
increased by 63.4 *
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of A. archangelica extract, a decrease in tone was
observed by 53.3 + 1.29 % [394]. Methanolic extract
of A. archangelica at doses of 100 mg/kg, 200 mg/kg,
and 400 mg/kg also helps reduce pain and improve
motor activity in rats with fibromyalgia induced by
reserpine at a dose of 0.5 mg/kg [395].

Bergapten, one of the furanocoumarins
in A. archangelica, exhibits antifibrotic effects in
of renal fibrosis

a model induced by unilateral

ureteral obstruction. Bergapten demonstrated a
reduction in fibronectin and o-SMA expression in
the damaged kidneys of mice with unilateral ureteral
obstruction, thereby reducing fibrotic changes in the
tissues. Bergapten also showed a nephroprotective
effect associated with ferroptosis inhibition [396].
A. archangelica essential oil reduces the production
of the pro-inflammatory cytokine IL-6 in cultures of
human umbilical vein endothelial cells [397].

It is known that furanocoumarins exhibit various
toxic effects, including changes in liver metabolism —
the “grapefruit effect”. They inhibit enzymes of the
cytochrome P450 family and its isoforms (CYP3A4,
CYP2C9),

medicinal and toxic substances in the body [398,

leading to increased bioavailability of
399]. The amount of bergapten required for inhibition
(IC,,) of CYP2C9 and CYP3A4 ranges from 9.92 uM to
50.00 uM and from 24.92 uM to 77.50 uM, respectively.
with
combined with short-wave (280-315 nm) and long-
(315-400 nm)
phytophotodermatitis. In the past, substances were

Human contact furanocoumarins

wave ultraviolet radiation causes
added to sunscreens based on the hypothesis that
psoralen causes melanogenesis, thereby reducing the
harmful effects of ultraviolet radiation (UV). Studies
conducted in the 1980s showed that such products
caused erythema on human skin and were responsible
for tumors in hairless albino mice [400].

Cosmetic products contain plant-derived
components (essential oils and extracts) containing
Cold-

pressed bergamot essential oil contains 22079 ppm

furanocoumarins as fragrance ingredients.
furanocoumarin, grapefruit 8879 ppm, lemon 6103
ppm, and bitter orange 2585 ppm [401]. In the
European Union, limits for furanocoumarin content
in cosmetic products have been established. The
addition of furanocoumarins to products is prohibited
unless they are part of essential oils and extracts. The

total amount of furanocoumarins should not exceed

Tom 14, Beinyck 1, 2026

1 mg/kg per kg of product used for body sun
protection and skin tanning products. In Switzerland,
the level should be less than 1 mg/kg in all products
exposed to sunlight [402].

The toxic effect of furanocoumarins is due to
their ability to intercalate DNA and interact with
pyrimidine bases, leading to disruption of transcription
and replication processes. They integrate into DNA,
forming non-covalent bonds with pyrimidine bases
(even before light exposure). Upon UV light exposure,
photons activate furanocoumarins, leading to the
formation of covalent bonds and photoadducts [403].
Linear (psoralen derivatives) and non-linear (angelicin
derivatives) furanocoumarins differ in the severity of
their photosensitizing effect. Non-linear ones exhibit
less pronounced photocytotoxic and photogenotoxic
DNA, can
form only mono-adducts with pyrimidine bases of

activity. Angelicin, interacting with cell
one DNA strand under UV light. Psoralen, due to its
linear structure, under the influence of double bonds
at positions 3,4 of the coumarin ring and 4’5" of the
furan cycle, cross-links double bonds at positions 5,6
of the pyrimidine bases of two DNA strands, forming
di-adducts. Cells damaged by angelicin are capable
of restoring their DNA structure, making it less toxic
compared to psoralen [401, 404].

Studies on  the

furanocoumarins are currently

individual
and data
obtained from studies of 8-methoxypsoralen and

toxicity  of
lacking,

5-methoxypsoralen are used for their assessment.

However, as a rule, furanocoumarins in plant

objects occur as complex mixtures, and due to
this, an overestimation of toxic effects may occur
if 8-methoxypsoralen is used as a general toxic
equivalent. The toxicity of the sum of furanocoumarins
can be significantly higher or lower than the toxicity of
each coumarin separately [405].

in the

8-methoxypsoralen,

The highest phototoxicity is observed

following order (decreasing):
5-methoxypsoralen, trimethylpsoralen, 4,5',8-trimethylpsoralen,
bergapten, and angelicin. Not all furanocoumarins exert
effects with the same degree of toxicity under identical
conditions combined with UV irradiation. In studies of
local phototoxicity of methanolic solutions of these
furanocoumarins in vivo on Hanford miniature pigs
irradiated with UV light, toxic effects were observed at
doses of 100 and 1000 ppm and no effect at doses of

1 ppm and 10 ppm (0.02 pg/cm?) with irradiation of
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10 J/cm? In experiments on Hartley albino guinea
pigs, it was found that with UV irradiation of 13 J/cm?,
toxicity was observed at a dose of 10 ppm and no effect
at a dose of 5 ppm.

There is also data from studies on volunteers: after
irradiation with sunlight and an arc xenon lamp for 30
minutes, a minimal effect was detected at a dosage
of 100 ppm and no effect at 50 ppm. When using
water baths (3750 ppm), gels, and creams (25 ppm
to 100 ppm) with irradiation doses (0.25-7.0 J/cm?)
and an exposure of 15 minutes, the intensity of
erythema formed was greater with the gel. The
minimum sensitivity threshold was 25 ppm for the
gel and 100 ppm for creams and baths. A dosage of
5 ppm is considered the threshold, while 50 ppm is
the concentration for 100 % erythema formation on
human skin. It is evident that the concentration of
furanocoumarins is only half of the overall picture,
while UV light exposure plays an equally, if not more,
significant role.

In animal photocarcinogenicity studies, an inverse
correlation was found between furanocoumarin dose
and UV dose affecting the formation of tumors > 1
mm: at a dose of 5 ppm, 500 J/cm? of UV irradiation
was required; for 15 ppm, 400 J/cm?; for 50 ppm,
230 J/cm?; for 100 ppm, 140 J/cm?; and for 250 ppm,
100 J/cm? [401].

Therefore, when developing instructions for use
for MPs containing furanocoumarins, it is necessary to
calculate and indicate the predicted exposure to UV
light that the consumer may experience, which can lead
to photodermatitis. Consumer awareness will allow
them to minimize excessive sun exposure and avoid
toxic effects during the course of therapy.

Cranberry (Vaccinium L.)

Cranberry (Vaccinium macrocarpon Ait.) and

common cranberry (Vaccinium oxycoccus L.) are
of BASs for the

development and production of MPs aimed at treating

considered promising sources
and preventing chronic inflammatory diseases of the
kidneys and urinary tract [406].

Large cranberry (V. macrocarpon Ait.) and common
cranberry (V. oxycoccus L.) are perennial evergreen
dwarf shrubs of the genus Vaccinium L. of the Ericaceae
Juss. family [407, 408].

Cranberry species have been used by humans
for a long time: in culinary arts, medicine, and the
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chemical industry. lroquois and Chippewa Indians
used V. macrocarpon fruits as a laxative and for “blood
purification”. Cranberry fruits were also used to treat
fever and stomach spasms. In Russia, fruits were used
to treat scurvy and dissolve stones. They were used as
agents with antipyretic, expectorant, diuretic, and anti-
inflammatory effects [409]. In Karelian folk medicine,
juices, morses, decoctions, and tinctures were made
from cranberry fruits to treat skin, cold, genitourinary
diseases, and scurvy [410].

In scientific medicine, large cranberry fruits
(Vaccinii macrocarponis fructus) and common cranberry
fruits (Vaccinii oxycocci fructus) are sources of phenolic
compounds (proanthocyanidins, phenylpropanoids,
flavonoids), which determine their pharmacological
activity [411]. Analysis of phenolic compounds in
V. oxycoccus fruits revealed the following order
of decreasing quantitative content: flavan-3-ols
(41.5-52.2 %); flavonols (18.6—30.5 %); anthocyanins
(8.0-24.4 %); phenolic acids (5.0-12.1 %) [412]. In
the
following BAS content was found: flavonols were
2079.44 + 102.99 ug/g,
6993.79 * 350.22 ug/g [413].

R. Sedbaré et al. determined the content of

V. oxycoccus fructus growing in Latvia,

and anthocyanins —

phenolic and triterpene compounds in V. oxycoccus
MPRMs growing in two wetland sites (oligotrophic,
eutrophic, and mesotrophic types) located 250 km
apart. Comparing the BAS content of V. oxycoccus
fructus, the concentration of anthocyanins varied
12-fold (8352 pg/kg vs. 698 ug/kg); flavonols —
more than 5-fold (2811 pg/kg vs. 518 pg/kg);
proanthocyanidins — 3.3-fold (3038 pg/kg vs. 919 pg/kg);
chlorogenic acid — 72-fold (1224 ug/kg vs. 17 ug/kg);
1.6-fold (6542 pg/kg
vs. 4060 pg/kg). The harvest time also plays a role —

triterpene compounds —
fruits collected in October in the oligotrophic zone
contain 2.7 times lower flavonols than in cranberry
samples from the same site collected in late August.
For anthocyanins and proanthocyanidins, the opposite
trend was observed: fruits collected in October
contained twice the amount of BASs as fruits collected
in August. The chlorogenic acid content remained
stable and was independent of temporal factors,
maintaining a high level regardless of fruit ripeness.
In the same study, scientists proposed the following
BASs as markers for confirming the authenticity of
fruits: acid, anthocyanins

cranberry chlorogenic
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(cyanidin-3-galactoside, cyanidin-3-arabinoside,

peonidin-3-galactoside, peonidin-3-arabinoside,

cyanidin-3-glucoside, and peonidin-3-glucoside),
flavonols (myricetin-3-galactoside and quercetin-3-
galactoside) [414].

Currently, in V. oxycoccus fructus, the following
flavonoids have been identified: hyperoside, myricetin-
quercetin-3-galactoside,

3-O-galactoside, quercetin-

3-a-L-arabinofuranoside, quercetin  3-rhamnoside;
anthocyanins: cyanidin-3-O-galactazide, peonidin-3-O-
galactoside, cyanidin-3-0-

arabinoside, peonidin-3-O-galactoside, and peonidin-

peonidin-3-O-arabinoside,
3-O-arabinoside;  triterpene  compounds:  ursolic
and oleanolic acids [413, 415];
chlorogenic,

phenylpropanoids:

p-coumaric, rosmarinic, and

p-hydroxybenzoic acids, and the content of substances

was determined: quercetin (0.39 mg/100 g);
myricetin (0.23 mg/100 g); chlorogenic acid (0.42 mg/100 g),
p-hydroxybenzoic acid (0.41 mg/100 g);

rosmarinic acid (0.12 mg/100 g); p-coumaric acid
(0.27 mg/100 g) [416]. It was established that
chlorogenic acid is the dominant hydroxycinnamic
acid in the fruits of and
V. oxycoccus [417, 418].

In the study by VNu.

proposed to use peonidin-3-arabinoside as a marker

V.  macrocarpon

Ermakova et al., it is

compound for the identification of V. macrocarpon and
V. oxycoccus fructus. The content of anthocyanidins in
V. oxycoccus fructus from the Moscow and Tver Regions
was also determined: 0.17% and 0.21% (1.31%
and 1.58 % of absolutely dry raw material mass),
respectively. In fruits of V. macrocarpon of foreign
origin, the content was 0.27 % (1.64 % of absolutely
dry raw material mass) [419].

directions for

Promising studying the

pharmacological activity of V. macrocarpon and
V. oxycoccus fructus BASs are anti-adhesive and
antibacterial activities [420].

The pharmacological effect of V. macrocarpon
and V. oxycoccus fructus BASs lies in the ability of
polyphenolic compounds [421, 422], such as A-type
proanthocyanidins, to inhibit microbial adhesion to the
urothelium [423]. A-type proanthocyanidins inhibit type
| and P fimbriae, which are used for the attachment of
pathogenic Escherichia coli to the urothelium, biofilm
formation, and subsequent colonization [424, 425]. It is
also known that A-type proanthocyanidins can weaken
the reservoir of pathogenic Escherichia coli in the
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gastrointestinal tract and suppress the inflammatory
cascade. A similar result was obtained for Candida
albicans strains [426, 427].

However, the issue of low bioavailability of A-type
proanthocyanidins has been discussed recently [428,
429]. There is an opinion that their pharmacological
activity is due to the formation of a large number of
metabolites [430, 431], including sulfated metabolites
of pyrogallol, valerolactone, benzoic, and phenolic
acids; glucuronidated metabolites of flavonols and
cinnamic acids. In particular, the metabolic composition
included 2,3-dihydroxybenzoic, isoferulic, a-hippuric,
as well as

benzoic, 4-hydroxyphenylacetic acids,

catechol-O-sulfate, 4-methylcatechol-O-sulfate, and
4-O-sulfates of ferulic and vanillic acids [432]. The
experiment showed that over time (from 4 to 8 hours),
the content of A-type proanthocyanidin metabolites
increased in urine samples, and the content of
Escherichia coli decreased [433].

thick ethanol

V. macrocarpon in dimethyl sulfoxide solution exhibited

A solution of a extract of
antibacterial activity. The sensitivity of E. coli to
BASs at a
100 mg/mL varied in the order: Staphylococcus aureus

V. macrocarpon extract dosage of
(90 %), Enterococcus sp. (85 %), Proteus vulgaris (75 %),
and Escherichia coli (60 %). It was also found that the
antibacterial effect of V. macrocarpon extract is dose-
dependent. For example, Escherichia coli showed an
increase in the inhibition zone from 12 mm (at an
extract concentration of 12.5 mg/mL) to 25 mm (at
an extract concentration of 100 mg/mL). Similarly, for
Proteus vulgaris, the inhibition zone increased from
13 mm to 26 mm [434].

The use of products based on V. macrocarpon
and V. oxycoccus fructus reduced the risk of CIDKUT
recurrences in women, children, and patients with
indwelling catheters by 32%, 45%, and 51 %,
respectively [435-437].

In a randomized, double-blind, placebo-controlled
study of cranberry extract chewing gum containing
cyanidin-3-galactoside, cyanidin-3-glucoside, peonidin-
peonidin-

3-arabinoside, peonidin-3-galactoside,

3-glucoside,  myricetin,  myricetin-3-O-galactoside,

myricetin-3-O-rhamnoside, quercetin, quercetin-3-

O-galactoside, quercetin-3-O-rhamnoside, benzoic,

chlorogenic, 3,4-dihydroxybenzoic, and p-coumaric
acids, and placebo gum, anti-adhesive activity of BAS

metabolites against P-type fimbriae of Escherichia

61



REVIEW
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(®PAPMALMA N PAPMAKO/IOTNA)

coli was established. Anti-adhesive properties were
attributed to metabolites of catechol, valerolactone,
benzoic, vanillic,

a-hippuric, phenylsulfonic, and

3,4-dihydroxyphenylsulfonic acids
in urine [438].
Additionally, the efficacy of BASs obtained from

different raw material processing methods is being

present

investigated. A.B. Howell et al. compared the efficacy
of juice and powder from whole cranberry fruits and
found that juice from cranberry fruits had the highest
activity due to containing the soluble form of A-type
proanthocyanidins [439].

Products derived from V. macrocarpon and
[440-442] and

juice [443, 444]) are recommended for the treatment

V. oxycoccus fructus (capsules
and prevention of CIDKUT recurrences. To reduce the
number of CIDKUT episodes, it is recommended to
take dry cranberry extract at a dosage of at least 36 mg
daily, which reduces the risk of recurrence by 18 %.
Analysis of the results showed a significant reduction
in CIDKUT risk only when the extract was taken for
a course of at least 12—24 weeks [445]. In a clinical
study of the efficacy of V. macrocarpon fructus juice
(proanthocyanidin content — 0.56 %) in preventing
CIDKUT recurrences in women with two or more
CIDKUT episodes per year, it was found that cranberry
juice consumption did not have a statistically significant
effect [446].

In conclusion, despite the ambiguous results
of studies, cranberry can be used as an additional
component in phytocompositions. For its use as a
more

standalone agent, in-depth and prolonged

pharmacological research is needed.

CONCLUSION

This review analyzes the current state of research
in the application of MPRMs as sources of BASs and
botanicals used in the therapy of chronic infectious
and inflammatory diseases of the kidneys and
urinary tract. Among the plant BASs used for this
purpose, phenolic compounds, including simple
phenols, anthraquinones, and flavonoids, possessing
anti-inflammatory, antibacterial, antioxidant, and
antilithogenic properties, are of particular importance.
with diuretic,

Phenylpropanoids anti-inflammatory,

antilithogenic, and immunomodulatory actions;

coumarins with antispasmodic and antibacterial
activity; proanthocyanidins with anti-adhesive action;
and terpenoids and essential oils with antibacterial,
antifungal, diuretic, and anti-inflammatory properties
are also significant.

The herb of true bedstraw, roots of annual
sunflower, roots of dog rose, rhizomes and roots of
garden angelica, and fruits of large cranberry and
common cranberry are promising for further research
and development of new drugs. These plants have
extensive empirical use in folk medicine, as well as
reliable results from phytochemical and preclinical
studies. The need to expand the nomenclature
of domestic plant-derived drugs based on official
sources necessitates

and promising raw material

improving approaches to drugs’ standardization
and substantiating the development of new drugs
from the perspective of phytopharmacology and the
interrelationships between the chemical composition
natural

of phytocompositions, the structure of

compounds, and their activity.
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This article presents the interim results of the first stage (administration of the drug to patients aged >18 years with
mucopolysaccharidosis type Il) of a multicenter open multi-cohort phase II-1ll study (IDB-MPS-II-11), the aim of which was
to assess the safety, pharmacokinetics (PK), pharmacodynamics (PD) and efficacy of veranafusp alfa in patients with MPS .

Material and methods. The interim analysis included data from 3 patients aged 18 years and older who had previously
received idursulfase (2/3) and idursulfase beta (1/3). An individual dose increase (1-2—3 mg/kg) was performed after
2 weeks, followed by administration at a dose of 3 mg/kg for up to 52 weeks (a total of 52 weekly infusions). Standard PK
parameters were evaluated. The PD criterion was the level of glycosaminoglycans (GAGs) in urine, blood and cerebrospinal
fluid (CSF). Efficacy parameters included assessment of the dynamics of GAGs concentration in urine, blood and CSF, range
of motion in joints, liver and spleen volume, change in the 6-minute walk test (6MWT, 6-minute test), left ventricular
myocardial mass, forced vital capacity of the lungs (FVC). Safety parameters included assessment of the frequency of
adverse events (AEs) and adverse reactions (ARs), including allergic and infusion reactions, as well as assessment of the
frequency of formation of anti-drug antibodies (ADAs) and their neutralizing activity.

Results. The studied drug demonstrated non-linear PK in the blood and a dose-dependent increase in concentration in
the CSF. Patients showed a decrease or stability in the level of GAG in the urine, a decrease in the level of heparan sulfate
(HS) in the CSF in 2 (66.6%) of 3 patients, as well as a decrease in the level of dermatan sulfate (DS) in the CSF in the range
of 17.19-80.96%. There was an average decrease in liver volume by 42.500 + 218.496 cm?, spleen volume by 24.350 + 9.405 cm?
and left ventricular myocardial mass by 15.333 + 43.016 g relative to the baseline level. The average increase in walking
distance according to the results of the 6MWT, after 1 year of therapy, was 76.067 + 83.561 m. The average values of FVC
and FEV1 did not change statistically significantly. 9 AEs were registered in 3 patients (100.0%) of mild severity, mainly from
the liver and biliary tract, and 3 ARs, which were infusion reactions and were registered mainly in the first 4 months of
therapy. During the analyzed period, the frequency of formation of ADAs at screening was in 2 patients, and at week 52 —
in 3 patients, which indicates the development of de novo ADAs during treatment with veranafusp alfa in 1 patient.

For citation: E.A. Lukina, R.V. Ponomarev, S.V. Trishina, E.S. Gabitova, N.D. Vashakmadze, G.A. Karkashadze, L.S. Namazova-Baranova. Interim
results of the first stage of a multicenter open multi-cohort study of the safety, pharmacokinetics, pharmacodynamics and efficacy of
veranafusp alfa in adult patients with mucopolysaccharidosis type Il. Pharmacy & Pharmacology. 2026;14(1):81-96. DOI: 10.19163/2307-9266-
2026-14-1-81-96
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Conclusion. Weekly intravenous administration of the drug under study to adult patients at a dose of 3 mg/kg for 1 year
provided control of the level of GAG in the urine and stabilization and/or improvement of somatic symptoms according
to spirometry, echocardiography, 6MWT, range of motion in large joints, liver and spleen size, comparable to the results
of the effectiveness of treatment with idursulfase in patients previously receiving enzyme replacement therapy. There
was a tendency to decrease the level of HS in the cerebrospinal fluid, which may indicate the ability of veranafusp alfa to
penetrate the BBB and deliver idursulfase to brain tissue, preventing the accumulation of pathological substrate in the CNS
to prevent neurodegenerative changes.

Keywords: mucopolysaccharidosis type Il; Hunter syndrome; glycosaminoglycans; veranafusp alfa; Clotilia; HIR-Fab-IDS;
efficacy; safety

Abbreviations: MPS Il — type |l mucopolysaccharidosis; FK — pharmacokinetics; PD — pharmacodynamics;
GAG — glycosaminoglycans; CSF — cerebrospinal fluid; 6MT — 6-minute test; FVC — functional vital capacity of the
lungs; AE — adverse events; AR — adverse reactions; SAR — serious adverse reactions; ADA — anti-drug antibodies;
HS — heparan sulfate; DS — dermatan sulfate; VFE1 — volume of forced exhalation in the 1st second; BBB — blood-
brain barrier; CNS — central nervous system; ERT — enzyme replacement therapy; IEC — independent ethics committee;
IDMC — independent data monitoring committee; MRl — magnetic resonance imaging; Echo-CG — echocardiography;
SBP — systolic blood pressure; DBP — diastolic blood pressure; HR — heart rate; RR — respiratory rate; CT — clinical trials.
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B OaHHOWM cTaTbe MpeAcTaB/ieHbl MPOMEXKYTOUYHble pe3y/bTaTbl MepBOro sTanma (BBeAeHMEe npenapaTta MauueHTam B
BO3pacTe 218 sieT ¢ MyKonosmcaxapnao3om |l TMna) MHOroLLEHTPOBOIO OTKPLITOFO MYNLTUKOTOPTHOIO UcCcaeA0BaHUA dasbl
II-111 (IDB-MPS-II-IIl), uenbto KoToporo ABAANACL OLEHKa 6esonacHocTn, apmakokuHeTnku (OK), dapmakognHamukm (O4)
1 appeKkTMBHOCTM BepeHadycna anbda y naumeHtos ¢ MIC II.

Martepuan n metoabl. B npoMeKyTouHbI aHasM3 BOWAW AaHHble 3 NaLuMeHTOB B Bo3pacTe OT 18 neT, paHee Mosy4vaBLIMX
naypcynbdasy (2/3) n naypcynbdasy 6era (1/3). MHamBuayanbHoe nosbiweHue A03bl (1-2—3 Mr/Kr) BbINOAHAAN Yepes
2 Heflenu C Noc/ieayoWwmm BBeAeHemM B fo3e 3 Mr/Kr A/IMTeIbHOCTbIO A0 52 Hepenb (Bcero 52 exkeHepenbHble UHOY3UK).
OueHunBanucb ctaHgapTHble napameTpbl OK. Kputepuem O 6bin ypoBeHb rMKO3aMUHOMIMKAHOB (FAT) B moye, KpoBu
WU CNUHHOMO3roBOW Xuakoctn (CMMK). MapameTtpbl 3GPEKTUBHOCTM BKAIOYANM OLEHKY AMHAMMUKM KOHUEHTpaumu AT
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B Moue, KpoBu U CMMK, obbema ABUKEHWI B cycTaBax, 0Obbema MeyeHU U CeneseHkn, U3MeHeHue TecTa 6-MUHYTHOWM
x04bbbl (6MT), Maccbl MMOKapAa NEBOTO Kenyaodka, GYHKLMOHANbHOW KU3HEHHOW eMKOCTU ierknx (PHKE/). MapameTpbl
6e30MacHOCTM BK/IOYAZIM OLEHKY YACTOTbl HeKenaTesibHbIX ABneHui (HA) 1M HexenaTenbHbix peakuuit (HP), BKatouvas
annepruyeckne n MHOY3MOHHbIE PEAKLIMK, A TaK¥Ke OLLEHKY YacTOTbl 06pa3soBaHWA aHTUIEKAPCTBEHHBIX aHTUTEN (AJIA) 1 nx
HENTPANU3YHOLLEN aKTUBHOCTM.

Pe3synbratbl. Mccneayemblii npenapat NpoAeMOHCTPUMpoBan HennHelHyto ®K B KpoBM M [0303aBUCMMOE yBEAUYEHUE
KOHUeHTpauun B CMMK. Y naumeHToB OTMEYanocb CHUMKEHWE MK CTabunbHOCTb YPOBHA TAl B MOYe, CHUMKEHWE YPOBHA
renapaHcynbdata (FC) B CMX y 2 (66,6%) 13 3 NauMeHTOB, a TaKXKe CHUXKEHWe ypoBHA AepmaTtaHcynbdaTta (4C) 8 CMMK B
AvanasoHe 17,19-80,96%. OTmeyeHo cpeaHee CHUXKeHVe obbema neveHun Ha 42,5001218,496 cm®, ob6bema ceneseHku Ha
24,350%9,405 cm® 1 maccbl MMOKapAa NeBOro Xenyaoyka Ha 15,333+43,016 r oTHOCUTE/IbHO MCXOAHOTO YPOBHSA. CpeaHuit
NnoKasaTte/lb YBeMYeHUs AUCTaHUMKU XoAbbbl no pesynbtatam 6MT nocne 1 roga Tepanuu coctasun 76,067+83,561 m.
CpegHue nokasatenu ®HKE/NT n OPBLl cTaTUCTUYECKM 3HAYMMO He W3MeHAUcb. Bbian 3apeructpupoBaHbl 9 HA
y 3 nauueHToB (100,0%) Nerkoi cteneHun TAXKECTU MPEUMMYLLECTBEHHO CO CTOPOHbI MEYEHWU U JKeNYeBbIBOAALLMX MyTein
n 3 HP, KoTopble ABAAAUCL MHPY3UOHHBIMM PEaKLMAMU U PErncTpMpoBainCh NPEUMYLLECTBEHHO B nepsble 4 mecAua
Tepanuu. B aHanusmpyembli nepuon obpasoBaHMe AHTUNEKAPCTBEHHbIX aHTUTen (AJIA) Ha CKpPUHWHrE OTMEeYanocb
Yy 2 nauMeHToB, a Ha Hegene 52 — y 3 MauUMEHTOB, YTO CBUAETENLCTBYET O pas3sBuTMM de novo AJIA npu neveHum
BepeHadycnom anbda y 1 naymeHTa.

3akntoueHue. ExxeHegenbHoe BHYTPUBEHHOE BBEAEHWE UCCeLyeMOoro npenapaTa B3poc/ibiM NaLMeHTam B f03e 3 Mr/Kr B
TeyeHue 1 roga ob6ecneunno KoHTPosib ypoBHaA MAl B Mouye v CTabUan3aumio U/Mam yaydeHne CoMaTMyecKMX CUMNTOMOB
Nno nokasaTeNiM CMUPOMETPUM, IXoKapamnorpadum, 6MT, arMana3oHa ABUMKEHUI B KPYMHbIX CycTaBax, PasmepoB nevyeHu
N ceneseHku, cpaBHUMble C pe3ynbTaTamm 3GGEKTUBHOCTM NeveHna uaypcynbdasoln y NauMeHToB, paHee Mo/yYaBLUMX
dbepmeHTHYI0 3amecTuTeNbHYo Tepanuio. Habntoganach TEeHAEHUMA K CHUMKEHUIO YPOBHA MC B CMIMHHOMO3TOBOM WUAKOCTH,
YTO MOMKET CBUAETEeNbCTBOBATL O CNOCOBHOCTU BepeHadycna anbda NpoHMKaTb Yepes M6 n goctaBnatb naypcynbdasy B
TKaHM MO3ra, MPEenATCTBYA HAKOMAEHMIO NaTosiorMyeckoro cybcrpata B LLHC gna npeaynpexaeHva HerMpoaereHepaTuBHbIX
N3MEHEHWUN.

Kniouesble cnoBa: mykononvcaxapmngos Il Tuna; cuHapom XaHTepa; MMKo3aMUHOIIMKaHbI; BepeHadycn anbda; KNoTunus;
HIR-Fab-IDS; a¢dekTnBHOCTL; HezonacHOCTb

Cnucok cokpateHuin: MMC II| — mykononucaxapmaos Il tuna; K — dapmakokuHeTnka; I — papmakogmHammka; Al —
TIMKO3aMUHOMMKaHbl; CMM¥ — cnMHHOMO3roBas XUAKOCTb; 6MT — TecT 6-MUHYTHOM X0Abb6bl; OIKE/T — dyHKLMOHaNbHAA
KM3HEHHaA eMKOCTb nerkux; HA — HexenatenbHble ABneHuA; HP — HexenatenbHble peakuuu; CHP — cepbesHble
HexenatenbHble peakuumn; AJIA — aHTWNeKapcTBeHHble aHTuTena; C — renapaHcynbdat; OC — pepmaTtaHcynbdarT;
O®B1 — obbem ¢opcMpoBaHHOTO BbiAOXa 3a MepBY cekyHAay; P96 — rematosHuedanuyeckuin bapbep; LHC —
LeHTpanbHanA HepBHaa cuctema; P3T — depmeHTHaA 3amecTuTeNnbHana Tepanua; HIK — He3aBUCUMBbIN STUYECKUIA KOMUTET;
HKM/J — He3aBUCMMbI KOMUTET MO MOHWUTOPWUHTY AaHHbIX; MPT — MarHUMTHO-pe3oHaHCHaa Tomorpadus; Ixo-KI —
axoKapauorpaduma; CAL — cuctonuyeckoe aptepuanbHoe aasneHune; JAL — AMacTonnyeckoe apTepuanbHOe AaB/EHWUE;
YCC — yacToTa cepAeyHbIx cokpalweHuit; Y44 — yactoTta AbixaTeNbHbiX ABUXKEHUN; KU — KAMHUYECKue uccneoBaHums.

INTRODUCTION
Mucopolysaccharidosis type 1l (MPS II),

Patients with MPS Il require lifelong enzyme

also replacement therapy (ERT) with

recombinant

known as Hunter syndrome, is a lysosomal storage
disease X-linked
pattern. In MPS Il, mutations in the IDS gene reduce
the activity of the
2-sulfatase (12S,

the accumulation

with an recessive inheritance

lysosomal iduronate-

iduronate 2-sulfatase),

enzyme
leading to
(GAGS),
and dermatan

of glycosaminoglycans
primarily heparan (HS)
sulfate (DS) fractions, in the lysosomes of cells in

sulfate

various tissues. This causes damage to parenchymal
(hepatosplenomegaly), the musculoskeletal
and the respiratory and
systems. Progressive damage to the central nervous

system (CNS) leads to intellectual decline, behavioral

organs

system, cardiovascular

abnormalities, and motor and speech
impairments [1]. MPS Il is the most common form
among all types The
incidence of the disease in the population is estimated
at 1:140,000-156,000 newborns [2]. The International

Register of Patients with Hunter Syndrome (Hunter

seizures,

of mucopolysaccharidoses.

Outcome Survey, HOS) includes over 1000 patients [3].
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idursulfase (IDS) preparations, which mimic the effect
of the endogenous enzyme [4, 5]. In the Russian
Federation, the registered drugs Elaprase® and
Hunterase® are used [6].

Available ERT IDS drugs do not penetrate the
blood-brain barrier (BBB), which limits their ability to
influence the course of the neurodegenerative process.
Therefore, there is a clinical need for drugs capable
to cross the BBB for the treatment of the neuropathic
form of MPS Il [7-9]. JSC “GENERIUM” is developing the
drug veranafusp alfa (Clotilia®, internal code GNR-055),
whose active substance is IDS covalently linked to the
C-terminal part of the Fab-fragment (Fragment Antigen
Binding) of a monoclonal antibody to the human insulin
receptor (HIR, Human Insulin Receptor) (Fig. 1). The
molecule is created using “Trojan horse” technology,
where the Fab fragment acts as a “carrier,” binding
with high specificity to its target, the insulin receptor
(the half-maximal concentration for interaction with
the insulin receptor was EC_=109.7 + 13.4 pM) [10], on
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BBB cells. This initiates the natural process of receptor-
mediated transcytosis, which “transports” the entire
therapeutic molecule HIR-Fab-IDS across the BBB,
allowing the enzyme to reach the brain.

Veranafusp alfa is predicted to have a high degree
of distribution and to exert the effect of IDS in the CNS
and peripheral organs. Specific binding to mannose-6-
phosphate residues on the oligosaccharide chains of
membrane mannose-6-phosphate receptors and to
the insulin receptor itself, which are present in somatic
tissues, is associated with expected improved enzyme
internalization and subsequent catabolism of GAGs
accumulated in the organs of the main body systems,
compared to registered drugs with a similar mechanism
of action [8, 9].

The insulin receptor is expressed in virtually all
human tissues. For peripheral tissues, it acts as an
additional
dependent

pathway to the mannose-6-phosphate-

internalization  pathway, increasing
the bioavailability of the recombinant enzyme to
insulin-sensitive tissues. In the brain, the construct
provides the only possible pathway for transcytosis
across the capillary endothelium cells of the CNS
that form the BBB. The binding site on the receptor
is located away from the insulin binding site, thus the
antibody does not interfere with insulin transport
and binding. Therefore, the hybrid protein fragment
of the antibody (Fab portion) with the enzyme
should specifically interact with the human insulin
receptor while retaining the activity of the unmodified
I12S enzyme.

Preclinical studies have shown that IDS, as part
of the modified veranafusp alfa molecule, retains the
main functional properties of the free recombinant
enzyme; its specific enzymatic activity (2.16x10° U/mol)
was determined to be within the range established for
Elaprase® (2.73x10° U/mol) and, apparently, slightly
exceeded it on an equimolar basis [10], suggesting that
the drug can be expected to have at least comparable
efficacy in ERT.

Results from Phase | clinical trials (IDB-MPS-I and
IDB-MPS-102) showed good tolerability and a favorable
safety profile of veranafusp alfa following single
intravenous (V) administration at doses ranging from
0.3—-12 mg/kg in healthy volunteers [11].

THE AIM of the Phase II-lll study (IDB-MPS-II-III)
is to investigate the safety, pharmacokinetics (PK),
pharmacodynamics (PD), and efficacy of veranafusp
alfa in patients of different age groups with MPS II.
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MATERIALS AND METHODS

Drug
The
(manufactured at a concentration of 5 mg/mL for

active substance of veranafusp alfa
infusion) is a modified recombinant IDS enzyme within
the hybrid protein HIR-FAB-IDS, produced on a Chinese
Hamster Ovary (CHO) cell line, which provides IDS with
a glycosylation profile similar to the natural profile of
the endogenous enzyme (see Fig. 1). The obtained
protein is purified using affinity and ion-exchange
chromatography, with specific viral and recombinant
DNA inactivation and removal processes.

Study Design

A  multicenter open multi-cohort study of
the safety, PK, PD, and efficacy of veranafusp alfa
(JSC “GENERIUM”, Russia) in patients with MPS I
was conducted at 9 clinical centers in the Russian
Federation and 2 centers in the Republic of Kazakhstan
(RK). Adult

1 at 2 centers: National Medical Research Center of

patients were enrolled into cohort
Hematology, and Vernadsky Crimean Federal University.

The Phase II-lll study (IDB-MPS-II-II) was initiated
after approval by the Ethics Council of the Ministry
of Health of Russia (Extract from Minutes No. 273
dated April 20, 2021), the Central Commission for
Bioethics of the Ministry of Health of the Republic of
Kazakhstan, and obtaining permits from the Ministry
of Health of Russia (No. 499 dated September 3,
2021) and the Ministry of Health of the Republic
of Kazakhstan. Ethical review was conducted by
the Independent Ethics Committees (IECs) of the
research centers. An Independent Data Monitoring
Committee (IDMC) and a Safety Monitoring Committee
were established to assess safety in the study. The
study design and protocol complied with the ethical
principles of the Declaration of Helsinki of the World
Medical Association (1964), as amended (2024), the
decision of the Eurasian Economic Commission Council
dated November 3, 2016, No. 79 “On Approval of the
Good Clinical Practice Rules of the Eurasian Economic
Union,” the standards of Good Clinical Practice of the
International Council for Harmonisation ICH GCP (E6),
and the current regulatory requirements of the Russian
Federation and the Republic of Kazakhstan.

The study was conducted in three stages with
sequential enrollment of patients into age cohorts,
considering the assigned dosage. The first stage
(cohort 1) included 3 patients aged >18 years (Fig. 2).
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After analyzing the data from the first stage and
obtaining approval from the IDMC, the second stage
(cohorts 2—-7) involved the enrollment of 15 patients (at
the time of the interim report) aged <18 years (results
are being prepared for publication). The presented
interim analysis included safety, PK, PD, and efficacy
assessment results from the first stage in adult patients
with individual dose escalation of 1-2-3 mg/kg,
including the screening period (4 weeks) and the
treatment period (52 weeks).

Patients

Inclusion Criteria. In the first stage, according to the
inclusion criteria, male patients aged >18 years who
agreed to suspend standard ERT (at a weekly dose of
0.5 mg/kg according to the instructions) 7 days before
the first administration of veranafusp alfa were enrolled
in the study. Participation in the study was voluntary
and included signing an information sheet with an
informed consent form.
Criteria.

Non-inclusion According to the

exclusion criteria, individuals with hypersensitivity
to IDS / another component of the drug, with
neutralizing antibodies to the standard ERT drug, or
with conditions that potentiate the risk of therapeutic
intervention were not allowed to participate in
the study. Restrictions to participation included
contraindications for lumbar puncture and magnetic
resonance imaging (MRI), a history of hematopoietic
stem cell/bone marrow transplantation, blood/blood
component transfusion, or vaccination within 30 days
prior to screening. Individuals with positive human
immunodeficiency virus test results,

hepatitis B and/or C, and a history of poorly controlled

active viral

seizure disorder were not included in the study.

Exclusion Criteria. In accordance with the exclusion
criteria, a patient could discontinue participation
in the study if they refused further participation, if
there was a condition preventing the execution of
protocol procedures or endangering their safety, low
adherence to therapy or non-compliance with protocol
requirements, development of an adverse reaction (AR)
or neutralizing anti-drug antibodies (ADAs) affecting the
safety and efficacy of therapy and preventing further
participation in the study, loss of contact with the
patient, or by the investigator’s decision.

Treatment
Dosage and Administration Regimen. Weekly
intravenous infusions of the drug were administered

Tom 14, Beinyck 1, 2026

at doses of 1-3 mg/kg. Individual dose escalation
(1-2-3 mg/kg) was performed every 2 weeks to the
next dose level of 2 mg/kg and 3 mg/kg, followed
by administration at a dose of 3 mg/kg for up to
52 weeks (a total of 52 weekly infusions). The starting
dose of veranafusp alfa in the IDB-MPS-II-lI study was
selected based on the analysis of dosing regimens in
the Phase | study IDB-MPS-I using NOAEL (No Observed
Adverse Effect Level) and MABEL (Minimal Anticipated
Biological Effect Level) approaches; the dose that
produces the minimal expected biological -effect,
considering information on the efficacy and safety in
patients of drugs in this class with similar mechanisms
of action [10, 11]. The tenfold maximum administered
dose (3 mg/kg) constitutes the NOAEL, while the dose
ranges for multiple administration calculated based on
preclinical safety data were a maximum of 30 mg/kg
for adults (therapeutic index 100)*? [11].

The duration and rate of administration were
chosen considering the results of a study of valanafusp
alfa, which
substance type (IDS with an IgG domain to the insulin
receptor) [7]. Veranafusp alfa was administered weekly
IV over 3 hours (£10 minutes). The infusion rate was

is similar in formulation and active

selected based on recommendations for the infusion
duration of Elaprase® [6, 12] and the general properties
of veranafusp alfa. The course of therapy included 52
infusions.

Study Endpoints
An interim analysis upon
completion of 52 weeks of therapy. The duration of

was conducted
observation and the timing of biological material
collection (urine, blood, and CSF) for PK / PD parameter
assessment were chosen based on the results of
previous studies of veranafusp alfa, published data on
Elaprase® [6, 12], and available development data for
similar drugs capable of crossing the BBB: valanafusp
alfa, a complex molecule of antibody to the insulin
receptor and IDS (AGT-181), and pabinaufusp alfa,
a complex molecule of antibody to the transferrin
receptor and IDS (JR-141, IZCARGO®) [7-9].

! European Medicines Agency. Guideline on strategies to identify
and mitigate risks for first-in human and early clinical trials with
investigational medicinal products”, 2018. Available from: https://
www.ema.europa.eu/en/documents/  scientific-guideline/guideline-
strategies-identify-and-mitigate-risks-first-human-and-early-clinical-
trials-investigational-medicinal-products-revision-1_en.pdf

2 FDA Guidance for Industry. Estimating the Maximum Safe
Starting Dose in Initial Clinical Trials for Therapeutics in Adult
Healthy Volunteers, 2005. Available from: https:// www.fda.gov/
media/72309/download
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PK parameters included C__ and C_  (maximum
and minimum concentrations), AUC_, and AUC___ (area
under the concentration-time curve from time zero to
12 (half-life),
and CL (total clearance). Blood samples were collected
before infusion, at 3 hours/end of infusion, and at
30 min, 60 min, 90 min, 2 h, 4 h, 6 h, and 24 h after
its completion. CSF samples for drug concentration

the last measurement time or infinity), T

measurement in cerebrospinal fluid were collected
before the first drug administration (Day 1) and 2
hours after the end of infusion (Weeks 10 and 52).
Concentrations of the investigational drug in serum
and CSF were determined by a validated enzyme-linked
immunosorbent assay (ELISA) method in accordance
with GLP requirements.

PD parameters included analysis of GAG excretion
dynamics in urine, as well as their concentration
in serum and CSF after multiple administrations of
veranafusp alfa compared to baseline. Measurements
were performed using ELISA kits “Human HS (Heparan
Sulfate) ELISA Kit,” cat. No. E-EL-H2364, and “Human
DS (Dermatan Sulfate) ELISA Kit,” cat. No. E-EL-H1725
(Elabscience®, USA). Samples
screening before the last infusion of IDS as part of

were collected at
standard ERT and during the treatment period on
Day 1 (W1), w4, W8, W10, W14, W26, W30, W34,
W40, W45, and W52. A general urine analysis was
performed at screening and during treatment on
Day 1 (W1), W10, W17, W34, W42, and W52. Urinary
GAG levels were calculated considering creatinine
levels. Determination of GAG (HS and DS) levels in
blood was performed at screening before the last
infusion of IDS as part of standard ERT and during
treatment on Day 1 (W1), W4, W8, W10, W14, W26,
W30, W34, W40, W45, and W52. Determination of
GAG (HS and DS) levels in CSF was performed during
treatment before the first administration of GNR-055
on Day 1 (W1) and 2 hours after the end of infusion at
weeks W10 and W52.

Efficacy parameters included the dynamics of
changes in the range of motion in large joints, liver and
spleen volume by MRI, results of the 6MWT, changes in
left ventricular myocardial mass by echocardiography
(Echo-CG), forced expiratory volume in the first second
(FEV1), and forced vital capacity (FVC) by spirometry.
The dynamics of GAG (HS and DS) excretion in urine
and their levels in serum (Week 4, Week 8, Week
10, Week 26, and Week 52) and in CSF (Week 10 and
Week 52 (W52)) were assessed compared to baseline.
The dynamics of changes in the range of motion in large

86

joints, liver and spleen volume by MRI, 6MWT results,
left ventricular myocardial mass by Echo-CG, and
changes in FVC by spirometry were assessed at 10, 26,
and 52 weeks of the study compared to baseline.

A complete physical examination was performed at
screening and during treatment on Day 1 (W1), Day 2
(W1), W2, w4, W7, W10, W16, W21, W26, W30, W35,
W39, W43, W47, and W52.

Assessment  of included

vital  signs body

temperature measurement (axillary temperature),
systolic blood pressure (SBP), diastolic blood pressure
(DBP), heart rate (HR), and respiratory rate (RR), and
was performed at screening and during treatment
before/after each veranafusp alfa infusion, as well as
in case of an infusion reaction at the investigator’s
discretion and at each new dose level (2 mg/kg and
3 mg/kg) during infusion and 1, 4, 6, and 24 hours after
its completion — W4 and W7.

Electrocardiography (ECG) was performed in 12
standard leads at screening and during treatment:
W10, W16, W26, W40, and W52. Echo-CG, spirometry,
goniometry, 6MWT, and abdominal MRI to monitor
liver and spleen sizes were performed at screening and
during treatment: W10, W26, and W52.

Complete blood count and biochemical blood
tests were performed on Day 1 (W1), W10, W17, W34,
W42, and W52.

Safety and immunogenicity parameters included
assessment of the frequency and severity of adverse
(AEs), including adverse
(SAEs), related to the use of the investigational drug.
Qualitative and quantitative analysis of adverse

events serious events

reactions (ARs), serious adverse reactions (SARs), the
incidence of allergic and infusion reactions, and the
frequency of anti-drug antibody (ADA) formation and
their neutralizing activity were assessed. Infusion AEs
were recorded and analyzed separately. Determination
of ADAs and their
veranafusp alfa was performed on Day 1 (W1), W4,
W10, W26, W40, and W52 using a validated enzyme-
linked immunosorbent assay.

neutralizing activity against

Statistical Analysis

The populations for PK and PD parameter
assessment consisted of patients for whom sufficient
data were obtained to assess at least one parameter.
The Safety Analysis Set (SAF) included patients who
received at least one dose of the drug. The primary
group for describing baseline characteristics and

analyzing efficacy parameters was the Full Analysis Set
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(FAS) population. Patients who completed the study
without significant protocol deviations were included in
the Per-Protocol (PP) Analysis Set.

Given the orphan nature of the disease, it was
planned to enroll up to 4 patients in cohort 1 of
the first stage of the study. The size of cohort 1 was
determined considering the studied dose levels of the
investigational drug, the possibility of IDMC review for
a decision on proceeding to the second stage of the
study, and the availability of patients with MPS Il for
participation in the study, the total number of whom
in the Russian Federation is 140 [13]. Hypothesis
testing was not planned. Therefore, the analysis was
descriptive. For quantitative indicators, the following
were calculated: number of observations (N), minimum
and maximum values (Min, Max), arithmetic mean (M),
standard deviation (SD), 95% confidence interval for
the mean, median (Me), and interquartile range (IQR).
For pharmacokinetic parameters, the geometric
mean (gMean) and coefficient of variation (CV%)
were additionally calculated. For qualitative indicators,
absolute values and proportions (%) were determined.
To assess the dynamics of quantitative indicators
between visits, the t-test (Student’s t-test) for
dependent samples or the Wilcoxon test was used. The
dynamics of qualitative indicators between visits were
analyzed using McNemar’s test or Cochran’s test.

Stata 14 and PkSolver or R version 4.4.2 programs
were used for data analysis.

RESULTS

Patients Characteristics

As part of the interim analysis, data from 3
adult male patients of Caucasian ethnicity with a
confirmed diagnosis of MPS Il (Hunter syndrome), non-
neuropathic form, confirmed by molecular genetic
analysis and 12S enzyme activity levels, were assessed.

The mean age of the patients was
32.67 + 13.32 years (range 18.0 to 44 years), mean
body weight was 62.93 + 11.29 kg, and mean height
was 158.33 + 8.96 cm. No deviations from reference
values were found in thyroid function parameters.
All patients received standard ERT weekly prior to
study enrollment in the form of intravenous infusion
of IDS — 1 patient, and IDS beta—2 patients.

Analysis of Veranafusp Alfa

Pharmacokinetic Parameters

Representative curves of mean veranafusp alfa
administration of

concentrations in serum after

Tom 14, Beinyck 1, 2026

escalating doses of 1 mg/kg, 2 mg/kg, and 3 mg/kg at
different weeks of the study are shown in Figure 3.
After multiple IV administrations over 52 weeks,

the mean C__ was reached at the end of drug

administration at the 3-hour mark + 10 minutes / end
of infusion + 5 minutes, followed by a decrease
to the 24-hour mark *
of administration (Table 1, Fig. 3). After multiple
administrations of the drug at a dose of 3 mg/kg, the
mean veranafusp alfa concentrations at Weeks 26 and
52 increased, reaching 15085.63 + 4432.99 ng/mL
(W52).

During Stage 1, the concentration of veranafusp

20 minutes after the end

alfa in CSF increased with increasing dose, and in one
of the three patients, after administration at a dose of
3 mg/kg at Week 10, it reached 272.57 pg/mL.

Analysis of Veranafusp Alfa
Pharmacodynamic Parameters

in Urinary GAG Levels.
GAG levels indicates stabilization/reduction of this

Changes Analysis of
parameter during veranafusp alfa treatment (without
achieving statistically significant differences in mean
values). The primary analysis of urinary GAG was based
on HS concentration per creatinine in urine (Table 2).

After 1 year of therapy with the investigational
drug, the mean urinary HS level showed a tendency to
decrease, while the mean DS level remained stable. At
Week 52, a decrease in urinary HS level was observed
in 2 (66.6 %) out of 3 patients, amounting to 47.59 % in
one patient and 61.77 % in the second patient relative
to baseline; a decrease in DS level was noted in 2
(66.6%) out of 3 patients, amounting to 15.11 % in one
patient and 30.11 % in the second patient relative to
baseline.

Changes in Serum GAG Levels. The primary
analysis of serum GAG was based on HS and DS
concentrations. Changes in HS and DS levels did
not reach the threshold of statistical significance.
A decrease in serum HS level at Week 52 relative
to baseline was observed in 1 (33.3%) out of 3
patients, amounting to 37.04 % relative to baseline;
a decrease in DS level was noted in 2 (66.6 %)
out of 3 patients, amounting to 50.5% in one
patient and 69.6 % in the second patient relative to
baseline.

Changes in Cerebrospinal Fluid Glycosaminoglycan
Levels. The primary analysis of CSF GAG was based on
DS and HS concentrations (Figs. 4 and 5).
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Figure 1 — Structure of the hybrid protein HIR-Fab-IDS (verenafusp alfa).
Screening
Y
Inclusion into study cohorts
Stage 1(N =3)
Cohort 1 (1-2-3 mg/kg) Approval from the IDMC after stage 1

Stage 2 (N=15)
e Cohort 2 (2 mg/kg) — 7 years — 17 years 11 months
e Cohort 3 (2 mg/kg) — 3.5 years old — 6 years 11 months
e Cohort 4 (3 mg/kg) — 7 years — 17 years 11 months
e Cohort 5 (2 mg/kg) — <3, 5 years
e Cohort 6 (3 mg/kg) — 3.5 years old — 6 years 11 months
e Cohort 7 (3 mg/kg) — <3, 5 years

Continuation of therapy in stage 3

Figure 2 — Study design.
Note: IDMC, An Independent Data Monitoring Committee.
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Figure 3 — Veranafusp alfa concentration in serum of adult patients with MPS Il 0-24 hours after infusion

at escalating doses of 1, 2, or 3 mg/kg.
Note: Week 1 — 1 mg/kg; Week 4 — 2 mg/kg; Weeks 7, 10, 26, and 52 — 3 mg/kg.
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Figure 4 — Dynamics of changes in dermatan sulfate Figure 5 — Dynamics of changes in heparan sulfate
level in cerebrospinal fluid (median) of adult patients level in cerebrospinal fluid (median) of adult patients
with MPS Il receiving 3 mg/kg veranafusp alfa. with MPS Il receiving 3 mg/kg veranafusp alfa.

Tom 14, Beinyck 1, 2026 89



RESEARCH ARTICLE

Scientific and Practical Journal

ISSN 2307-9266 e-ISSN 2413-2241 PH A%'ME%’?_%E%
(PAPMALINA N DAPMAKO/IOTUA)
Table 1 — Pharmacokinetic Parameters in Serum of Adult Patients
with Mucopolysaccharidosis Type Il Receiving 3 mg/kg Veranafusp Alfa
Pharmacokinetic Parameters (Me [Q1; Q3])

Wiems AUC, ,, hxng/mL C,., ng/mL AUC, _, hxng/mL T, h CL, mL/h
W 10 19333.97[15196.57; 11762.17[10529.78; 24 163.24[18251.11; 2.22[2.20; 124.16 [112.97;

22 558.86] 15 568.50] 26 818.71] 2.56] 183.64]
W 26 24 189.42 19 563.13 24 940.8 1.31 120.29

[22 632.87; 36 005.87] [17 489.35; 19 925.37] [23343.37;36575.70] [1.29; 2.44] [91.26; 129.12]
W 52 39 131.58 15990.94 39293.12 3.25 76.35

[24 921.26; 41 636.72] [13130.40; 17493.51] [25006.57; 42202.66] [1.92; 3.97] [71.43; 178.10]
Note: Cmax — maximum concentration; Cmm — minimum concentration; AUCO_I— area under the concentration-time curve from time zero to the

last measurement time; AUC,__ — area under the concentration-time curve from time zero to infinity; T, half-life; CL — total clearance.

Table 2 — Dynamics of Changes in Glycosaminoglycan Levels Relative to Baseline
in Adult Patients with Mucopolysaccharidosis Type Il Receiving 3 mg/kg Veranafusp Alfa

Urinary GAG Level, mg/mmol creatinine Serum GAG Level, ng/mL

CSF GAG Level, ng/mL

GAG \Visit
MeantSD A* MeantSD A* Me Q1; Q3
Screening 0.00815 + 0.00782 695.554 + 100.089 2090.41 1588.5; 2570.8
HS -0.00300 £ 0.00466 2.669 + 256.752
Week 52 0.00515 + 0.00395 698.223 £ 180.357 1579.53 1574.88; 3012.88
Screening 0.00677 + 0.00659 4.866 £ 1.800 3.5 3.1;4.95
DS 0.00101 + 0.00306 -0.360 + 4.504
Week 52 0.00778 + 0.00957 4.506 £ 5.004 1.8 1.15;4.39

Note: * A — change from baseline; GAG — glycosaminoglycans; HS — heparan sulfate; DS — dermatan sulfate; CSF — cerebrospinal fluid.

Table 3 — Change in Range of Motion in Large Joints at Week 52 Compared to Baseline Values
in Adult Patients with Mucopolysaccharidosis Type Il Receiving 3 mg/kg Veranafusp Alfa

Joint Function

Left Joint (Mean * SD)

Right Joint (Mean % SD)

Shoulder Joints

Flexion 0.000 + 0.000° 1.000 * 3.606°

Extension 10.000 + 17.321° 11.667 + 12.583°

Abduction 6.667 + 11.547° (-)1.667 + 7.63°

Hip Joints

Flexion 1.667 £ 2.887° (-)1.667 + 7.638°

Extension 1.667 +2.887° 0.000 + 5.000°

Abduction (-)1.667 + 2.887° (-)1.000 * 3.606°
Elbow Joints

Flexion 3.333+5.774° 3.333+5.774°

Extension (-)8.333 +7.638° (-)5.000 + 5.000°
Knee Joints

Flexion 3.333+5.774° 3.333+5.774°

Extension 0.000 + 0.000° 0.000 + 0.000°

Analysis of GAG levels showed a tendency towards
a decrease in HS and DS levels in CSF after dose
escalation to 3 mg/kg at week 6, after 1 year of therapy
with the investigational drug. At Week 52, a decrease in
DS level was noted in 2 (66.6 %) out of 3 patients in the
range of 17.19-80.9 6% (Fig. 4).
in CSF HS
2 (66.6 %) out of 3 patients, amounting to 23.30 % in
one patient and 48.95% in the second patient relative

A decrease level was observed in

to baseline (Week 1), starting from week 10 after
reaching the 3 mg/kg dose. The HS concentration in
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these patients by the end of the treatment period
(Week 52) was comparable to data from subjects
without MPS I, in whom the median HS concentration
was 1290.9 ng/mL (Fig. 5).

The dynamics of range of motion in large
joints were characterized by stabilization and/or
improvement of motor function. Maintenance of a
stable state or a tendency towards increased range of
motion in large joints after 52 weeks of therapy with
the investigational drug was observed in goniometry

measurements for the shoulder, hip, elbow, and knee
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joints. A non-significant tendency for a decrease
in range of motion after 52 weeks of therapy was
recorded for abduction of the right shoulder, flexion of
the right hip, and abduction of the left and right hips,
and extension of the left elbow (Table 3).

The dynamics of somatic manifestations of MPS
Il were characterized by a tendency towards an
increase in walking distance based on 6MWT results of
76.067 + 83.561 m (p = 0.25) in the studied cohort of
patients at week 52.

After 52 weeks of therapy with the investigational
drug, tendencies towards a decrease in liver
volume by 42.500 + 218.496 cm?3, spleen volume by
24.350 + 9.405 cm3, and left ventricular myocardial
mass by 15.333 + 43.016 g (~9%; p = 1.0) relative to
baseline were noted. Mean FVC and FEV1 values did
not change significantly and were 2.63 L and 1.5 L at

week 52, respectively.

Analysis of Veranafusp Alfa Safety Parameters
General Characteristics of Safety Parameters.
A total of 9 AE episodes were recorded in 100% of
patients. AEs were recorded in the system organ classes
of infections and infestations (100 %), hepatic and
biliary disorders (66.7 %), cardiac disorders (33.3 %),
and gastrointestinal disorders (33.3 %); all AEs in all
patients were of grade 1 (mild) severity.

No hypoglycemic events were observed during the
52-week treatment period with weekly intravenous
administration of the investigational drug GNR-055.
77.8 % of recorded AEs resolved with recovery, and for
most of them (66.7 %), no drug therapy was required.

Adverse Reactions. AR episodes occurred
in 1 (33.3%) patient. All three recorded ARs were
infusion reactions and were characterized by the
occurrence of 1 (33.3 %) episode of paroxysmal
tachycardia and 2 (66.7 %) episodes of nausea. All
infusion reactions recorded during the analyzed period
(100.0 %) resolved completely without the use of drug
therapy. These infusion reactions were observed within
the first 2 months of therapy with the investigational
drug and did not require changes in its administration

regimen.

Immunogenicity Analysis. ADAs to IDS were
detected in 2 patients at screening before the
administration of the investigational drug, and

in 3 patients at week 52, indicating the de novo
development of ADAs during veranafusp alfa therapy in
1 patient.
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The safety profile of veranafusp alfa was consistent
with that described for hybrid proteins based on
IDS, primarily including manageable AEs of mild to
moderate severity, among which only three ARs were
observed in the form of transient infusion reactions.

DISCUSSION

The assimilation of scientific knowledge in the
field of cellular and molecular mechanisms of MPS I
formation and modern biotechnological advancements
has led to the development of recombinant analogs
of the 12S enzyme. The introduction of IDS into clinical
practice has significantly improved the prognosis
for patients with MPS Il [12]; however, a significant
limitation of current ERT is its inability to cross the BBB
and influence the course of the neurodegenerative
process that develops in most patients. Currently, drugs
for the treatment of the neuropathic form of MPS Il are
being developed that operate on the “Trojan horse”
principle, using endogenous receptors on BBB cells to
deliver the enzyme to the brain (in Japan, 1IZCARGO®,
based on idursulfase and the transferrin receptor, was
registered in 2021) [14]. The investigational veranafusp
alfa (Clotilia®, JSC “GENERIUM”)
product containing the enzyme IDS covalently linked

is a medicinal

to the Fab fragment of an antibody to the insulin
receptor, for the delivery of ERT to CNS tissues. Similar
to the active substance of Elaprase®, membrane
mannose-6-phosphate receptors are used for enzyme
internalization into tissues, with expected improved
distribution of veranafusp alfa due to the favorable
distribution profile of the endogenous insulin receptor
in the tissues of major organs.

Preclinical studies have demonstrated the efficacy
of veranafusp alfa in an animal model of MPS II. The
drug successfully crossed the BBB of primates (0.56—
1.09 ng equivalent ng substance/g tissue in various
brain regions); radiolabeled IDS was not detected in
most brain regions [10].

According to the presented interim results of the
IDB-MPS-II-IlIl study, the pharmacokinetic profile of
veranafusp alfa after multiple administrations in adult
patients with MPS Il corresponds to the distribution
characteristics of hybrid monoclonal antibody-enzyme
proteins [7-9].

The results obtained from the analysis of the
first stage of the IDB-MPS-II-Ill study after 1 year of
veranafusp alfa therapy were comparable to data
obtained from long-term use of IDS regarding GAG
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levels in urine and serum in patients with MPS Il who
had previously received standard enzyme replacement
therapy [15, 16].

When analyzing the PD of IDS biosimilars, several
authoritative sources rely on the reduction of urinary
GAG levels in MPS Il patients after one year of
therapy [17-19]. However, not all patients show a
decrease in urinary GAG levels during the first year of
IDS treatment. It has been shown that fluctuations
in the average change of this indicator from ~40 %
to 60 % are possible during the first year of ERT [20].
Moreover, exceeding the upper limit of normal for
this indicator has been described in 31 (32.9 %) out
of 94 patients after 3 years of IDS treatment [16, 21],
with urinary GAG levels decreasing from 362.0 pug/mg
creatinine at baseline to 81.7 ug/mg. A decrease in ERT
efficacy in terms of urinary GAG may be associated with
the development of antibodies to the drug, while the
impact of ADAs on clinical efficacy and safety indicators
remains unproven [17, 22-24]. The effect of previously
administered ERT in some study participants may also
have influenced the magnitude of GAG dynamics. The
demonstrated stabilization of urinary GAG excretion
during veranafusp alfa use in the IDB-MPS-II-lll study
is consistent with literature data. Differences in results
across cited studies are most likely due to the wide
variability of population characteristics in statistically
small patient samples.

In our study, one patient showed a decrease in
serum HS level at Week 52, amounting to 37.04 % from
baseline; a decrease in DS level in two patients was
50.5 % and 69.6 % relative to baseline.

Analysis of CSF GAG levels showed that after 1 year
of therapy with the investigational drug, a decrease in
HS and DS levels was observed in 2 (66.6 %) patients.
At Week 52, the decrease in CSF HS level was 23.30 %
in one patient and 48.95% in the second patient
relative to baseline (Week 1); a decrease in DS level
was noted in 2 (66.6 %) out of 3 patients in the range
of 17.19-80.96 %.

It is hypothesized that the accumulation of GAGs,
primarily the HS fraction, in the brain parenchyma leads
to the development of neurocognitive impairments
in MPS 1l [25]. It has been established that CSF of
patients with MPS Il contains a higher concentration
of HS [16, 25, 26]. In the study by C.J. Hendriksz et al.,
it was shown that in healthy volunteers, depending
on age, the average GAG level in CSF is below
~200 ng/mL and ranges from 50-70 ng/mL. In contrast,
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in patients with MPS II, the concentration of GAG in CSF
is elevated, averaging > 350.0 ng/mL in the absence of
cognitive impairment, and =850.0 ng/mL in children
with the neuropathic form of the disease and cognitive
disorders [25]. In another study, the concentration of
HS in CSF ranged from 0.8 to 1.7 umol/L in patients
with MPS |l without cognitive impairment and from
2.3 to 4.3 umol/L in patients with MPS Il and cognitive
impairment [26]. Therefore, monitoring HS levels in
CSF provides information about the degree of nervous
system involvement in patients with MPS Il and can
serve as an objective parameter for assessing treatment
efficacy [27].

Analysis of CSF GAG
decrease in HS at Week 52 in most patients from
IDB-MPS-II-IIl  study. While
the dynamics of mean HS values in CSF were not

levels demonstrated a

the first stage of the

statistically significant, likely due to the small sample
size and the presence of the non-neuropathic form
of the disease, the median HS level at Week 52 was
comparable to data from patients of similar age
without MPS 11

Analysis of the results of the IDB-MPS-II-ll study
confirms the ability of veranafusp alfa to cross the
BBB. The observed tendency towards a decrease in CSF
GAGs indicates the drug’s ability to deliver IDS to brain
tissues and suppress the accumulation of pathological
substrate in the CNS. Thus, the decrease in CSF GAGs
observed in our study may reflect the catabolic activity
of veranafusp alfa.

Another registered ERT drug capable of delivering
IDS as part of a hybrid protein to the CNS (IZCARGO®,
JCR Pharmaceuticals) uses the transferrin receptor
as a target on the surface of BBB cells. The minimal
presence of the receptor in muscle tissue cells of
peripheral organs may have been the reason for the
observed limited therapeutic effect of this drug on the
musculoskeletal system and cardiac function in MPS I
patients [8]. The presented interim results of the
veranafusp alfa study, which uses the insulin receptor,
widely distributed in the CNS and peripheral tissues,
as a target, may indicate the high efficacy of the drug,
including when compared to published results of
clinical studies of standard ERT drugs [28-30]. For
example, according to the HOS analysis (n = 94), a year-
long course of IDS therapy provides stabilization of
most somatic manifestations of MPS Il [16, 30]. It has
been shown that the distance covered in the 6MWT
increases by 10.9 % with IDS at a dose of 0.5 mg/kg
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and by 27.9% with IDS at a dose of 1.5 mg/kg over a
year [20]. In our study, weekly IV administration of
veranafusp alfa to adult patients was associated with a
tendency to increase the distance covered in the 6MWT
by ~15% (p = 0.250). The increase in patient mobility
is consistent with the registered expansion (and/or
stabilization) of the range of motion in large joints after
a year of veranafusp alfa therapy.

According to spirometry and Echo-CG parameters,
the veranafusp alfa therapy course provided control
over respiratory and cardiovascular system functions.
Literature data indicate that after one vyear of
treatment with recombinant idursulfase-based drugs,
respiratory and cardiovascular system functional
parameters stabilize or show a tendency towards
improvement [18, 20, 21].

The effect of IDS on liver and spleen size described
in the reduction

parameters in adult patients by an average of one-

literature involves a in these
third or stabilization of organ volume in the absence of
hepatomegaly at the start of therapy [16, 18, 30]. In the
IDB-MPS-II-IIl study, a tendency towards a decrease in
organ size was recorded in the adult population, which,
however, did not reach statistical significance, most
likely due to the small sample size. It should be noted
that there was no organomegaly at the initial stage of
the IDB-MPS-II-1lI study, as previously treated patients
were included.

Thus, with weekly IV administration of veranafusp
alfa for one year in adult patients, control of GAG levels
in urine and blood was maintained, and a tendency
towards a decrease in HS and DS concentration in CSF
was observed, which may indicate veranafusp alfa’s
ability to penetrate the CNS and exert a therapeutic
effect on the symptoms of neurological manifestations
of the disease.

The safety profile of veranafusp alfa in the
IDB-MPS-II-IIl study was consistent with that described
for recombinant idursulfase-based drugs [16, 31, 32].
The AEs/ARs recorded in the study were of mild or
moderate severity, had a predictable spectrum, and
were easily managed. In the IDB-MPS-II-lII study, the
incidence of infusion reactions in adult patients was
33.3 %, comparable to HOS estimates (31.7 %) [32].

Veranafusp alfa treatment for one year was
associated with the de novo appearance of ADAs to
idursulfase in 1 (33.3 %) patient, which is comparable
to data from other researchers. Furthermore, ADAs
were detected in 2 (66.7 %) other patients at screening,
likely against previous ERT drugs. For instance, in the
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pivotal Phase II/Ill clinical trial evaluating IDS over 53
weeks of therapy, ADAs to the drug developed in ~50 %
of patients [21]. Analysis of data from 15 clinical trials
within a systematic review established the incidence
of neutralizing ADAs in the range of 15.9-53.6 % [22].
Researchers believe that ADA production is not age- or
duration-dependent but is likely a marker of genotype.
The presence of antibodies is not considered a factor
determining clinical outcomes [22]. The identified ADAs
did not affect the efficacy of the ongoing therapy.

Thus, during the analyzed period of the study,
veranafusp alfa demonstrated a favorable safety profile.

Study Limitations
The heterogeneity of participant
characteristics and the small sample size due to the

baseline

orphan nature of the disease significantly increase
the probability of underestimating the real clinical
effect during statistical interpretation of the results.
The results of the IDB-MPS-II-lll study are limited to
a 52-week timeframe. Continuation of this clinical
study, as well as conducting additional clinical and
observational studies with a larger number of patients
and extended observation periods, will enhance the
representativeness of the results of veranafusp alfa use
in patients with MPS II.

CONCLUSION
The presented interim analysis results of
veranafusp  alfa  (Clotilia®, JSC  “GENERIUM”,

Russia) in adults with MPS Il during the first stage
of the Phase II-lIl clinical study demonstrated
characteristic PK parameters and the ability to provide
pharmacodynamic control of GAG metabolism,
including in the CNS. The study confirmed veranafusp
alfa’s ability to cross the BBB and reduce GAG
accumulation in the CNS, which is important for
preventing neurodegeneration. During the analyzed
period, veranafusp alfa demonstrated stabilization
and/or improvement of somatic symptoms based on
spirometry, echocardiography, 6MWT, range of motion
in large joints, and liver and spleen sizes, with efficacy
comparable to the results of treatment in patients
previously receiving idursulfase ERT. A favorable safety
profile of veranafusp alfa was established.

Continuation of this study and new studies
including a larger number of patients will provide
additional information on the efficacy and safety of
veranafusp alfa in different age groups of patients with
MPS 1.
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Alzheimer’s disease (AD) is characterized by the progressive accumulation of beta-amyloid and impaired cognitive
function. Existing treatments are not effective enough, it’s necessary to search for new therapeutic strategies targeting key
pathogenetic mechanisms.

The aim. To investigate the therapeutic potential of intracellular and extracellular forms of heat shock protein HSP70 for
correcting cognitive deficits and reducing amyloid load in AD.

Materials and methods. The study was performed on APPswe/PS1dE9/BIg transgenic mice, modeling AD, and lines created
on their basis expressing intracellular (Tg_h) or extracellular (Tg_h_mod) forms of human HSP70. Behavioral tests were
used to assess cognitive functions: Open Field, Novel Object Recognition, Y-maze, Barnes Maze. Amyloid load was assessed
by histological method.

Results. The extracellular form of HSP70 (Tg_h_mod) significantly reduced amyloid load by 37% (p = 0.0033) and
demonstrated marked cognitive improvement — by 40-45% in the Y-maze and Barnes Maze tests, whereas the intracellular
form (Tg_h) reduced amyloidosis by 23.6% (p = 0.0273) but did not show significant memory recovery. The results indicate
that the neuroprotective effect of extracellular HSP70 is likely mediated not only by chaperone activity but also by
additional mechanisms critical for synaptic function.

Conclusion. A comparative study of the effectiveness of intracellular and extracellular forms of HSP70 in correcting both
molecular and behavioral disorders in an AD model was conducted for the first time. It was found that the modified form of
HSP70 has therapeutic potential. HSP70, especially its extracellular form, is a promising target for the development of AD
therapy, providing a comprehensive effect on amyloid pathology and cognitive functions.

Keywords: Alzheimer’s disease; HSP70; amyloid plaques; cognitive functions; neuroprotection

Abbreviations: AD — Alzheimer’s disease; AB — beta-amyloid; APP/PS1 — APPswe/PS1dE9/Blg; Tg_h _mod —
C57BI/6-Tg_h(HSPA1A)-/+mod; Tg_h — C57BI/6-Tg_h(HSPA1A)-/+; HSPA1A — human protein HSP70; WT — wild-type mice;

IP — preference index; ID — discrimination index.
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BonesHb Anburerimepa (BA) XxapaKTepusyeTca MpOrpeccuMpyroliMM HaKomaeHnem 6eTa-amuionga W HapylleHuem
KOFHUTUBHBIX $yHKUMIA. CyllecTBytolMe METOAbl JeYEHUA HEeAOoCTaTouHO 3dGdEKTUBHbI, YTO TpebyeT Mmowmcka HOBbIX
TepaneBTUYECKMX CTPATErNin, HanNpPaB/IeHHbIX HA K/toYeBble MaTOreHeTUYecKne MexaH13mbl.

Llenb. MccnepoBatb TepaneBTUYECKUIA NOTEHLMAN BHYTPUKIETOMHOW M BHEKNETOUYHOM dopm Besika Tennosoro woka HSP70
019 KOPPEKLUN KOTHUTUBHOTO AePULNTA U CHUKEHUA aMUNONAHOW Harpysku npu BA.

Marepuanbl U meTogbl. ViccnefoBaHne BbINOAHAAN Ha TPAHCTEHHbIX Mblwax AMHUKM APPswe/PS1dE9/Blg, mogenvpytowmx
BA, 1 CO34aHHbIX HAa UX OCHOBE /JIMHUAX, IKCMPECCUPYHOLWMX BHYTPUKAETOUHYO (Tg_h) nam BHeknetouHyto (Tg_h_mod)
dopmbl Yenoseyeckoro HSP70. [InA OLEHKU KOTHUTUBHbIX QYHKLMUA NPUMEHANN noBedeHYeckue TecTbl: OTKpbITOe nose,
PacnosHaBaHWe HOBOro 06bekTa, Y-NabupuHT, JITabupUHT BapHca. AMUAOUAHYIO Harpy3Ky OLEHWBa/NU TMCTONOTMYECKUM
MeTOZOM.

Pe3ynbratbl. BHekneTouHas ¢dopma HSP70 (Tg_h_mod) 3HauMmo cHWKana amuaouaHyro Harpysky Ha 37% (p=0.0033)
1N [EMOHCTPMPOBANA BbIPANKEHHOE KOTHUTUBHOE ynydlleHune — Ha 40-45% B Tectax Y-nabupuHT u JlabupuHT bapHca,
TOrda Kak BHyTpuKaeToyHaa dopma (Tg_h) ymeHbluiana ammnnongos Ha 23,6% (p=0,0273), HO He MOKa3blBana 3HAYMMOr0
BOCCTAHOB/IEHUA NamATU. lMonyyeHHble pe3ynbTaTbl YKas3blBAOT Ha TO, YTO HEMPOMPOTEKTOPHbIN IPPEKT BHEKNETOUYHOIO
HSP70, BepoATHO, onocpefoBaH He TO/IbKO LANepoHHOM aKTUBHOCTbIO, HO W [AOMOAHUTENbHBIMU MEXaHU3MaMK,
KPUTUYECKM BAXKHbIMU A1 CUHANTUYECKON QYHKL M.

3akntoyeHue. BrnepBble npoBefeHO cpaBHUTENbHOE MccieaoBaHWe 3PPEKTUBHOCTU BHYTPUKIETOYHOM U BHEKNETOYHOM
dopm HSP70 B KOppeKLMM KaK MOJIEKY/NAPHbIX, TaK U MOBEAEHYECKMX HapyleHuin B mogenu BA. YcrtaHoBneHo, yTo
moaubuumposaHHaa ¢opma HSP70 obnagaer TepaneBTMYECKMM noTeHumanom. HSP70, ocobeHHO ero BHEKNeToyHas
bopma, ABNAETCA MEPCNEKTUBHON MULLEHbIO A1A PaspaboTKM Tepanuu BA, oKasbiBas KOMMAEKCHOE BO34eMCTBME Ha
naToNIorNI0 aMUIOMAA N KOTHUTUBHbIE GYHKLMUMN.

KntoueBble cnoBa: 60ne3Hb Anbureimepa; HSP70; amunonaHble BAALWKN; KOTHUTUBHbIE QYHKLMKU; HEMPONPOTEKLMA
CnucoK cokpaweHuii: BA — bBonesHb Anbureimepa; AR — 6eta-amunounga; APP/PS1 — APPswe/PS1dE9/BIg;
Tg_h_mod — C57BI/6-Tg_h(HSPA1A)-/+mod; Tg_h — C57BI/6-Tg_h(HSPA1A)-/+; HSPA1A — uenoseueckuit 6enok HSP70;
WT — 6ecnopogHble mbilwn; UM — nHaeKe npeanoyuteHns; UL, — MHAEKC ANCKPUMUHALUK.

INTRODUCTION

Alzheimer’s disease (AD) remains the most

common cause of dementia worldwide, posing a
serious medical and social problem. Its pathogenesis
of extracellular

is based on the accumulation

senile plaques in the brain, consisting of beta-
(AB), and

tangles of hyperphosphorylated tau protein. These

amyloid intraneuronal neurofibrillary

processes trigger a cascade of neurodegenerative

changes, including synaptic dysfunction, chronic

neuroinflammation, and neuronal death, ultimately
leading to progressive cognitive deficits [1].
Despite

progress in understanding  the

98

molecular basis of AD (amyloid and tau pathology,
neuroinflammation), most approved drugs are only
symptomatic. There is currently no therapy capable
to slow or stop the progression of the disease,
making the investigation of approaches targeting key
pathogenetic links, such as proteostasis disruption and
the accumulation of toxic protein aggregates, highly
relevant [2, 3].

In this regard, considerable attention is paid to the
search for endogenous neuroprotective factors capable
of modulating key disease links. One such promising
agent is the 70 kDa heat shock protein — HSP70 [4, 5].

Heat shock proteins (HSPs) are involved in a wide
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range of cellular housekeeping processes, including the
folding of newly synthesized polypeptides, refolding of
metastable proteins, assembly of protein complexes,
degradation of misfolded proteins, and dissociation
of protein aggregates. Under normal conditions, HSPs
constitute 5-10 % of the total cellular protein content
and function as an integrated network to maintain
proteostasis [6]. Under extreme conditions, heat shock
transcription factors are activated in response to stress
to mitigate damage, leading to the transcription of a
large number of HSPs. Based on their primary function
as molecular chaperones (they are also involved in
numerous processes in eukaryotic cells), impaired HSP
function is linked to many diseases [7, 8].

HSP90 / HSP70 acts an important role in
maintaining the normal physiological state of
tau protein, as well as blocking its abnormal

phosphorylation and accumulation, and participates
in the pathological process associated with tau protein
and AB [9, 10].

In neurodegenerative
as AD,
disease,

pathologies such

Parkinson’s and Huntington’s
HSP70

mechanism,

disease,
acts as a primary protective

correcting protein folding (including

a-synuclein) and suppressing apoptosis.

excessive  expression can exacerbate
neuroinflammation through TLR4 activation [11,
12]. It is important to note that HSP70 functions

not only as an intracellular chaperone but also as

However,

an extracellular signaling mediator, interacting with
receptors (TLR2/4) and modulating the inflammatory
response, which is particularly significant for long-
lived neurons, ensuring their resistance to stress and
premature death [13].

HSP70 is often released from cells under stress
conditions and/or in transformed cells. According to
studies, endogenous HSPs exhibit neuroprotective
activity in rodent models of Huntington’s disease [14].

THE AIM. To determine the effect of intracellular
HSP70 on
accumulation in the brain and to evaluate its impact on

and  extracellular amyloid  plaque
cognitive functions in mice using a battery of behavioral

tests.

MATERIALS AND METHODS

Study Design
The study design and animal housing
conditions were selected in accordance with

the recommendations of the Eurasian Economic

Tom 14, Beinyck 1, 2026

Commission Board dated November 14, 2023 No. 33.
Sexually mature mice were used in the study. Starting
from week 17, behavioral screening was conducted
to identify
impairments using the following tests: Open Field,

short-term and long-term memory
Novel Object Recognition, Y-maze, and Barnes Maze.
After the tests were completed, histological analysis
of amyloid plague accumulation in the brain was

performed.

Study Conditions and Duration

Experimental and control animals were housed in
the pathogen-free vivarium of the Belgorod National
Research University under artificially regulated
light-dark cycles (12 /12 hours) at a temperature of
+22-26 °C; they had free access to food and water. The

study was conducted from January to September 2025.

Animals

The following lines were used in the study:
APPswe/PS1dE9/BIg is overexpressing human mutant APP
and PSEN1 genes cDNA; C57BI/6-Tg_h(HSPA1A)-/+mod —
expressing a modified human HSP70 protein (HSPA1A)
in milk; C57BI/6-Tg_h(HSPA1A)-/+ is expressing a
modified human HSP70 protein (HSPA1A) in cells.
Crosses between the APPswe/PS1dE9/Blg line and
the C57BI/6-Tg_h(HSPA1A)-/+mod (Tg_h_mod) and
C57BI/6-Tg_h(HSPA1A)-/+ (Tg_h) lines were used in the
experiment (n=11). Outbred mice derived from these
crosses (WT, n = 11) were as controls.

Ethics Approval

Animal experiments were conducted in accordance
with the “Rules of Laboratory Practice in the Russian
Federation” dated April 01, 2016 No. 199n. The study
was approved by the Commission for the Control of
Laboratory Animal Husbandry and Use of Belgorod

National Research  University (Expert Opinion
No. 01-01i/24 dated 09.01.2024).

Open Field Test

The animal was placed in an “Open Field”

apparatus (NPK Otkrytaya Nauka, Russia), and its
movements were recorded. The apparatus is a square
chamber with a base of 50x50 cm, made of opaque
acrylic glass. Animal behavior was assessed based
on one parameter characterizing mouse behavior —
locomotor activity. The EthoVision software (Noldus
Netherlands) allows for

Information Technology,
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automatic acquisition of selected parameters: distance Y-Maze

traveled, activity, and average speed of all movements Working memory was assessed using the

in cm/sec. Each animal was tested for 5 minutes under
40 lux (dim lighting) [15].

Novel Object Recognition Test

A simple behavioral test based on the innate
exploratory behavior of rodents. The test is divided
into three phases: habituation, training / adaptation,
and testing. On the first day of the test, the animal
was placed in an empty 50x50 cm arena to explore it
for 5 minutes under 40 lux. The second day of the test
(adaptation) involves placing the animal in the same
arena with two identical objects. On the third day
(testing) the animal was placed in the arena with one
of the familiar objects from the previous phase and
one new object [16]. The following parameters were
recorded: number of approaches to the new and old
object and time spent near them; preference index (IP),
calculated by formula 1; and discrimination index (ID),
calculated by formula 2.

Pl= (:+ T,) x 100, (1)

_Ta-To, 2
DI = To+ T, ( )

where Pl — preference index; DI — discrimination
index; T — time spent exploring the new object; T —
time spent exploring the old object.

Barnes Maze Test

This test is used to investigate spatial learning and
memory in animals. The apparatus (NPK Otkrytaya
Nauka, Russia) consists of a circular platform 122 cm
in diameter, containing 40 holes 5 cm in diameter,
one of which is an exit (shelter). Distal visual cues are
represented by 4 black and white images with different
figures and patterns, located in different cardinal
arms — North, South, West, East. Video recording is
performed for 5 minutes. Measurements include total
distance traveled by the animal, speed of movement,
and time to find the exit within the allotted period.
1-4):
acquainted with its surroundings for 3 minutes to

Training days (Days The animal gets
locate the “shelter”. Each mouse has 4 trials per day
with a 15-minute interval.

Test day (day 5): The “shelter” area is covered
by a flap. The animal remains on the platform for 5
minutes, during which time spent in the exit, number
of approaches, and time spent in this zone are

recorded [17].
100

Y-Maze Test (NPK Otkrytaya Nauka, Russia) with arm
dimensions of 32.5x8.5x15 cm (LxWxH). The test
was conducted under dim lighting (40 lux). Mice were
allowed to explore two arms of the maze for 5 minutes,
while the third arm was blocked. After a 30-minute
break between trials, a second trial was conducted,
during which animals were allowed to explore all three
arms for 5 minutes. Entry into the arm was recorded
when more than half of the mouse’s body crossed
the boundary between two others. The number of
entries and time spent in each one were recorded.
Analysis was performed in two scenarios: the entire
5-minute test duration, or the first 2 minutes of “active
exploration” [18].

Histology

Animals were subjected to terminal anesthesia;
their brains were dissected, and fixed in Carnoy’s
solution (6 parts 96% ethanol, 3 parts chloroform,
1 part glacial acetic acid) for 12 hours. The tissue was
dehydrated by sequential passage through ethanol
solutions of increasing concentration: 75 % — 1 hour,
96% (I) — 5 minutes, 96 % (Il) — 45 minutes,
100 % (1) — 5 minutes, 100 % (ll) — 45 minutes. Then,
it was incubated for 30 minutes in a mixture of 100%
ethanol—chloroform (1:1), 1 hour in chloroform (1), left
overnight in chloroform (Il), after which the tissues
were infiltrated with paraffin (3 changes of 1 hour each)
at 60°C. Paraffin sections 8 um thick were mounted on
polylysine-coated slides.

Sections were deparaffinized for 20 minutes in
xylene and rehydrated by sequential incubation in
ethanol: 10 minutes in 100 %, 5 minutes in 95 %, 5
minutes in 50 %, then washed three times in deionized
water for 5 minutes each. Sections were stained with
Congo red solution (0.5 % Congo red in 50 % ethanol)
for 5 minutes and differentiated in a 0.2 % potassium
hydroxide solution in 80 % ethanol for 1 minute,
washed three times in deionized water for 5 minutes,
and mounted using Glasseal mounting medium (Labiko
LLC, Russia) [19].

Microscopy of samples was performed using a
Nikon Eclipse Ti microscope equipped with a motorized
stage. Panoramic visualization of mouse brain sections
in TRITC fluorescence mode was performed using a
10x objective with NIS Elements AR software (version
4.6), with frame stitching, 10 % overlap, and automatic
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post-processing. The resulting images were loaded
into QuPath software (version 0.5.1) for detection and
analysis of aggregates. Object detection was based on
the threshold brightness of amyloid fluorescence spots
relative to the background brightness of intact brain
tissue. Morphometric data were expressed as %area
of plaques/mm? of cerebral cortex. After automatic
object detection, manual verification was performed to
exclude false identifications. To confirm reproducibility,
two independent researchers also performed manual
counts [20].

Statistical Analysis

Statistical analysis was performed using GraphPad
Prism Software 8.0 (“GraphPad Software Inc”,
USA). Data are presented as M + SD. Depending on
the type of distribution and equality of variances,
the significance of the results was assessed using
parametric (ANOVA, Tukey’s test) or non-parametric
(Mann-Whitney U test) criteria. An unpaired Student’s
t-test was used to identify differences in intergroup
comparisons. Differences were considered significant at
p <0.05.

RESULTS

Effect of HSP70 on Locomotor Activity

The Open Field test was used to assess general
locomotor activity. As shown in Figure 1, no statistically
significant differences were observed between the
control group and the experimental groups, indicating
no impairment of locomotor function in the animals,
which allows us to compare the results of further tests
without any adjustments [21].

Using Open Field test, we can also analyze the
anxiety states of animals by looking at the time spent in
the center versus the periphery, as these two indicators
are mutually interchangeable. We assessment the time
spent in the periphery and the number of transitions
to this zone. There were no statistically significant
differences in the number of transitions between the
two sectors, but there were differences between the
control group and the APP/PS1 group (F (3, 35) = 3.860;
p=0.0391).

Effect of HSP70 on Short-Term

Memory Formation

The Novel Object Recognition test was performed
to assess long-term memory. The perirhinal cortex is
responsible for object recognition and spatial memory;

Tom 14, Beinyck 1, 2026

impairments in its structure or function manifest as a
lack of interest in new objects [22]. Thus, we observe
that the number of approaches to the “new” toy
increases when it is replaced 24 hours after the initial
familiarization with the toys, in almost all mouse
lines except for the positive control and the double
transgenic Tg_h animals. The percentage of interest
in the new object was statistically significantly lower
between the WT group and the APP/PS1 and Tg_h
groups (F (7, 70) = 1.782; p = 0.0108 and p = 0.0319). A
significant difference can be observed in the IP, which
indicates the degree of preference for the unfamiliar
object. In the negative control and Tg_h_mod groups,
it is above 50%; in the APP/PS1 and Tg_h groups,
it differs significantly by 23% and 22% respectively
(F (3, 34) = 4.526; p = 0.0204 and p = 0.0209) from
the control group. A similar pattern is observed for
the ID (F (3, 42) = 3.874; p = 0.0368 and p = 0.0435),
indicating a decline in long-term memory functions and
physiological changes in the perirhinal cortex.

To further confirm hippocampal impairments, the
Y-Maze Test was conducted to analyze pathologies in
short-term memory formation.

Figure 3 presents data on the preference for the
new arm for exploration. Exploratory activity is driven
by the innate curiosity of rodents, who strive to explore
unvisited places. A mouse with intact working memory
and, consequently, intact prefrontal cortex functions
will remember previously visited arms and will tend to
enter the less visited arm. Spatial memory, determined
by the hippocampus, is also involved in this test by
opening a new arm half an hour after exploring two
others. As seen from the percentage of time spent by
animals exploring the new arm, the negative control
shows a typical pattern for healthy mice, with more
time spent exploring the new arm (35 %) compared
to the old one (29 %). The positive control also shows
a typical pattern for AD mice, where the total time
exploring the new arm does not exceed 20%. The
experimental Tg_h_mod line shows a similar pattern
to the negative control, while the Tg_h line, although
showing a pronounced difference in visiting the new
and old arms, exhibits a more blurred pattern of
exploration of both the “old” and “new” arms, differing
only in the time spent in the “landing” arm versus the
“new” arm. The percentage of entries into the new arm
decreases by 14 % (p = 0.0398) in the positive control
group compared to the negative control, and by 28 %
(p = 0.0099) in the Tg_h group. The Tg_h_mod group’s
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indicators increased statistically significantly by 40 %
(p =0.0156) compared to the Tg_h group.

Effect of HSP70 on Long-Term Memory Formation

The Barnes Maze test measures spatial learning
and memory. The test is based on rodents’ aversion
to open spaces, which motivates the subject to seek
shelter. The first 4 days are training days: to establish
a correct trajectory for mice in finding the “shelter”
and reduce the percentage of errors in hiding in
false shelters, mice use visual cues to develop this
trajectory. The latency to find the platform indicates
the learning speed of the mice. As shown in Figure 4,
progress in learning is observed in the positive control
only on the third day; thereafter, almost identical
parameters are observed, indicating a lack of progress
in remembering the platform’s location. The same
pattern was observed in the Tg_h group — as seen
from the graph, the learning process in both groups
occurs almost identically. The negative control shows
a typical pattern for healthy mice, with a tendency
to learn each subsequent day. The tendency for a
decrease in latency to find the platform in the Tg_h_mod
group is similar to the negative control, but there
are no statistically significant differences on the third
and fourth days. The speed of the negative control
increases daily, and the distance decreases, which fully
correlates with the tendency for reduced time to find
the platform. The positive control shows the opposite
trend with increased speed and distance in the test
and increased time to find the platform, indicating a
lack of learning in this mouse line. In the Tg_h group, a
decrease in total distance and speed in the test should
be noted, resulting in almost no change in latency to
find the shelter, but based on the overall data, it can be
concluded that the learning process in this animal line
is weakly expressed. The Tg_h_mod line shows a jump-
like change in speed and total distance on the second
day and almost unchanged values of these parameters
on days 3 and 4 of training, while we see a decrease in
latency to find the platform. Considering all the data,
high learning ability in the test can be stated.

On the fifth day of the test, we also investigated
learning and spatial memory. The latency in both
experimental groups shows an intermediate result
and does not statistically differ from the control.
The number of entries into the shelter zone shows
a statistical difference between the positive and
negative controls (p=0.0409). The total time spent
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in the “shelter” zone in the positive control group
was statistically significantly different from the Tg_h_mod
group (p = 0.0184) and the negative control group
(p = 0.0020). Compared to the WT group, this
parameter is practically unchanged in the Tg_h group
and increases by 45% in the Tg_h_mod group.

Effect of HSP70 on Amyloid Plaque Formation

To confirm the theory of slowing AD development,
in addition to studying short-term and long-term
memory, a histological analysis of amyloid plaques
in the cortex and hippocampus of mouse brains was
performed at 5 months of age. Amyloid aggregates
are one of the most prominent markers of the disease,
and their quantity and area indicate the degree
of disease progression. Both investigated forms of
HSP70 protein significantly reduced amyloid load
compared to the control APP/PS1 group in the cerebral
cortex (Fig. 5A). The extracellular form of HSP70
showed a more pronounced effect: the difference in
mean ranks with the control was 10.00 (p = 0.0033),
whereas for the intracellular form, this value was 8.00
(p = 0.0273). Critically, a direct comparison between
the two experimental groups revealed no statistically
significant differences (mean rank difference -2.00,
p > 0.9999). This indicates that although both forms
their
anti-amyloidogenesis action likely relies on similar or

are effective in reducing plaque numbers,
overlapping molecular mechanisms.

Analysis of amyloid deposit distribution by size
revealed a selective and region-specific action of
HSP70. In the cerebral cortex, a significant reduction
under the influence of both protein forms was
observed exclusively in the pool of small plaques
with a diameter less than 100 um (p = 0.0104 for
the extracellular and p = 0.0015 for the intracellular
form). The difference between the experimental
groups was not significant (p = 0.7061). The number
(100500 pm) and large (>500 um)
plaques in the cortex did not statistically differ from

of medium

the control or from each other. In the hippocampus,
the picture was different: extracellular HSP70 (Tg_h_mod)
demonstrated the most

pronounced effect,

significantly reducing the number of both small
plaques (<100 um, p = 0.0013) and large conglomerates
(>500 um, p = 0.028). The intracellular form (Tg_h)
in the hippocampus showed a tendency towards
a reduction in small deposits (p = 0.0884). These

data suggest that the neuroprotective mechanism,
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especially for extracellular HSP70, may be related not
only to a general reduction in amyloid load but also
to the selective inhibition of early aggregation stages
(small plaques) in the hippocampus, a structure crucial
for memory, which aligns with the better cognitive
performance observed in this experimental group.

Both HSP70
intracellular) reduce
compared to the APP/Ps1 control group.

variants  of (extracellular and

significantly amyloid load

DISCUSSION
The conducted study demonstrates the
comprehensive  neuroprotective effect of heat

shock protein HSP70
The obtained data not only confirm the key role of

in a transgenic AD model.

HSP70 in maintaining proteostasis but also reveal a
fundamentally important difference in the functional

consequences of expressing its intracellular and
extracellular forms. This difference places HSP70
among promising agents with a multimodal
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mechanism of action, which is critically important
for the development of therapies for complex
neurodegenerative diseases.

The intriguing

is the dissociation between the effect on the

most result of the study

(amyloid plaques) and
Both
statistically significant and

neuropathological marker

the cognitive phenotype. investigated forms
of HSP70

comparable reduction in total amyloid load in the

showed a

cerebral cortex. This result is in full agreement with
the canonical chaperone function of HSP70, which
involves preventing AP peptide aggregation and
stimulating its clearance, as also described in the
literature [23]. However, a detailed analysis of plaque
distribution by size revealed important nuances:
effective reduction was observed predominantly in the
pool of small plaques (<100 um), which may indicate
that HSP70 inhibits early stages of AP aggregation or

enhances the clearance of small, potentially more toxic
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Figure 1 — Open Field Test results.
Note: A, speed of movement; B, distance traveled in 5 minutes; C, time spent in the periphery; D, number of transitions between sectors.
* — p <0.05 (Tukey’s test).
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Figure 2 — Novel Object Recognition Test Activity results.
Note: A, preference index; B, discrimination index; C, number of approaches to the new toy (1-training day, 2-test day).
* — p <0.05 (Tukey’s test).
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Figure 4 — Barnes Maze Test results.
Note: A, number of entries into the shelter zone on day 5; B, time spent in the shelter zone on day 5; C, latency to find the shelter zone from
days 1 to 4 of training. ¥ — p < 0.05; ** — p <0.01 (Kruskal-Wallis test).
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** — p <0.01 (Kruskal-Wallis test, comparison with WT); # — p < 0.05 (Kruskal-Wallis test, comparison with Tg_h_mod).
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Figure 5 — Histology results.
Note: The figure shows the total number of amyloid plaques in the hippocampus (A) and cerebral cortex (C); distribution of amyloid deposits
by size in the hippocampus (B) and cerebral cortex (D). * — p < 0.05; ** — p < 0.01 (Kruskal-Wallis test).
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Despite  similar  anti-amyloid  efficacy, the
extracellular form of HSP70 (Tg_h_mod) demonstrated
incomparably more pronounced positive effects on
cognitive functions in all behavioral tests, reaching
levels close to the wild-type (WT) group. In contrast,
Tg_h mice expressing intracellular HSP70, although
having a lower amyloid load, showed only minor or
partial improvements in memory and learning. This
observation is of key importance — merely reducing
the number of amyloid plaques is insufficient to

restore synaptic transmission and neuronal network

functions.  Extracellular HSP70 likely mediates
additional protective mechanisms critically important
for cognitive function. Intracellular HSP70 may

directly impede the formation of AP oligomers, while
the secreted form, as shown in other studies, can
modulate neuroinflammation by interacting with

microglia, stimulating phagocytosis and amyloid
clearance [24].

The data from the Barnes Maze test are of
particular interest. The fact that the Tg_h_mod line
showed a learning dynamic comparable to the wild-
type (WT) group suggests that HSP70 supports the
functional reserves of neuronal networks responsible
for navigation and spatial memory formation. It is
known that HSP70 induction can alleviate synaptic
NMDA

in the hippocampus,

defects and improve receptor-dependent

signaling which is a key
mechanism for spatial learning [25].

Within the scope of the conducted study, the
obtained statistical data convincingly confirm the main
conclusions. In behavioral tests, the extracellular form
of HSP70 (Tg_h_mod) showed a statistically significant
advantage in restoring cognitive functions. In the
Novel Object Recognition test, the IP in this group
was significantly higher than in the APP/PS1 and Tg_h
groups — (F (3, 34) = 4.526; p = 0.0204 compared to
APP/PS1). In the Y-maze, the Tg_h _mod group not
only differed significantly from the positive control
(p = 0.0398) but also demonstrated a 40 % better
result in the percentage of entries into the new arm
compared to the Tg_h group (p = 0.0156, Kruskal-
Wallis test). In the Barnes Maze test, the time spent
in the shelter zone in Tg_h_mod was 45% longer than
in WT and statistically significantly differed from APP/
PS1 (p = 0.0184). Meanwhile, the intracellular form
(Tg_h) showed no significant improvements in most
tests compared to APP/PS1, except for a tendency
towards improvement. Histological data revealed a
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different picture: both forms of HSP70 significantly and
approximately equally reduced the total amyloid load in
the cortex compared to the APP/PS1 control (p = 0.0033
for extracellular and p = 0.0273 for intracellular form),
with no significant difference in their efficacy when
compared directly (p > 0.9999). However, analysis by
plaque size showed that in the hippocampus, only
extracellular HSP70 significantly reduced the number of
both small (<100 um, p = 0.0013) and large (>500 pm,
p =0.028) plaques.

Notably, in all cognitive tests, the Tg_h_mod line
demonstrated a more pronounced positive effect
compared to the Tg_h line [26]. This may be related
to specific expression patterns or post-translational
modifications of the protein in this model, which
enhance its stability, chaperone activity, or secretion
capacity. This observation has important practical
that the
efficacy of HSP70 can be optimized through targeted

implications,  suggesting therapeutic
modification, which is a promising arm for drug

development [27, 28].

Study Limitations

The conclusions are drawn based on a specific
transgenic mouse line that primarily models the
amyloid pathway of pathogenesis. Extrapolating
the results to sporadic forms of human AD requires
further verification. Additionally, the study involved
a transgenic animal line expressing a modified human
HSP70 protein in milk, which is a limiting factor for

projecting this effect onto an exogenous protein.

CONCLUSION

As evidenced by the behavioral tests, crossing a
mouse line with a neurodegenerative disease with
mice producing heat shock protein does not lead to
changes in locomotor function or the psychological
state of the animals. However, tests such as Novel
Object Recognition, Y-maze, and Barnes Maze show
positive changes in learning processes, short-term,
and long-term memory. The expression of extracellular
HSP70 protein shows a greater effect on the restoration
of both short-term and long-term memory, as well
as an improvement in spatial memory functions. The
expression of intracellular HSP70 protein influences
these processes to a lesser extent. Although histological
data indicate that both proteins affect the slowing of
amyloid plague formation to approximately the same
degree.
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In the last decade, developed countries have seen a steady increase in the prevalence of metabolic disorders. The most
significant among them are obesity and type 2 diabetes mellitus. Tirzepatide is an innovative drug, representing the first-
in-class dual agonist of glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) receptors.
Tirzepatide combines the action of two key incretin hormones, providing more comprehensive and effective regulation of
glycemia and metabolism compared to traditional GLP-1 monoagonists. Tirzepatide was unavailable in Russia for a long
time. However, in 2025, the first domestically produced tirzepatide drug, Tirzetta® (LLC “PROMMOMED RUS”), appeared.
The aim. To conduct a comparative evaluation of the efficacy and safety of the reproduced drug Tirzetta® (INN: Tirzepatide,
manufacturer LLC “PROMMOMED RUS”) and the reference drug Mounjaro® (INN: Tirzepatide, manufacturer “Eli Lilly”) in a
mouse model with induced metabolic syndrome (MS).

Materials and methods. The study was conducted on male mice of the C57BL/6 line. To metabolic syndrome (MS) was
induced in animals with a diet high in fat and carbohydrates. Three batches of Tirzetta® and one series of Munjaro® were
investigated. The drugs were administered at a dosage of 150 pg/kg subcutaneously once every three days for 15 days.
During the experiment, glucose tolerance and insulin sensitivity tests were performed. The type of metabolism was
determined by indirect calorimetry data. Mice were euthanized on 25th day for humane reasons upon reaching any of the
following criteria: body weight loss of more than 15% in a week; serious injuries (fractures, amputations, etc.), appearance
of non-healing wounds; seizures; unconscious state. A complete blood count was performed, and the following parameters
were determined: glucose, triglycerides, cholesterol, AST, ALT. Necropsy was performed after euthanasia. During necropsy,
the thoracic and abdominal organs of the animals were examined, and organs were dissected and weighed.

Results. In the MS group animals, body weight increased to 39.5 + 0.6 g compared to the control group (31.9 + 0.6 g),
representing a 24% increase. Significant hyperglycemia was recorded with a glucose concentration of 14.9 + 2.7 mmol/L
versus 6.1 = 0.4 mmol/L in the control, as well as a pronounced decrease in glucose tolerance in the loading test. The
investigated tirzepatide drugs demonstrated a pronounced hypophagic effect with a 26—-28% reduction in body weight,
normalization of glycemia with a 48-53% decrease in glucose concentration, and improvement in glucose tolerance and

For citation: A.A. Andreev-Andrievsky, V.S. Shcherbakova, S.V. Drugova, M.A. Mashkin, A.A. Narizhnyak, K.N. Koryanova, E.S. Mishchenko,
L.I. Shcherbakova, I.N. Dyakova, P.A. Podlesnaya, Yu.G. Kazaishvili, P.A. Belyy, K.Ya. Zaslavskaya. Comparative study of the efficacy and safety
of tirzepatide drugs in metabolic syndrome. Pharmacy & Pharmacology. 2026;14(1):109-132. DOI: 10.19163/2307-9266-2026-14-1-109-132
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insulin sensitivity. Indirect calorimetry data indicated a decrease in the respiratory exchange ratio, suggesting lipolysis
activation. A significant reduction in triglyceride content in blood serum and liver was revealed. The bioequivalence of
the investigated drugs Tirzetta® and Mounjaro® was established in the experimental MS model in mice based on a set of
therapeutic efficacy and safety indicators.

Conclusion. Studies on an experimental model of induced MS in mice showed equivalent efficacy of Tirzetta® (INN:
Tirzepatide, manufacturer LLC “PROMMOMED RUS”, Russia) and Mounjaro® (INN: Tirzepatide, manufacturer “Eli Lilly”,
USA).

Keywords: tirzepatide; bioequivalence; metabolic syndrome; mice; indirect calorimetry; glucose tolerance test; hypophagic
effect; lipolysis; glycemia; insulin sensitivity; preclinical study

Abbreviations: GLP-1 — glucagon-like peptide-1; GIP — glucose-dependent insulinotropic polypeptide; GTT — glucose
tolerance test; T2DM — type 2 diabetes mellitus; MS — metabolic syndrome; BMI — body mass index; EMA — European
Medicines Agency; INN — international nonproprietary name; EAEU — Eurasian Economic Union; IS — insulin sensitivity;
MS — metabolic syndrome; BW — body weight; SOP — standard operating procedure; TG — triglycerides; FS —
physiological saline; VCO, — carbon dioxide production rate; VO, — oxygen consumption rate; CS — comparator product;
SPF — specific pathogen free.
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B nocneaHee JecatmneTve B PasBMTbIX CTPAHAX OTMEYAETCs YCTOMYMBOE yBENNYEHME PAcNpPOCTPAHEHHOCTU METaboanYecKux
HapyweHuit. Cpean HUX Hanbonee 3HAYMMbIMM SABNAIOTCA OXKMPEHUE U caxapHbli Avaber 2 Tuna. TupsenaTug — 3TO
WHHOBALMOHHbIN NeKapcTBeHHbIM npenapat (/1MN), npeactasaaowmini cobol nepsbii B CBOEM K/acce ABOMHON aroHUCT
peuenTopoB rtoKaroHonoaobHoro nentuaa-1 (FMM-1) 1M rOKO303aBUCUMOTO MHCYIMHOTPOMHOrO noaunentuaa (FAM).
Tup3enatng obbeauHAET AelCTBUE ABYX KAHOYEBbIX MHKPETUHOBBLIX TOPMOHOB, YTO obecneynBaeT 6onee KOMnAeKcHoe
1 3pPeKTUBHOE perynimpoBaHue MUKEMUU U MeTaboNnM3ma NO CPABHEHUIO C TPAAMUMOHHBIMM MOHOaroHuctamu MN-1.
Honroe Bpems Tup3enatug 6oin HegocTyneH B Poccum, ogHako B 2025 rogy nossBuicA Mepsblid NpenapaT TMp3enatuaa
oTeyecTBeHHOro npoussoacTsa — Tupsetta® (OO0 «MPOMOME/L PYC»).

Lienb. MpoBecTn CpaBHUTENbHYIO OLLEHKY 3dEeKTMBHOCTM M 6e30macHOCTM BOCMPOU3BEAEHHOTO npenapaT Tup3eTtTa®
(MHH: TupsenaTtna, npoussogutens OO0 «MPOMOME/Z PYC») u pedepeHTHOro npenapata MyHaxapo® (MHH:
Tup3enaTua, NpovsBoanuTenb «Iau JIMAAN») Ha MOAENN MbILWEN C UHAYLMPOBAHHbIM MeTaboanyeckum cuHapomom (MC).
Marepuanbl U MeToabl. B nccienoBaHMM MCMO/Ib30BaIM CaMLLIOB Mbiluel nHumM C57BL/6. A npoBeaeHUs nccnesosBaHns
Y XKMBOTHbIX 6blN MHAYLMPOBAH MeTabonuyeckuii cuHapom (MC) npu NOMOLLM AMETbI C BbICOKUM COAEPKaHUEM XKuUpa U
yrnesopoB. Janee uccnenosanu addektmsHocTb JIM TMp3enaTvaa, UCNonb3ya Tpu cepuu npenapata Tup3etTa® v ofHy
ceputo MyHaxkapo®. Uccneposanu Tpu cepun npenapata Tup3etta® u ogHy ceputo MyHAKapo®. MpenapaTbl BBOAWUAN B
[031poBKe 150 MKI/Kr MOAKOXKHO OAMH pa3 B Tpu AHA B TedeHue 15 aHeid. B xoge aKcnepumeHTa NMpoBOAWAW TECTbl Ha
NepeHoCUMOCTb [/IIOKO3bl U YYBCTBUTE/IbHOCTb K MHCYAMHY. TN meTabonusama onpegensnn no AaHHbIM HenpAamon
KanopumeTpuu. Mblwelt noasepranam 3BTaHa3umM Ha 25 AeHb NO COOBPAKEHUAM F'YMAHHOCTU NPU JOCTUKEHMM N0HOro U3
NepeUYnCNeHHbIX HUXKE KPUTEPUEB: CHUMKEHWE Macchl Tena bonee, yem Ha 15% 3a Hepento; cepbésHble TpaBMbl (Nepesomsl,
amnyTauuMu U T.N.); NOSBNEHME HE3aXKMBAILLMX PaH; cyaoporu; beccosHatenbHoe coctoaHue. MNpoBoaman obwmin aHanms
KPOBW M onpeaenann cnepylolime rnokasaTenn: rioKosa, Tpurmuepuabl, xonectepuH, ACT, AJIT. Hekponcuto nposogmaun
nocne 3sBTaHasWW. B xoge HEKPONCUWM OCMATPMBANM OPraHbl TPYAHOW M OPIOLWHOM MONOCTU YKMBOTHbIX, MCCEKANU W
B3BELUMBANN UX.

Pe3synbratbl. Y MBOTHbIX rpynnbl MC macca Tena ysenunumnacb Ao 39,5+0,6 r No CpaBHEHMIO C KOHTPO/IbHOM rpynnown
(31,9£0,6 r), yto cocrtaBnfer npupoct B 24%. B rpynne MC po nevyeHus 6bina 3aperMcTpuMpoBaHa 3HauuTesbHasA
TMNEePrIKeMUA C KOHUEHTpauuen roKkosbl 14,942, 7 mmonb/n npotms 6,1+0,4 MMONb/A B KOHTPO/ie, a TaKKe
BblpaXKEHHOE CHU)KEHWEe MNepeHOCMMOCTM [/IlOKO3bl B HarpysovyHom TecTe. Mccnesyemble npemapaTbl TUp3enatnaa
NPOAEMOHCTPUPOBANN BblpakeHHoe runodarnyeckoe AeNCTBME CO CHUMKEHMEM MACChl Tesa Ha 26—28%, HOpMann3aumio
TIMKEMUWN C YMEHbLUEHWEM KOHLEHTPALMK MoKo3bl Ha 48-53%, ynyyweHne ToNepaHTHOCTU K TNOKO3e U MHCY/IMHOBOW
YyBCTBUTENBHOCTU. O AaHHbIM HeMnpAMOW KanopumeTpuum Ha ¢oHe npuéma /I TMp3enatMga OTMEYEHO CHUMKeHUe
ObIXaTeNbHOTO KO3GPUUMEHTA, CBUAETENbCTBYIOWMX 06 aAKTMBALMU NUMONM3A. BbiABNEHO 3HAYUTE/NIbHOE CHUMKEeHWe
COAEPKAHUA TPUTNNLEPULOB B CbIBOPOTKE KPOBM U MeYeHU. YcTaHOB/IeHa BMO3KBMBANIEHTHOCTb UCCNeAyeMblX MpenapaTos
Tup3etTa® u MyHAXKapo® B aKcnepumeHTanbHon mogenn MC y mbiwei Mo KOMMAEKCy MoKasaTenen TepaneBTUYecKoln
3ddeKTMBHOCTM M BesonacHoOCTH.

3akntoueHue. MiccnenoBaHMA Ha SKCNEPUMEHTANIbHOM MOAEAN MbILeR C MHAYLMPOBaHHbIM MC nokasanu SKBUBANEHTHYHO
addektnHocTb JIMN Tup3etta® (MHH: TupsenaTtua, npoussogutens OO0 «MPOMOME/L PYC», Poccus) U MyHaapo®
(MHH: Tup3enaTua, npoussogutens «3au innamn», CLUA).

KnioueBble cnoBa: Tvp3enaTtus; 6MO3KBMBANEHTHOCTb; MeTAabO/NIMYECKUA CUHAPOM; MbIWW; HEMPAMas KaJiopumeTpus;
TIIOKO30TONIEPAHTHbIN  TecT; runodarvyeckoe [AenCTBUE; NUMOAWU3;  IUKEMMA; WHCYIMHOBAA YyBCTBUTENbHOCTb;
[LOKINHUYECKOoe uccneaoBaHve

Cnucok cokpaweHui: [MMN-1 — raokaroHonogobHbin nentna-1; TMMN — r1OKO303aBUCUMbIA  MHCYIMHOTPOMHBbIN
nonunentug; MT — rAOKO30TONEPaHTHbIN TecT, CA2 — caxapHblii anabeT 2 Tuna; MC — meTaboanyYeckuin CUHOPOM;
UMT — uHgeKkc maccbl Tena; EMA — EBponelickoe areHTCTBO MO JieKapcTBEHHbIM cpeacTBam; JIM — neKapcTBEHHbIN
npenapat; MHH — mexayHapogHoe HenaTeHTOBaHHOe HaumeHoBaHue; EASC — EBpPa3sMACKUIA SKOHOMMUYECKUI COHo3;
MY — uyBCTBMTENBHOCTb K MHCYyNMHY; MC — meTabonuuyeckuit cuHagpom; MT — macca Tena; COMN — craHaapTHas
onepaunoHHasa npoueaypa; TF — Tpuranuepuapl; P — dusmnonorndecknin pacrsop; VCO, — CKOPOCTb MPOAYKLWU
yrnekucnoro rasa; VO, — cKopocTb notpebnenus kucnopoaa; MC — npenapar cpasHenus; CM® — csobogHble oT
natoreHHon ¢nopsbl.

INTRODUCTION

According to World Health Organization (WHO)!
data, in 2022, there were over 2.5 billion individuals
over 18 years of age with overweight (BMI = 25—
29 kg/m?) and over 890 million people suffering from
obesity (BMI > 30 kg/m?) worldwide. As of 2021, the
prevalence of obesity in the USA is 56%, in the UK —
52 %, in Israel — about 50 % of women and 60% of
men have overweight or obesity. Russia does not
significantly differ from the aforementioned countries
in this indicator: over 60% of the adult population of
Russia is overweight, and about 26 % is obese?.

! WHO. Obesity and overweight. Available from: https://www.who.
int/news-room/fact-sheets/detail/obesity-and-overweight

2 Fatness. A modern view on pathogenesis and therapy. Vol. I; A.S.
Ametov [et al.]. Moscow: GEOTAR-Media; 2021. 384 p. Russian

Tom 14, Beinyck 1, 2026

It is important to note that individuals with
overweight and obesity are diagnosed significantly
more often with diabetes mellitus (5-20 %),
hypertension (34-64 %),  gallbladder  diseases
(35-45 %), and osteoarthritis (5—-17 %). It has been
established that the epidemiological links between BMI
and type 2 diabetes mellitus (T2DM) are very strong:
over 75 % of cases of the disease are associated with
overweight and obesity. More than 2/3 of patients with
T2DM have a BMI > 27 kg/m?, and more than 50 % have
a BMI>30kg/m?[1, 2].

Tirzepatide is a polypeptide with affinity for two
receptors of the incretin axis — glucose-dependent
insulinotropic polypeptide (GIP) and glucagon-like
peptide-1 (GLP-1) receptor. Native GIP and GLP-1 are
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key incretin hormones secreted by intestinal cells
in response to food intake. They enhance glucose-
dependent insulin secretion from pancreatic B-cells,
suppress postprandial glucose and glucagon surges
from a-cells. In addition, GIP and GLP-1 regulate gastric
and intestinal motility, appetite, and, primarily, lipolysis.
However, GIP and GLP-1 have a short half-life, which
makes the development of exogenous incretin receptor
agonists highly promising for the treatment of obesity,
overweight, and associated diseases [3-5].

Tirzepatide is a linear peptide of 39 amino acids
conjugated with a C20 fatty acid at the N-terminus. This
conjugation increases the stability of the compound
by effectively binding to plasma albumin, which
significantly prolongs the drug’s half-life and allows
for a once-weekly dosing regimen. The amino acid
sequence of tirzepatide is based on the sequence
of endogenous GIP but with key substitutions that
increase affinity for GLP-1 receptors and mediate
pharmacological action comparable to endogenous
GLP-1 [6].

As a drug, tirzepatide was approved by the FDA
on May 13, 2022, under the brand name Mounjaro®
(Eli Lilly, USA)3 for the treatment of adults with T2DM,
making it the first and only GIP and GLP-1 receptor
agonist for this indication. Later, on November 8,
2023, tirzepatide was approved as a drug for weight
management in adults with obesity or overweight
with comorbidities under the brand name Zepbound®
(Eli Lilly, USA)* Previously, on September 15, 2022,
tirzepatide was also approved by the European
Commission®.

In the Russian Federation, tirzepatide was first
registered on January 23, 2025, under the brand name
Tirzetta® (PROMED RUS LLC, Russia)®. This drug is
effective for several indications: obesity, overweight,
prediabetes, and T2DM.

MATERIALS AND METHODS

Test system

The study used 80 male C57BL/6 mice aged 8-10
weeks. The animals were obtained from the FRC IC&G
SB RAS (Novosibirsk, Russia) nursery. According to the
health certificate provided by the manufacturer, the

3 FDA. Drug Trials Snapshots: MOUNJARO. Available from: https://
www.fda.gov/drugs/drug-approvals-and-databases/drug-trials-
snapshots-mounjaro

“ FDA. FDA Approves New Medication for Chronic Weight
Management. Available from: https://www.fda.gov/ news-events/
press-announcements/fda-approves-new-medication-chronic-weight-
management

5 EMA. Mounjaro. Available from: https://www.ema.europa.eu/en/
medicines/human/EPAR/mounjaro

5 Tirzetta®. The State Register of Medicines of the Russian
Federation. Available from: https://grls.minzdrav. gov.ru/Grls_View_
v2.aspx?routingGuid=f72153a0-29eb-4756-9a93- 0b5455cf8423.
Russian
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mice were specific pathogen-free (SPF) according to the
FELASA-2014 list. The adaptation period after receiving
the animals was 10 days.

The animals were housed in groups (n = 10) in
individually ventilated cages GM500 (Tecniplast,
Italy) with a floor area of 500 cm2. Wood shavings
(fraction 3, IP Filonich, Russia) were used as bedding.
Throughout the study, except for periods before
glucose tolerance testing and necropsy, the animals had
unlimited access to food and purified water. A complete
feed P22 (BioPro, Russia) was used for feeding the
control group mice.

For environmental enrichment, mice were
provided with nesting material (paper tissues) and
shelters (red plastic houses). Materials supplied to the
animals were sterilized by autoclaving. Routine animal
care was carried out in accordance with current GLP
regulations.

The temperature in the animal housing rooms
ranged from 20 to 26 °C, relative humidity from 30 %
to 70 %, the light cycle was 12 hours, and illumination
was approximately 400 Lux at 1 m above the floor.
The animals were under regular observation by a
veterinarian.

Design of Experiment

A population of 54 mice (males) with MS was
developed in the first stage. The animals were divided
into 6 experimental groups of 10-12 individuals each.
The control group of mice (K) consisted of individuals
without MS, and the remaining groups consisted of
mice with induced MS. Mice in the control group K
and one of the MS groups received placebo. The other
four groups of mice with MS received tirzepatide: as
part of the reference drug Mounjaro® (RD), or as part
of the drug Tirzetta® from one of three batches (T1, T2,
T3) (Fig. 1, Table 1).

Animals were assigned to experimental groups by
randomization using GraphPad software. All mice were
individually marked with ear tags (model 1005, National
Band and Tag Company, USA; weight 0.25 g).

Induction of metabolic syndrome

MS was induced in all mice, except for animals
in group K, using a modified diet consisting of high-
fat and high-carbohydrate feed and fructose syrup for
drinking [1, 2].

The high-fat feed was prepared in the laboratory
with the following composition (by mass): complete
feed — 35%; rendered beef fat — 30 %; whole
condensed milk with sugar 8.5-35 %.

To prepare the feed, melted beef fat was added to
the non-pelleted (powdered) complete feed in a mixer
bowl at a rate of 300 g per 350 g of complete feed and
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mixed for 2—3 minutes until the fat was absorbed into
the feed. Then, 350 g of condensed milk was added to
the mixture and mixed for another 3-5 minutes until
homogeneous. The prepared mixture was distributed
into silicone molds, frozen, and stored at a temperature
not exceeding —18 C until use, but no longer than 1
month.

The actual nutritional value of the feed was
(by mass): crude protein — 10.9 + 0.5%; fats —
33.7 + 0.8 %; carbohydrates — 45.5 %; moisture —
7.4 £ 0.4 %; total ash — 2.5 = 0.3 %; energy value —
5315 kcal/kg.

A 30% fructose syrup was prepared in the
laboratory by placing a known weight of fructose in a
graduated cylinder, bringing the volume to 2 L with
purified water, and mixing until dissolved. The prepared
syrup was poured into sterile bottles and stored at a
temperature not exceeding 8 C until use, but no longer
than 2 weeks.

The “high-fat” feed was provided in the feeder grid
without restriction, similar to the standard complete
feed, and was replaced with fresh feed at least once
a week. Animals were provided with fructose syrup
as drinking water. Water bottles were replaced at
least once every 3 days. During the testing period in
PhenoMaster, feed and syrup were provided in the
PhenoMaster feeders /waterers.

The metabolic status of all mice was assessed
monthly, starting from the 2nd month from the
beginning of MS induction, but not exceeding 6
months. Animals were used in experiments upon
reaching the following criteria: average body weight
(for all mice receiving the modified diet) of at least 40 g,
reduced glucose tolerance compared to control group
mice, or after 6 months of feeding the modified diet.

Mouse body weight was measured weekly.
Weighing was performed with an accuracy of 0. g
using Vibra CJ-2200CE scales (Vibra, Japan).

Samples

To form a representative quality profile and obtain
reliable comparability data, three batches of the
reproduced drug Tirzetta® were used in the studies.
Information on the investigated batches is presented in
Table 2.

A “placebo” was used as a vehicle for the
investigated drugs, which was a solution containing
(per 0.5 mL): sodium chloride (4.1 mg), disodium
hydrogen phosphate heptahydrate (0.7 mg); 1 M
sodium hydroxide solution or 1 M hydrochloric acid
solution (to pH 6.5-7.5), water for injection (up to
0.5 mL). All samples were stored at a temperature of 2
to 8 C for the duration of the shelf life indicated by the
manufacturer.
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Working solutions of tirzepatide for administration
to animals were prepared by mixing the investigated
drugs at a concentration of 5 mg/mL and placebo to
obtain a solution with a concentration of 0.15 mg/mL.
Working solutions were prepared immediately before
use and used within 2 hours of preparation.

Dosing regimen

To accustom mice to subcutaneous administration
procedures and minimize the impact of associated
stress on study results, mice were injected with
physiological saline from day 1 to day 7 (d1..d7, =7
injections). Investigated substances were administered
from day 8 to day 23 of the experiment.

T1, T2, T3, RD, and placebo were administered
subcutaneously once every three days (see Table 1).
Administration was carried out in the scruff area
using 0.5 mL syringes with G 29 needles (5 mL/kg).
Administration was performed in the afternoon (from
18:00 to 21:00), before the evening peak of food
consumption. Investigated drugs were administered
at a dose of 150 pg/kg subcutaneously, every third
day — from day 8 to day 23 of the experiment. The
tirzepatide dose was selected based on the literature
data [7].

Observation

During the study, food and water intake, feeding
behavior, and physiological parameters were
determined using the PhenoMaster system, and blood
glucose concentration was measured. Food and water
intake were assessed individually. In the specified
system, feeder weight registration is carried out with
high temporal resolution, allowing for the analysis of
animal feeding behavior: amount eaten / drunk per
feeding / drinking episode, number of feeding and
drinking bouts, and duration of intervals between them.

Non-fasting blood glucose concentration
was measured on days 6, 9, 12, 15, and 18 of the
experiment using a portable glucose meter OneTouch
Verio Reflect (LifeScan, Switzerland) and test strips
according to the manufacturer’s instructions. Blood
for measurement (3—5 plL) was obtained by tail tip
puncture. Measurements were taken in the evening,
before the peak food consumption, prior to drug
administration.

Monitoring of physiological parameters in the
PhenoMaster system was conducted from day 6 to day
15 of the experiment inclusive (2 days before and 8
days after the start of substance administration).

During monitoring, the following parameters from
Table 1 were recorded. System setup, calibration,
startup, and control were performed according to the
manufacturer’s instructions.
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Challenge tests

During the experiment, glucose tolerance and
insulin sensitivity tests were performed. The tests were
conducted after a 9-hour fast and 15-18 hours after
the last drug administration. The glucose tolerance
test was performed once on day 21 of the experiment.
Insulin sensitivity was tested once on day 24 of the
experiment.

In the evening before the testing (21:30 + 30 min),
food was removed from the animals; mice consuming
fructose syrup were given water instead of syrup.
Testing was conducted the next day in the morning
(11:30 + 40 min).

The glucose tolerance test consisted of measuring
mouse blood glucose concentration 15 minutes
and immediately before (0 minutes) intragastric
administration of 2 g/kg glucose (administration
volume 5 mL/kg), and at 15, 30, 45, 60, 90, and
120 minutes after glucose administration. Data analysis
involved comparing blood glucose concentration curves
and areas under the curves.

The insulin sensitivity test consisted of measuring
mouse blood glucose concentration immediately
before (0 min) intravenous administration of 4 U/kg
insulin (administration volume 5 mL/kg), and at 15,
30, 60 minutes, 2, 3, 4, and 6 hours after insulin
administration. Data analysis involved comparing the
blood glucose concentration curves themselves and the
time to recovery of concentration.

Metabolic assessment

Metabolic type was determined by indirect
calorimetry data. For this purpose, oxygen consumption
and carbon dioxide production by animals were
measured in the PhenoMaster system for 2 days before
the start of substance administration and 8 days after
the start of dosing. Based on these data, the respiratory
exchange ratio (RER) was calculated, which determined
the spectrum of utilized substrates. RER was calculated
as the ratio of carbon dioxide volume produced to
oxygen volume consumed.

Heat production (energy expenditure) was
determined using the oxygen equivalent EE, the value
of which depends on the RER value:

M =V, x EE(RER),
where M is heat production (energy expenditure,
kcal/kg/h); V., is oxygen consumption (mL/kg/h);
EE(RER) is the energy equivalent of oxygen, kcal/L O,.

Euthanasia and blood sample collection
Mice were euthanized on day 25 for humane
reasons upon reaching any of the following criteria:
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—  body weight loss of more than 15 % in a week;
— serious injuries (fractures, amputations, etc.),
appearance of non-healing wounds;

—  seizures;

— unconsciousness.

Euthanasia, combined with blood sample
collection, was performed by inhalation of 2%

isoflurane in an induction chamber. In the evening
before euthanasia, food was removed from the
animals, and mice consuming fructose syrup were given
water instead.

Blood tests

Collected blood was divided into 2 samples: for
complete blood count (CBC) and for serum preparation.
Blood for CBC was stabilized with EDTA and stored at
room temperature until analysis, but no longer than
2 hours.

To obtain serum, blood was placed in tubes with
a clotting activator and separation gel. After clotting,
but no later than 1 hour after collection, serum was
separated by centrifugation (Centrifuge Neuation
iFuge UCO2R, Neuation, China) at 2500 g and room
temperature for 15 minutes. Serum was transferred to
labeled microcentrifuge tubes, frozen, and stored at a
temperature not exceeding —18 °C until biochemical
analysis, but no longer than 3 months.

CBC was performed on the Balio-560 instrument
(Balio Diagnostics, France) using reagents Diluent, Lyc 1,
Lyc 2 (Dymind, China) and control materials “Veterinary
Gemkontrol 5D” (MBS Technology, Russia).

Biochemical analysis of serum was performed
on the A25 analyzer (Biosystems, Spain) using reagent
kits and control materials from Hospitex Diagnostics
(Italy) according to the instructions of the reagent and
equipment manufacturers. The following parameters
were determined: glucose, triglycerides, cholesterol,
AST, ALT.

Necropsy

Necropsy was performed after euthanasia. During
necropsy, organs of the thoracic and abdominal cavities
of the animals were examined, and the following
organs were dissected and weighed: brain, heart, lungs,
kidneys, salivary glands, pancreas, liver, thymus, spleen,
testes, epididymides, accessory glands, gastrocnemius
muscle, soleus muscle, visceral fat, adrenal glands.

During the study, a visual assessment of the
following fat depots was performed:

1. Subcutaneous:

— interscapular;

— anterior subcutaneous (right and left);
shoulder (right and left);

Volume X1V, Issue 1, 2026



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2026-14-1-109-132

inguinal (right and left);
popliteal (right and left).

2. Visceral:

—  pericardial;

—  perirenal (right and left);

—  mesenteric;

— gonadal (right and left).

Assessment was performed using the following
scoring scale: not expressed (adipose tissue practically
absent); weakly expressed (little adipose tissue);
moderately expressed (adipose tissue present); strongly
expressed (a lot of adipose tissue).

The total score for an animal was calculated as the
sum of scores for all fat depots.

Measurement of triglyceride

and cholesterol content in the liver

To determine triglyceride content, a fragment
of the right lateral lobe of the liver weighing
approximately 100 mg was dissected and weighed
(x 1 mg, Vibra ALE323R). The sample was homogenized
in 20 volumes of a chloroform-methanol mixture (in
a volume ratio of 2:1), after which the sample was
mixed for 20 minutes on an automatic shaker. Then,
the precipitate was separated by centrifugation at
20,000 g for 10 minutes. The supernatant was collected
and mixed with 400 pL of physiological saline and
thoroughly mixed on a vortex mixer. To separate the
phases, the sample was centrifuged at 20,000 g for
10 minutes. The lower phase, containing lipids, was
collected and stored at a temperature not exceeding
—18 °C until lipid and cholesterol concentration analysis,
but no longer than 3 months.

Quantitative determination of triglycerides and
cholesterol in liver extracts was performed using
reagent kits and control materials from Hospitex
Diagnostics (ltaly) according to the manufacturer’s
instructions. The optical density of the samples
was measured on a Plate Screen microplate
spectrophotometer (Hospitex Diagnostics, Italy).

Ethical review

The study was approved by the Ethics Committee
of the Federal State Budgetary Institution of Science
“State Research Center of the Russian Federation —
Institute of Biomedical Problems of the Russian
Academy of Sciences” for Biomedical Ethics (No. 681
dated March 17, 2025).

Data analysis

The difference in efficacy between the comparator
product (Mounjaro®) and the three batches of the
investigated product (Tirzetta®) was analyzed.
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For primary analysis, data were tabulated and
descriptive statistics were calculated: mean (M),
standard deviation (SD), standard error (SEM).

For group comparisons, analysis of variance
(ANOVA) methods were used, followed by pairwise
group comparisons using Sidak or Tukey, as well as
multiple linear regression. The statistical significance
threshold was p <0.05.

The overall comparison of drug effects was carried
out by determining Cohen’s d for all 53 investigated
parameters. Based on Cohen’s d, metrics RE (relative
efficacy), SS (safety assessment), Sel (selectivity), and
CS (composite score) were determined:

REZldDrugstCl N

0.01,
| d CSvs MC |

RE=1.0 means equivalence to CS; RE > 1.0 indicates
superiority over CS (stronger recovery); RE < 1.0 means
a weaker effect.

1

14 el eM(ssh’

SS=

The coefficient 6 was chosen empirically for
optimal differentiation. The result is in the range from
0 to 1, where 0.5 = equivalence to CS, > 0.5 indicates
better safety, <0.5 indicates worse safety.

_ | dDrugvs MS|
B | d Drug vs Con|

Sel +0.01,

With subsequent normalization:

In(1+ Selectivity) )

Sel :min(1.0><
2.5

High selectivity (close to 1) means that the drug’s
action against MS is more pronounced than against
Con.

The composite score combines all three metrics
into a single indicator for drug ranking:

CS=0.70 x RE+0.20 x SS +0.1 x Sel,

Bootstrap analysis (10,000 iterations) was used
to determine the statistical significance of differences
in composite scores between drugs. Normality of
residuals was checked using the Shapiro-Wilk test.
Homogeneity of variances was confirmed by Levene’s
test. Intergroup analysis was performed using analysis
of variance (ANOVA).

If ANOVA showed significance (p < 0.05), Tukey
HSD post-hoc tests were performed for all pairwise
comparisons. Particular attention was paid to contrasts
of each drug with CS. If the contrast with CS was
not significant, the drug was considered statistically
equivalent to CS for that parameter.

Multivariate analysis of variance (MANOVA) was
used to check if drugs differed simultaneously on two
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dependent variables: efficacy (d_vs_MS) and safety
(d_vs_Con). Pillai’s Trace test statistic, based on the
eigenvalues of the matrix, was used. If the MANOVA
result was significant, ANOVA was performed for each
variable separately to determine which indicator
caused the difference. Holm'’s correction for multiplicity
was applied for all pairwise comparisons.

To quantitatively compare the structure of
biological effects between drugs, three complementary
metrics were used:

e Adjusted Rand Index (ARI) — measures the
proportion of pairs of parameters that are
in the same cluster for both the comparator
drug and the investigated drug (or in different
clusters in both cases).

e Normalized Mutual Information (NMI) —
based on mutual information between two
clusterings.

e Jaccard Index — the proportion of agreement
in the classification of parameter pairs.

Statistical significance of similarity was assessed by
a permutation test: clusters of the drug were randomly
permuted, metrics were recalculated, and a distribution
under the null hypothesis was collected. P-value was
calculated as the proportion of permutations where
ARI/NMI/Jaccard > observed value. If p < 0.05, the
similarity was statistically significant.

In addition to clustering, a direct comparison
of the profiles of all 53 parameters was performed:
an integrated similarity index was calculated as a
weighted sum of three indices: Euclidean distance,
Cosine similarity, Pearson correlation. Based on these
indices, an integrated similarity index was calculated
as a weighted sum of these three indices. Weights:
40% Euclidean (absolute differences in values),
40 % Cosine (pattern and direction of effects), 20%
Pearson (synchronicity). The result was converted to a
percentage of similarity (multiplied by 100).

Comparative analysis of effect magnitudes was
implemented in R. Main packages:

— tidyverse — data manipulation (filter, mutate,

summarize)

— stats — ANOVA, MANOVA, k-means

— car — Levene, Type |l ANOVA tests

— mclust — Adjusted Rand Index

— custom functions for NMI, Jaccard Index, and
permutation test.

RESULTS

Induction of metabolic syndrome

In mice receiving the “high-fat” diet, body weight
gradually increased and significantly exceeded the
weight of control mice from week 8 of feeding (Fig. 2).
After three months of feeding, the BW of mice on the
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“high-fat” diet was 39.5 + 0.6 g, which is 24 % higher
than in mice on standard feed (31.9 £ 0.6 g).

Intragastric administration of 2 g/kg glucose led
to a more pronounced increase in blood glucose
concentration in mice on the “high-fat” diet and
fructose syrup than in individuals consuming standard
feed (Fig. 3A). Thus, in mice on the modified diet,
the maximum blood glucose concentration was
20.3 + 3.7 mmol/L, and on the control feed —
14.9 + 2.7 mmol/L (Fig. 3B); the increase in the
area under the blood glucose concentration curve
was 19.843.2 and 28.0 + 6.2 mmol/Lxh in mice on
standard and modified diets, respectively (Fig. 3C).
The half-time for blood glucose recovery in mice on
standard feed and water was 30 minutes, and in mice
on “high-fat” feed and fructose syrup — 56 minutes
(F(1,470)=6.01, p = 0.0146).

Thus, at the time of use in experiments, mice
receiving the modified diet had 25 % greater BW than
individuals on the standard diet, and glucose tolerance
was significantly lower.

Therefore, it can be concluded
experimental model of MS was
reproduced.

that the
successfully

Effect of tirzepatide drugs on body weight

The BW of mice receiving tirzepatide (RD, T1,
T2, and T3) was significantly lower than in mice with
untreated MS and control individuals. Significant
differences in BW persisted throughout the experiment
(Fig. 4A). To assess the integral changes in mouse BW
over the experimental period, areas under the BW
change curve relative to baseline (before substance
administration) values were calculated for the interval
from day 1 to day 18 of the experiment (Fig. 4B).

By day 18 of the experiment, the BW of the control
group mice receiving standard feed had practically not
changed (-0.5 + 1.0 %). Mice with untreated MS lost
8.5+ 1.5 %, presumably due to numerous experimental
stress  manipulations (PhenoMaster monitoring,
blood glucose measurement, etc.). In mice receiving
tirzepatide, BW reduction was 25.9 + 1.1 % for RD,
and 28.2 + 1.1%, 27.4 £ 1.2 %, and 26.8 + 1.6 % for
the investigated tirzepatide drugs T1, T2, and T3,
respectively.

Thus, it can be concluded that the administration
of 150 ug/kg tirzepatide led to a pronounced reduction
in BW of mice with MS, with mouse BW being lower
than control group values, without signs of MS.
The reduction in BW upon administration of the
investigated tirzepatide drugs and the comparator
product was equally pronounced and occurred with
indistinguishable dynamics. The T1, T2, and T3 drugs
did not differ from the comparator product or from
each other in any of the analyzed BW characteristics.
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Table 1 — Experimental scheme for assessing the effect of tirzepatide on mice with induced metabolic syndrome

Number of Administered substance, . .
Group . .. . X Recorded parameters (registration graph)
animals, n  administration regimen
Placebo, 5 ml/kg SC, .
acebo, 5 mi/kg 1. BW (daily — d....d);
Con 12 every third day, s . . .
dod.d . d.d. d 2. Food and water/syrup intake in housing cages (daily —
& T1v 14 T17 20 T23 d "'d ).
1 2577
Placebo, 5 ml/kg SC, 3.  Physiological parameter monitoring in PhenoMaster
MS 12 every third day, (d...d,):
dyd,,d,yd,, 0,y 0, * food intake, min’;
Mounjaro, 150 pg/kg SC, * water inta.k.e, min:l;
RD 10 every third day, * motor activity, min™;
(0] tion, h%;
d&' dll’ d14’ dl?’ d2(7 23 ° 2 Consump.lon 1
- - e CO, production, h™.
Tirzepatide (batch 1), 150 pg/kg SC, 4. Non-fasting blood glucose, glucometer (weekly — d,,
T1 10 every third day, d.d_d_d):
d d d d d d g T12 T1¥ 18)’
g Y1y Yiw 917 Yoy Y53 5. Glucose challenge test (once — d, );
Tirzepatide (batch 2), 150 pg/kg SC, 6. Insulin challenge test (once — d,,);
T2 10 every third day, 7. Organ weight (terminal — d,,)*;
d,d,,d,d,d,d, 8. Visual assessment of fat depots (terminal — d,,);
Tirzepatide (batch 3), 150 pug/kg SC 9. CBC (terminal — d,,);
’ ’ 1 . B : H H — * k.
T3 10 every third day, 0. Blood biochemistry (terminal — d)**;

d,d 11. Liver triglycerides (terminal — d,,).

17

dl4’ d17 dZO' d23

Notes: * — brain, heart, lungs, kidney, salivary glands, pancreas, liver, thymus, spleen, adrenal glands, testes, epididymides, accessory glands,
gastrocnemius muscle, visceral fat; ** — glucose, triglycerides, cholesterol, AST, ALT. Con — control group; MS — metabolic syndrome; CS —
reference drug; T1, T2, T3 — Tirzetta® drug batch; BW — body weight; CBC — complete blood count.

Table 2 — Characteristics of investigated batches of the reproduced drug and comparator product

Drug Name Manufacturer Batch
Tirzetta®, solution for subcutaneous injection, 5 mg/mL (T1) JSC “Biokhimik”, Russia 0OP030524
Tirzetta®, solution for subcutaneous injection, 5 mg/mL (T2) JSC “Biokhimik”, Russia 0OP050524
Tirzetta®, solution for subcutaneous injection, 5 mg/mL (T3) JSC “Biokhimik”, Russia 0OP060524
Mounjaro®, solution for injection, 5 mg/mL (RD) Eli Lilly, USA D665365A
Table 3 — Comparative analysis of effect differences in composite scores
Comparison Difference  95% Confidence Interval p
T1lvs. T2 0,113 -0,527 0,835 0,378
T1lvs. T3 -0,257 -0,883 0,174 0,811
T2vs. T3 -0,147 -0,646 0,227 0,733
@ ® o @ @ ®
VVVVVVV
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0 7 14 21
Day of experiment

| BW, feed, water V
© Glucose

® Euthanasia

PhenoMaster

Figure 1 — Experimental schedule for assessing the effect of tirzepatide on mice with diet-induced metabolic

syndrome.
Note: BW — body weight; PS — physiological solution; GTT — glucose tolerance test; IS — insulin sensitivity.
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Figure 2 — Body weight of mice on a standard diet (K) and fed a “fatty” diet with 30% fructose syrup during

the fattening period (MS).
Note: * — p < 0.05; ** — p < 0.01; *** — p <0.001; **** — p <0.0001; ns — not significant, Sidak’s test.
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Figure 3 — Blood glucose concentration in experimental animals.
Note: A — blood glucose concentration in mice after intragastric administration of 2 g/kg glucose; B — maximum blood glucose concentration;
C — increment of the area under the blood glucose concentration curve. * — p < 0.05; ** — p <0.01; *** — p <0.001; **** — p < 0.0001;
ns — not significant, Sidak’s test.
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Figure 4 — Dynamics of body weight changes in mice during the experiment (A) and by day 18 (B).

Note: $ — significant difference relative to group K; # — significant difference relative to group MS, Sidak’s test.
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relative to group K; # — significant difference relative to group MS, Sidak’s test; P — prior to dosing;
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Figure 6 — Daily feed intake (A, B), average feed intake per feeding episode (C), and number
of feeding episodes (D) in mice during their stay in the PhenoMaster system.

Note: * — p <0.05; ** — p<0.01; *** — p <0.001; ****

group K; # — significant difference relative to group MS, Sidak’s test; P — prior to dosing; A
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— p <0.0001; ns — not significant, Sidak’s test; $ — significant difference relative to
— after dosing.
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Figure 8 — Blood glucose in mice during their stay in the PhenoMaster system.

Note: * — p < 0.05; ** — p <0.01; *** — p < 0.001; **** — p < 0.0001; ns — not significant, Sidak’s test; $ — significant difference relative to
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Figure 9 — Oxygen consumption (A, B) and carbon dioxide production (C, D) during mice’s stay in the

PhenoMaster system.
Note: * — p < 0.05; ** — p <0.01; *** — p <0.001; **** — p < 0.0001; ns — not significant, Sidak’s test; $ — significant difference relative

to group K; # — significant difference relative to group MS, Sidak’s test; P — prior to dosing; A — after dosing.
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Figure 10 — Respiratory quotient (A, B) and heat production (C, D) during mice’s stay in the PhenoMaster

system.
Note: * — p < 0.05; ** — p < 0.01; *** — p < 0.001; **** — p < 0.0001; ns — not significant, Sidak’s test; $ — significant difference relative to
group K; # — significant difference relative to group MS, Sidak’s test; P — prior to dosing; A — after dosing.
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Figure 11 — Dynamics of locomotor activity (A) and its comparative analysis (B) before and during mice’s stay

in the PhenoMaster system.
Note: * — p < 0.05; ** — p < 0.01; *** — p < 0.001; **** — p < 0.0001; ns — not significant, Sidak’s test; $ — significant difference relative
to group K; # — significant difference relative to group MS, Sidak’s test; P — prior to dosing; A — after dosing.
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Effect of tirzepatide drugs on feeding behavior

As shown in Figure 5, feed intake sharply decreased
in animals receiving tirzepatide compared to the
control group and the MS group, regardless of the
type of administered drug: RD or T1-T3. The trend
towards decreased feed intake was most pronounced
immediately after drug administration and faded with
repeated administrations (Fig. 5A). On average, for the
first three tirzepatide administrations, the decrease
in feed intake was 44 + 10 %, 44 + 9%, 51 + 10%, and
60 + 5% for the comparison drug, T1, T2, and T3,
respectively (Fig. 5B). Overall, under the action of
tirzepatide, feed intake was lower than in animals with
untreated MS or control individuals.

We also analyzed the number of feeding episodes
and the amount of food consumed per meal (Fig. 6).
The amount of food consumed per feeding episode
remained relatively stable during the observation
period (Fig. 6A, B). A slight increase in food consumed
per episode presumably reflects the adaptation
of mice to using the unfamiliar feeders of the
PhenoMaster system. The reduction in food intake
was due to a sharp decrease in the number of feeding

Tom 14, Beinyck 1, 2026

episodes (Fig. 6C), which was also reflected
in the increase in
meals (Fig. 6D).
Water/fructose syrup intake during the observation
period in PhenoMaster is shown in Figure 7. The
response to the start of tirzepatide drug administration

was similar to changes

time intervals between

intake: fructose
syrup consumption sharply decreased (Fig. 7A, B)
due to a decrease in the frequency of syrup
intake (Fig. 7C) and an intervals
between drinking (Figure 7D, E), but not a decrease

in food

increase in

in the volume of fluid consumed per drinking
episode (Fig. 7F). No significant differences in drinking
behavior parameters were found between animals
receiving the comparison drug and the studied drugs.
Thus, it can be concluded that the studied
tirzepatide drugs reduced feed and
fructose syrup intake in mice with MS. Mounjaro®
reduced feed intake by 1.5-2.2 times. For Tirzetta®
drugs, a trend towards a greater reduction in feed

intake was observed — by 1.9-2.5 times. The change in

significantly

daily caloric intake was expressed as a decrease in the
frequency of feeding and drinking episodes.
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Effect of tirzepatide drugs

on blood glucose levels

Blood glucose levels were determined during the
period of drug administration. Measurements were
taken the day after administration. The obtained
data are presented in Figure 8. Before substance
administration, blood glucose concentration (non-
fasting) in mice of all groups was similar (Fig. 8A). After
substance administration, blood glucose in groups K
and MS decreased slightly and did not differ between
groups. In mice of groups RD, T1, T2, and T3, blood
glucose sharply decreased after the start of tirzepatide
administration. There were no differences in blood
glucose concentration between animals
groups. The glucose reduction was 48 + 3 % in mice
receiving tirzepatide as part of the comparison drug
(Mounjaro®) and 53 + 4%, 52 + 4%, and 53 + 2 % in
mice receiving the studied tirzepatide drugs (Tirzetta®)
T1, T2, and T3, respectively (Fig. 8B).

in these

Effect of tirzepatide drugs on lipolysis level

Oxygen consumption in animals fed a high-fat
diet and fructose syrup was predictably higher than
in control animals on a standard feed and water. In
MS group animals, oxygen consumption remained
relatively stable throughout the observation period in
PhenoMaster. In groups RD, T1, T2, and T3, after the
start of tirzepatide administration, there was a gradual
decrease in oxygen consumption to values lower than
before administration in mice of the MS group and
even the K group (Fig. 9A, B). The decrease in oxygen
consumption was 26 + 1% in mice receiving the
comparison drug, and 20+ 1%, 24 +2 %,and 22 +2 %
in animals of groups T1, T2, and T3, respectively.

Carbon dioxide production was initially similar
in animals of all groups. After the start of tirzepatide
administration, CO, production in mice of groups RD,
T1, T2, and T3 decreased by 21-26 % (Fig. 9C, D).

The respiratory quotient was 0.81, which correlates
well with the indicators of animals on a standard diet
consisting mainly of carbohydrates with a smaller
proportion of protein and fat. In mice fed a “fatty”
diet, the respiratory quotient was significantly lower,
reflecting the utilization of fats primarily. After the start
of tirzepatide administration as part of the studied
drugs or RD, a further decrease in the respiratory
qguotient was observed, indicating an increase in the
proportion of fats in the substrates utilized during
respiration, presumably related to lipolysis (Fig. 10A,
B). Similar patterns were found when analyzing animal
heat production (Fig. 10C, D).
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Effect of tirzepatide drugs

on locomotor activity in mice

Locomotor activity of mice was recorded in the
PhenoMaster system from day 6 to day 15 of the
experiment, inclusive (two days before and 8 days after
substance administration, de—dls).

Over 10 days of observation, locomotor activity
gradually decreased as animals became accustomed
to the new conditions. Initially, all animals fed a “fatty”
diet were less active than mice on a regular diet.
Within 24 hours after tirzepatide administration as
part of RD or the studied drugs T1, T2, and T3, there
was a decrease in mouse locomotor activity (Fig. 11).
This effect was equally pronounced for all tirzepatide
drugs. Thus, it can be concluded that the decrease in
body weight with tirzepatide intake is not mediated by
increased locomotor activity.

Effect of tirzepatide drugs

on glucose tolerance and insulin sensitivity

Based on the results of the loading tests, it was
concluded that tirzepatide drugs improved glucose
tolerance and insulin sensitivity in mice with metabolic
syndrome (Fig. 12A, B).

During testing at the end of the experiment,
intragastric administration of 2 g/kg glucose caused
a similar rise in blood glucose concentration in
control animals and mice with untreated MS, which is
likely due to the loss of BW in MS mice as a result of
numerous experimental manipulations. In groups
RD, T1, T2, and T3, the rise in blood glucose was
significantly less pronounced. For example, in mice
receiving Mounjaro®, the area under the blood
glucose concentration curve was 27 + 3 % lower than
in mice with untreated MS, and in mice of groups T1,
T2, and T3, it was 23 + 5%, 23 + 3%, and 25 + 4 %,
respectively (Fig. 12A).

In mice receiving Mounjaro®, the area under the
blood glucose concentration curve was 44 + 7 % lower
than in mice with untreated MS, and in mice of groups
T1,T2,and T3, itwas 52+ 6 %,51+6%,and 44 + 7 %,
respectively (Fig. 12B).

Thus, administration of tirzepatide drugs, both
original and generic, equally improved insulin
sensitivity and glucose tolerance in mice with metabolic
syndrome.

Effect of tirzepatide drugs

on visceral fat mass reduction

Visceral fat mass in mice with induced MS
exceeded the values for control group mice on a
normal diet. Administration of tirzepatide drugs
led to a reduction in visceral fat mass by 69 + 8 %
in mice of group RD and by 67 £+ 12 %, 74 + 4 %, and
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73 + 5% in mice receiving drugs T1, T2, and T3,
respectively (Fig. 13A). Similar results were obtained
during visual assessment of subcutaneous and
abdominal fat depot severity in mice (Fig. 13B).

Changes in mass caused by tirzepatide
administration were detected for the heart, lungs, liver,
salivary glands, spleen, epididymis, accessory glands,
and gastrocnemius muscle (Fig. 14).
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Pancreas mass was reduced in all MS mice;
however, tirzepatide administration did not significantly
affect this parameter.

Changes in mass were observed for several organs,
but not in all experimental groups. The masses of the
brain, thymus, and adrenal glands did not change
depending on the induction of metabolic syndrome and
tirzepatide administration.

200 - $
#
—e—
180 J
o0
)
5 i N
£ e
e |
160 H
L]
L]
L]

Con MS RD T1 T2 T3

100 4

0
C Con MS nc T1 T2 T3

50

45 J

S, #
sid | BET
E H

250 -

oo
£ IEE
150 | ﬁ ﬁ

H 100
Con MS RD T1

(mg)

T2 T3

Figure 14 — Mass of the heart (A), lungs (B), liver (C), salivary glands (D), spleen (E), epididymis (F),

accessory glands (G), and gastrocnemius muscle (H) in experimental animals.
Note: $ — p <0.05 vs. group K; # — p < 0.05 vs. group MS, Sidak’s test.
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370 -
$ $
360
=) i
LB
340 4 E
330

Con MS RD T1 T2 T3

Figure 16 — Average hemoglobin content in the erythrocyte mass of experimental animals.
Note: $ — p < 0.05 vs. group K.

Ref T1 T2 LE]

Pancreas

) oW
M vs. Ko ey
it
i

&
«d

5 0 S 5 0 5 5 0 S 0
Cohen’sd Cohen’sd Cohen’sd Cohen’sd
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the control group (Con) and the group of mice with untreated metabolic syndrome (MS), grouped by clusters.

Effect of tirzepatide drugs

on liver triglyceride content

Liver triglyceride content in mice with untreated
MS was 56 £ 6 % higher than in control individuals
receiving standard feed (Fig. 15A). In the livers of mice
receiving tirzepatide, triglyceride content was lower
than in mice with untreated MS by 20 + 4 %, 30 + 4 %,
20 £+ 4%, and 28 + 3 % for groups RD, T1, T2, and T3,
respectively. Liver triglyceride content did not differ
between mice receiving different tirzepatide drugs.

Serum triglyceride concentration did not differ
significantly between experimental groups of mice.
Serum cholesterol was elevated in all mice with
induced MS but did not differ between mice receiving
tirzepatide and placebo, which serves as a marker of
drug safety (Fig. 15B). Glucose concentration in mice
receiving tirzepatide was lower than in individuals with
MS receiving placebo and did not differ depending on
the tirzepatide drug used (Fig. 17C). Thus, tirzepatide
demonstrated pronounced efficacy in normalizing
hepatic steatosis and hyperglycemia, along with a good
safety profile regarding blood lipid content, suggesting

Tom 14, Beinyck 1, 2026

that tirzepatide is compatible with hypocholesterolemic
drugs.

Additionally, to assess the toxic effect of tirzepatide
on the liver, ALT and AST concentrations were
measured in mouse serum. No significant effect of MS
and tirzepatide on these parameters was found.

Effect of tirzepatide drugs

on hematological parameters

The study results revealed a significant difference
between the control and experimental groups in
hemoglobin content in the erythrocyte mass (Fig. 16).

Other hematological parameters did not differ
significantly between the animal groups.

Comparative analysis of drug effect magnitudes

Figure 17 shows the effect magnitudes of the
studied drugs (T1, T2, T3, RD) in comparison with the
control and untreated MS groups.

For each of the 53 parameters, two types of
comparisons were calculated:

1) relative to control (vs. Con) — drug effect on
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healthy animals (reflects impact on a healthy organism,
potential side effects);

2) relative to untreated animals with metabolic
syndrome (vs. MS), reflecting efficacy. The full data
matrix contained (53 parameters) x (4 groups: RD, T1,
T2, T3) x (2 comparison types) = 424 Cohen’s d values.

Effect coefficient values were chosen arbitrarily,
prioritizing efficacy (70 %). It should be noted that
modeling CS changes with different weight values for
the indicators used in its calculation (in increments of
0.01) showed that the choice of drug (T1, T2, or T3) was
independent of the weight values.

Differences in calculated metrics did not
reach statistical significance based on one-way
and multifactorial analysis of variance. Bootstrap

analysis results are in good agreement with ANOVA
results (Table 3).

As an alternative method for comparing data,
the structure of drug effects (structure of Cohen’s
d values) on the studied indicators was assessed.
Clustering of effects in a two-dimensional space
(d vs. Con, d vs. MS) is shown in Figure 18. Each of
the 53 parameters is represented as a point in a two-
dimensional coordinate space (d_vs_Con, d_vs_MS).
Algorithm: random selection of 4 initial centroids,
iterative assignment of points to the nearest centroid,
and recalculation of centroids as the mean of current
clusters until convergence (parameters in R: nstart = 30,
iter.max = 100, ensuring a global optimum).

When comparing the profiles of effects in this
space, as well as based on the results of topological
analysis of the effect matrix and the space of three
statistical difference metrics between the studied
drugs (T1, T2, T3) and the comparison drug (PS), no
differences were found.

Thus, in terms of in vivo effects, Tirzetta® and
Mounjaro® drugs are bioequivalent.

DISCUSSION

This  study conducted a  comprehensive
comparative evaluation of the efficacy of three batches
of the generic drug Tirzetta® (T1, T2, T3) and the
reference drug Mounjaro® (RD) in a mouse model of
MS. The study covered a wide range of indicators of
energy metabolism, morphofunctional parameters, and
biochemical characteristics.

The most pronounced effect of all tirzepatide drugs
was a significant reduction in BW [8-10]. The dynamics
of BW change showed a progressive decrease, starting
from the first day of drug administration. By day 18
of the experiment, BW reduction was 25.9 + 1.1%
for Mounjaro® and up to 28.2 + 1.1 % for Tirzetta®. It
is important to note that BW reduction was mediated
by lipolysis activation and fat mass loss without signs
of emaciation or deterioration of the animals’ general
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condition, indicating the physiological nature of this
process. Such a mechanism of action is a unique feature
of tirzepatide compared to GLP-1 agonists, which are
characterized by a pronounced decrease in muscle
mass, requiring dietary adjustments and increased
physical activity [8—-10].

The results of feeding behavior analysis revealed
that the reduction in BW was due to a substantial
decrease in the intake of both standard feed and
fructose syrup. These changes were observed equally
for Tirzetta® and Mounjaro®.

The results of indirect calorimetry are of particular
significance, providing a complete picture of the
metabolic changes underlying the reduction in BW [11].
Oxygen consumption decreased in all groups receiving
tirzepatide: by 26 + 1% for Mounjaro® and up to
24 £ 2 % in Tirzetta® groups.

Similar dynamics were observed for carbon dioxide
production. The most informative indicator was the
decrease in the respiratory quotient from 0.73 in the
untreated group to 0.68-0.69 in all treatment groups,
indicating a shift in energy metabolism towards
lipolysis [12]. These data fully correlate with the
decrease in fat depot mass: visual and instrumental
assessments showed a significant reduction in fat
accumulation in all studied locations in animals
receiving tirzepatide compared to the untreated MS
group. Statistically significant differences between
Mounjaro® and Tirzetta® drugs were absent.

A comprehensive assessment of glycemic
status using various methodological approaches
demonstrated high consistency of results. In vivo

measurements of blood glucose concentration over
time revealed a pronounced hypoglycemic effect
of all tirzepatide drugs, achieving normoglycemia
by the end of the observation period. It should be
noted that under Tirzetta® intake, the hypoglycemic
effect was more pronounced. Glucose concentration
reduction was 48 + 3 % for Mounjaro® and 53 + 4%
for Tirzetta®. The glucose tolerance test demonstrated
a significant improvement in glucose tolerance in all
groups receiving tirzepatide, with normalization of
glucose utilization kinetics. The area under the glucose
concentration curve was comparable for Mounjaro®
and Tirzetta®. The insulin sensitivity test revealed
restoration of insulin tolerance equally for Mounjaro®
and Tirzetta®. Terminal glucose concentration
measurements fully confirmed the in vivo monitoring
data, showing a decrease in glycemia in all treatment
groups without intergroup differences.

Biochemical analysis of liver tissue revealed a
pronounced hypolipidemic effect of all tirzepatide
drugs. Triglyceride concentration decreased from
5.66 + 0.23 to 4.54 + 0.22 mmol/g for Mounjaro®
and to 4.55 + 0.19 mmol/g for Tirzetta®, indicating

Volume X1V, Issue 1, 2026



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2026-14-1-109-132

correction of hepatic steatosis. The activity of liver
transaminases (AST, ALT) remained within physiological
limits in all treatment groups, confirming the absence
of hepatotoxic effects and good tolerability of all
studied drugs.

Hematological parameters showed no significant
changes in any of the tirzepatide-receiving groups.
The number of erythrocytes, leukocytes, platelets,
hemoglobin level, and hematocrit remained within
reference values, confirming the absence of systemic
toxic effects and good tolerability of all studied drugs.
Our data are supported by several preclinical studies
of tirzepatide, which, in addition to weight loss, show a
positive trend in increased glucose tolerance [13, 14].

Morphometric analysis of internal organs showed
that changes in their absolute mass were primarily due
to a decrease in adipose tissue [15, 16], rather than
direct drug effects on the organs.

The study by J.O.A. Bittencourt et al. (2025) also
investigated the therapeutic potential of tirzepatide
in a mouse model combining obesity and type 2
diabetes mellitus [17]. For 4 established groups, a high-
fat and sucrose diet was administered for 12 weeks.
Animal therapy involved tirzepatide administration
(10 nmol/kg/day) for 4 weeks. In mice of
2 experimental groups (obesity+T2DM), BW increased
1.3-fold compared to the control group. Tirzepatide
normalized BW and reduced relative BW by 25 %.
Histological and molecular analyses showed that
tirzepatide reversed the whitening of brown adipose
tissue, restored the morphology of multilocular
adipocytes, and increased the expression of key
thermogenic markers. Another study by T. Ma et al.
(2025) on flying squirrels, comparing the effects of
semaglutide, tirzepatide, and physiological saline,
also confirms this. Both studied drugs showed similar
effects—it was found that both semaglutide and
tirzepatide increased insulin sensitivity, improved
metabolism, and promoted weight loss [18].

The obtained results demonstrate the high efficacy
of Tirzetta® and Mounjaro® drugs in correcting the
main manifestations of MS. The mechanism of action
includes reduced appetite and food intake, activation
of lipolysis with a shift in energy metabolism towards
fat oxidation, improved glycemic control and insulin
sensitivity, and normalization of lipid profile [19,
20]. The observed effects were equally pronounced
for Tirzetta® and Mounjaro® drugs, indicating their
bioequivalence.

Previously, we showed the equivalence of
physicochemical properties and biological activity
of Tirzetta® and Mounjaro® [5]. It should be noted
that according to the results of the physicochemical
property study, Tirzetta® contains 4.2 times fewer
impurities than Mounjaro®, which suggests greater
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safety for Tirzetta®. It is necessary to consider that the
treatment of type 2 diabetes and obesity is long-term.
Moreover, taking such drugs may become lifelong [21].
Organic impurities, such as phenol and benzyl alcohol,
can accumulate in the body during long-term therapy,
potentially leading to toxicity [22].

As a result of additional analysis of integral effect
magnitudes (Cohen’s d), performed on the entire set of
parameters, an aggregated assessment was obtained
based on a composite index including parameters of
efficacy, safety, and selectivity, which allowed not only
guantitative comparison of the structural similarity
of profiles but also identification of characteristic
differences at the level of effects not visible in
traditional significance testing.

Comparison of drug effect magnitudes allows for
guantitative assessment of therapeutic efficacy, safety,
and dose-dependency in the target organism. Metrics
RE (relative efficacy), SS (safety assessment), Sel
(selectivity), and CS (composite score), calculated based
on Cohen’s d, provide a standardized multifactorial
assessment of drugs in in vivo studies. They allow
ranking compounds by a combination of therapeutic
effects, toxicity, and specificity [23].

This approach solves the problem of subjectivity
in comparing drug effects by translating differences
into a universal scale of standard deviations [24].
This is particularly relevant in in vivo studies where
analytes (e.g., tumor growth or biomarkers) have
different units of measurement and variances.
Without standardization, p-value only shows statistical
significance, without considering the magnitude of
the effect. Thus, a drug may be significantly better
by one criterion, but in practice, this difference,
although statistically significant, is still small and has
no therapeutic benefit [24, 25]. When analyzing the
effect magnitudes of Tirzetta® and Mounjaro® s,
they were found to be equivalent—differences in
effect magnitudes did not reach statistical significance
(MANOVA p = 0.977; bootstrap analysis p > 0.05).

Study Limitations

Although the use of multiple methodological
approaches ensures a high degree of reliability of the
study results, it is necessary to note several limitations
that should be considered when interpreting the
results. For instance, experimental animal models
have species-specific metabolic characteristics that can
influence the pharmacokinetic and pharmacodynamic
parameters of drugs [26]. Nevertheless, the
combination of in vitro, in vivo, and physicochemical
analysis methods provides a comprehensive
characterization of the drugs and high reliability of
conclusions about drugs bioequivalence, meeting
current regulatory requirements.
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CONCLUSION

Based on the results of the comprehensive
study, it has been established that the drug Tirzetta®
(manufacturer: LLC “PROMED RUS”, Russia) does
not differ from the reference drug Mounjaro®
(manufacturer: Eli Lilly, USA) in all studied indicators
of efficacy and safety. At the same time, the drugs
demonstrated a favorable safety profile without signs of
toxic effects. No statistically significant differences were
found between Tirzetta® batches either. All studied
drugs demonstrated comparable hypophagic effects
with body weight reduction of 26-28 %, pronounced

hypoglycemic properties with a decrease in blood
glucose concentration of 48-53 %, a positive impact on
lipid metabolism, and improved glucose tolerance and
insulin sensitivity. Tirzepatide promoted lipolysis and
preferential reduction of body fat mass, confirming its
targeted efficacy. Such selective reduction of the lipid
component is particularly important for physiological
weight loss, minimizes the risk of sarcopenia, and
preserves functional muscle tissue—a key factor for
long-term metabolic improvement and quality of life.

Thus, Tirzetta® can be considered a therapeutic
analog of Mounjaro® drug.
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