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The aim of the study was to evaluate a cerebroprotective activity of the sitagliptin and aminoguanidine combination in rats
with an acute and chronic cerebral circulation insufficiency, as well as with a traumatic brain injury.

Materials and methods. The study was carried out on male Wistar rats in 3 stages using, respectively, a model of a chronic
pathology: a chronic cerebral circulation insufficiency (CCCI), as well as 2 models of the acute brain injury (Bl): an acute
cerebral circulation insufficiency (ACCI), and a traumatic brain injury (TBI). A CCCl was modeled by a bilateral stenosis of the
common carotid arteries (by 50%), a model of a hemorrhagic stroke caused by an intracerebral injection of the autologous
blood was used as a stroke, a TBI was modeled by a mechanical damage to the brain tissue. To assess the pathology
course severity, the following tests were used: Adhesion test, Open field, Morris water maze test, as well as Garcia and
Combs&D’Alecy scales. In the animals with an acute damage to the brain at the end of the experiment, the severity of edema
of the affected hemisphere was also determined. The treatment was with sitagliptin (10 mg/kg), aminoguanidine (25 mg/kg),
or a combination thereof. The obtained data were subjected to the statistical processing.

Results. In the course of the study, it was found out that the administration of a sitagliptin and aminoguanidine combination,
unlike each of the components, had a cerebroprotective effect in the animals with a chronic or acute damage to the brain,
reducing the severity of psychoneurological (cognitive and sensory-motor) disorders, as well as the brain edema.
Conclusion. Aminoguanidine, as an iNOS blocker, enhances the action of sitagliptin, preventing the brain edema development
and reducing the neurological deficit severity (the severity of cognitive and sensory-motor impairments) in the animals with
an acute and chronic cerebral circulation insufficiency.

Keywords: DPP-4 inhibitors; sitagliptin; preclinical studies; acute and chronic cerebral circulation insufficiency; traumatic
brain injury

Abbreviations: iNOS — inducible nitric oxide synthase; mNSS — modified Neurological Severity Score; NO — nitric oxide (l1);
HS — hemorrhagic stroke; GLP-1 — glucagon-like peptide-1; iDPP-4 — inhibitors of dipeptidyl peptidase-4; SGLT-2 — sodium-
glucose linked transporter-2; BP — blood pressure; CVDs — cerebrovascular disorders; ACCl — acute cerebral circulation
insufficiency; CCAs — common carotid arteries; CCCl — chronic cerebral circulation insufficiency; TBI — traumatic brain injury;
ED — endothelial dysfunction.
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Lienb. OueHWTb LepebponpoTeKTOPHYO aKTUBHOCTb KOMBOMHALMM CUTAIMATUHA C aMUHOTYaHUANUHOM Y KpPbIC C OCTPbIM U
XPOHUYECKUM HapyLLeHNEM MO3rOBOro KpOBOODOPALLEHUS, @ TaKKe YepernHOo-MO3roBOI TPaBMOA.

Marepuanbl u meToapbl. ViccnegoBaHve NnpoBeAeHO Ha Kpbicax-camuax vHum Wistar B 3 aTana ¢ Mcnoib3oBaHMeEM MOAenu
XPOHWYECKOM NAaTONOMMMU: XPOHUYECKOE HapyLleHne MO3roBoro KpoBoobpalueHus (XHMK), a Takke 2-x mogenei ocTporo
noBpexaeHus ronosHoro mosra (FM) — ocTpoe HapylieHue Mo3roBoro KposoobpalueHus (OHMK) u yepenHo-mo3rosas
Tpasma (YMT). XHMK moaenvpoBanu ABYCTOPOHHUM CTEHO3MpPOBaHMEM OBLIMX COHHbIX apTepuii (Ha 50%); B KauecTBe
OHMK ucnonb3oBann moaenb remopparMyeckoro MHCY/bTa, BbI3BAHHOFO BHYTPMMO3rOBOW MHbEKLUMeN ayTokposu; YMT
MOAENNPOBANIN MEXAaHUYECKMM MoBpexaeHnem TKaHu M. [na OUEHKM TAMKEeCTU TeYeHWs NaToNorMu MCMosib30Banu
cnepyrowme TecTbl: «AaresvBHbIN TecT», «OTKpbIToe none», «BoaHbIM NabupuHT Moppuca», a TakKe LWKanbl Garcia u
«Combs&D’Alecy». Y KMBOTHbIX C OCTPbIM NoBpexkaeHuem MM B KOHLE 3KCNepUMeHTa onpeaensinn BblparKeHHOCTb OTeKa
nopakeHHoW remucdepbl. B Kayectse neyeHMs BBOAWUAWU cUTArAMNTMH (10 mr/Kr), amuHOryaHuguH (25 mr/Kr) mam mx
KOMBUHaLMIo. NonyyeHHble faHHble NoABEPrasncb CTaTUCTUYECKON 06paboTKe.

Pe3ynbratbl. B X04€ nccnenoBaHua 6b110 YCTaHOBMEHO, YTO BBeAeHMEe KOMOUHALMM CUTAIMNTUHA C aMUHOTYaHUANHOM, B
OT/IYMeE OT AEeNCTBUA KaXKA0ro U3 KOMMNOHEHTOB MO OTAE/IbHOCTM, OKa3blBaNo LepebponpoTeKTopHOe AEUCTBUE Y UBOTHbIX
C XPOHUYECKUM MW OCTPbIM BapMAHTOM NOBPeXAeHUA M, CHWUKan BblPaXKEHHOCTb MCUXOHEBPONOTUYECKMX (KOTHUTUBHbIX
N CEHCOPHO-MOTOPHbIX) HapyLIEHWI, a TaKKe oTéKa M.

3akntoueHne. AMUHOTyaHUAUH Kak 610kaTtop iNOS ycunuBaeT gencrsve cUMTarIMNTMHA, NPeaoTBpaLLan pasBUTUE OTEKa
M 1 ymeHblan BbIPAaXXEHHOCTb HEBPO/OrMYeckoro aeduumra (Bblpa’KEHHOCTb KOTHWUTUBHBLIX M CEHCOPHO-MOTOPHbIX
HapyLWeHMI), Y }KMBOTHbIX C OCTPOW MU XPOHUYECKON HEAOCTAaTOYHOCTbIO MO3rOBOIO KPOBOOBpaLLLEeHUA.

KnioueBble cnoBa: MHrM6uTops! AMMN-4; CUTarUNTUH; AOKAMHUYECKUE UCCNEA0BaHNA; OCTPbIE U XPOHUYECKME HapYyLIEHUA
MO3roBOro KpoBoOb6palLeHUA; YepenHo-Mo3roBas TpaBma

Cnucok cokpaweHmit: iNOS — nHayumbenbHasa cMHTasa okcuaa asota; mMNSS — WKana OUEHKU TAXKECTU HEBPOIOTMYECKOM
cumnTomatnkm; NO — okeung, asoTa (I1); T — remopparnyecknin MHcynbT; TM — ronosHoi mo3r; [MM-1 — ratoKaroHonog06HbIN
nentmg-1; nAMNnN-4 — nHrnbutopsbl aunenTuaunnenTuaasbl-4; HI/IT-2 — HaTPUIA-TIIOKO3HbIMA KOTpaHCNopTep 2-ro Tvna;
HMK — HapyweHua mo3roBoro KposoobpatyeHus; Al — apTepuanbHoe gasneHme; OHMK — ocTpoe HapylleHne Mo3roBoro
KpoBoobpaueHns; OCA — obuwaa coHHaa apTtepusa; XHMK — XpoHWYecKoe HapylleHWMe MO3roBOro KpOBOOOpalLEeHUS;
YMT — yepenHo-Mo3roBas TpaBma; 3L, — saHAOTeNMaNbHAA ANCHYHKLUA.
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INTRODUCTION

In the Russian Federation, a number of patients
suffering from a chronic cerebral circulation insufficiency
(CCCI) reaches at least 700 cases per 100 000 people.
The CCCI manifests itself as a diffuse and gradually
increasing deterioration in the blood supply to the brain
tissue, which contributes to the formation of cognitive
and sensory-motor disorders. The pharmacotherapy
of CCCl is aimed at improving hemoperphysis and
metabolism of the nervous tissue, as well as reducing
the inflammation [1]. Various types of an acute cerebral
circulation insufficiency (ACCI) are widely spread. They
are characterized by a pronounced neurological deficit,
a high mortality, and require a long-term rehabilitation
with the possibility of using neuroprotective drugs with
a polytargeted mechanism of action (anti-inflammatory,
antioxidant, vasodilating, etc.).

In 2010 and 2015, there were 5.406 and 6.240 million
stroke deaths worldwide, respectively. At the same
time, a significant mortality — about 60% — is caused
by a hemorrhagic stroke (HS), which makes up 10-15%
of all types of a cerebral circulation insufficiency (CCl)
[2, 3]. Its most significant risk factors are a history of CCl,
a high blood pressure (BP), and diabetes mellitus (DM)
[4]. The problem of a traumatic brain injury (TBI) is also a
serious challenge for modern medicine, especially given
a limited number of available and effective treatments
that take into account pathogenetic mechanisms
(inflammation, edema, etc.) [5].

The consequence of TBI, as well as that of acute
acute CCI (ACCI) and chronic CCI (CCCI), is the formation
of neurological disorders, different in spectrum and
severity, leading to a director disability and a decrease in
the quality of life, i.e. a cognitive impairment (problems
with memory, attention and learning), sensory, motor
and other disorders. DM, which is pandemic in nature,
significantly complicates the course severity and worsens
the prognosis of acute and chronic brain pathologies
associated with both a CCl and TBI [4, 6]. In this regard,
there is a need for drugs with a cerebroprotective
potential that can improve the course prognosis of
various types of brain injuries, which can also be used
in DM.

Currently, a wide range of drugs that can improve
a person’s intellectual and mental abilities to varying
degrees, including cases of the brain tissue damage, is
available. However, their effectiveness does not fully
meet the expectations of specialists, therefore, the
search for new compounds and approaches, the use of
which would reduce the incidence of dementia, increase
the resistance of brain tissues to various adverse factors,
facilitate and/or accelerate their recovery after various
types of traumatic brain injuries, continues.

Over the past 10 years, the interest of specialists
in drugs from the group of incretin mimetics has not
decreased. The clinical data indicate a reduction in
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the risk of occurrence and severity of cardiovascular
complications in the patients with type 2 diabetes
(myocardial infarction and a stroke) when using
primarily analogues of glucagon-like peptide-1 (GLP-1).
The open pleiotropic properties of incretin mimetics
are only partially associated with a hypoglycemic
effect, and their basis is multidirectional effects due to
the wide prevalence of the GLP-1 receptor in the body
and, accordingly, the consequences of its activation [7,
8]. Dipeptidyl peptidase-4 (iDPP-4) inhibitors, having a
moderate antihyperglycemic activity, are ones of the
most affordable and sought-after drugs from the group
of incretin mimetics, and are being actively studied in
the form of new fixed combinations [9].

Aminoguanidine is an inhibitor of the end products
glycation formation and an inducible isoform of nitric oxide
synthase (iNOS), the activity of which is accompanied
by a number of positive effects, but mainly it underlies
the pathophysiological processes that make up the
essence of most cardiovascular diseases [10]. Given
a significant negative role of iNOS in the pathogenesis
of a CCl, a decrease in the activity of this enzyme can
be an effective way to treat this group of pathologies.
Many experimental studies have shown a pronounced
protective effect of aminoguanidine [11-14] in various
CCls, accompanied by an iNOS activation, tissue hypoxia
and edema.

Initially, aminoguanidine was developed as
an antiglycation agent with a target positioning
for use in diabetic nephropathy [15]. Despite the
termination of the clinical studies due to doubts
about their safety and lack of efficacy, the potential
of aminoguanidine as a promising molecule for the
prevention and treatment of DM and its vascular
complications, including combinations with other
antihyperglycemic agents, remains undiscovered. As
indicated above, aminoguanidine showed a pronounced
cerebroprotective effect in various experimental CCl
models, cardio- and cerebroprotective potential, not
associated with their hypoglycemic effect, was also
proven for iDPP-4. Based on this, it seems appropriate
to evaluate the possibility of their combined use in
preclinical studies in order to correct the consequences
of a CCl and in conditions of an acute TBI.

THE AIM of the study was to evaluate a
cerebroprotective activity of the sitagliptin and
aminoguanidine combination in rats with an acute and
chronic CCl, as well as with a TBI.

MATERIALS AND METHODS

Model objects

All experiments were performed in accordance
with the legislation of the Russian Federation
(GOST R 53434-2009, GOST R 51000.4-2011) and the
technical standards of the Eurasian Economic Union
for good laboratory practice. The design of the study
was approved by the Regional Independent Ethics
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Committee, the registration number IRB 00005839
IORG 0004900 (OHRP), as evidenced by an extract from
Protocol No. 132 dated May 20, 2019 of the meeting
of the Commission for Expertise of the Study at
Volgograd State Medical University.

The work was performed on 150 male Wistar
rats (aged 5-6 months, body weight of 300 g, the
“Rappolovo” nursery for laboratory animals). After the
arrival from the nursery, the animals were quarantined
for 14 days in the vivarium of Volgograd State Medical
University, where they were kept throughout the
experiment at 20+2°C under conditions of 40-60%
humidity and an alternating day/night cycle (12/12 h)
with an unlimited access to food and water.

All surgical procedures were performed using
combined anesthesia: zoletil 20 mg/kg (Zoletil®100,
Valdepharm, France) + xylazil 8 mg/kg (Xyla, Interchemie,
Netherlands), intraperitoneally. The eyes of the animals
were closed during the operation, and blepharogel was
applied to them to prevent the cornea from drying out.
After the operation, the wounds were irrigated with
a solution of chlorhexidine (0.05%); the edges were
sutured with a continuous surgical suture.

Pathology modeling

CCCl simulation by stenosis of common

carotid arteries [16]

After isolating the common carotid arteries (CCA),
the vessels were tied to a nylon thread of a given
diameter, and then it was removed so that the vessel
could fill the vacated space, which would allow the
blood flow to be restored by only 50%. The blood flow
velocity was assessed using dopplerography polygraph
MP150 with an LDF100C module (Biopac Systems, USA).

Modeling of hemorrhagic stroke by intracerebral

injection of autologous blood [17]

An anesthetized animal was fixed in a stereotaxic
apparatus (Shenzhen RWD Life Science Co, China) using
a tooth holder and ear fixators. The wool cover was
shaved off over the parietal bone. After processing the
surgical field with a scalpel, a skin incision along the
midline above the bregma (8—-10 mm long) was made.
Using a RESTAR-03 drill (RESTAR, Russia), a cranial
foramen 1 mm in diameter was drilled at the level of the
bregma (3.5 mm lateral to the midline) in the left coronal
suture. Next, 100 pl of blood was taken from the tail vein
into a tuberculin syringe without anticoagulant, fixed in
a stereotaxic apparatus, and slowly injected through the
cranial foramen under the brain membranes using a 29G
needle.

Modeling of traumatic brain injury

To simulate an acute TBI, after a similar preparation
of the surgical field, according to the stereotaxic
coordinates, a hole was drilled in the parietal bone (g

Tom 11, Beinyck 2, 2023

4 mm) using a drill, after which the brain tissue was
injured with a modified mandrin knife.

Determination of pathological changes severity

and treatment effectiveness

A neurological deficit in the animals with an acute
pathology (a stroke and a traumatic brain injury)
was assessed using the following scales: the 9-point
“Combs&D’Alecy” scale and the Garcia scale [18,
19]. The “Combs&D’Alecy” scale was used to detect
extrapyramidal disorders, including tests to assess a
muscle strength, a tenacity-traction and the animals’
balance. A lower total score corresponds to more
pronounced neurological disorders. According to the
Garcia scale, the severity of the following indicators
was determined: a muscle tone, a motor activity, basic
physiological reflexes, a coordination of movements,
and a tactile sensitivity. For each test, the following
scores were assigned: 3 points — normal, 2 points — a
slight violation of symmetry, 1-0 points — pronounced
violations or a lack of movements.

A psychoneurological deficit in the CCCI animals
was assessed using the modified Neurological Severity
Score (mNSS) [18]. This scale is scored on a variety of
parameters, including a muscle strength, motor skills,
a sensory function, and a motor coordination. The
maximum number of points is 14, the minimum is 0. The
higher the total score on the mNSS scale is the severer
the neurological deficit is considered.

Sensory-motor disorders (sensitivity and fine motor
skills of the forelimbs) were assessed using an Adhesive
test [18, 20]. As a foreign object, square pieces of the
adhesive tape (5 mm?, Veropharm, Russia) were quickly
glued to the volar surface of the animal’ forelimbs. The
severity of sensory-motor disorders was judged by the
time of detection and removal of the adhesive plaster
from the paws by the animals.

Motor disorders were assessed in the Open field
test, in which a spontaneous motor activity was judged
by the number of sectors crossed during 3 min, and an
orienting-exploratory activity was judged by the sum of
the stands and peeps into the holes.

The hydration degree of the brain tissues was
determined as follows: the cerebral hemispheres were
dissected into ipsi- and contralateral (left and right)
parts, the affected hemisphere was weighed and dried
in a thermostat at 100°C for 24 h to determine the water
content procentage according to the formula:

wet weight - dry weight
= g Y WO« 100%

wet weight

The cognitive functions of the CCCl animals were
evaluated in the Morris Water Maze test [18, 21], which
is designed to study the formation of the spatial memory.
The installation is a water pool, divided into 8 designated
zones (4 main and 4 additional; Fig. 1), in the center of
one of which there is a platform submerged 1 cm into
the water, and on the walls of the installation (at points
“N”, “E”, “S”, “W”) visual landmarks are fixed.

107



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

The scheme of the experiment is the following:
according to the certain scheme, during 4 training
days (4 attempts per day), an animal was placed in the
water at the distance of 10 cm from the maze wall and
the latent period of the flooded platform was recorded
(Fig. 1). The test sessions lasted for 1 min with a break
between the sets of 30 sec. If the rat did not find the
platform within 1 min, it was lured to the platform and
left on it for 15 sec.

Study design

The study was performed in 3 series (Fig. 2): in
the 1% series, CCCl was modeled by stenosis of the
CCAs by 50%, the treatment was started 40 days after
the operation and continued for 21 days. In the 2™
and 3" series of the experiment, the animals were
simulated an acute brain injury by the methods of
creating TBI or a HS; the treatment was started on
the 2" day after the operation and carried out for
14 days; the severity of symptoms of a neuropsychiatric
deficit in all the series was assessed before and after
the treatment. Sitagliptin (Januvia, 10 mg/kg/day, per
os) or aminoguanidine (Sigma, 25 mg/kg/day, i.p.) or
their combination was administered as a treatment
(dose, regimen, and route of administration for each
drug remained unchanged). At the end of the study, the
severity of cognitive impairment in the Morris Water
Maze test was determined in the CCCl animals, and the
severity of brain edema was determined in the animals
with an ACCI — after euthanasia.

In each series of the studies, the animals were
divided into equal (n=10) groups: intact, ACCI/CCCl+
placebo (0.9% NaCl) - “Placebo”, ACCI/CCCl+
sitagliptin — “Sit”, ACCI/CCCl+aminoguanidine — “Amg”,
ACCI/CCCl+sitagliptin+aminoguanidine “Sit+Amg”.
The doses of the substances were selected taking into
account the literature data [22, 23].

Euthanasia

In accordance with Directive 2010/63/EU of the
European Parliament and the Council of the European
Union on the protection of animals used for scientific
purposes dated September 22, 2010, the animals were
euthanized after the completion of the experiment by
placing them in a CO, chamber.

Statistical processing

Statistical processing of the obtained results was
carried out by methods of descriptive and analytical
statistics using Prism 6 Software (GraphPad Software
Inc., USA). The distribution of quantitative indicators
was assessed using the Shapiro-Wilk test. The intergroup
differences were assessed using a one-way analysis of
variance with the Newman-Keuls post hoc test. The
differences were considered significant at p <0.05. The
numerical values were presented as the arithmetic mean
and the standard error of the arithmetic mean (Me+m).

RESULTS
A partial ligation of the CCAs by 50% caused
pronounced symptoms of a psycho-neurological deficit
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in the animals, which manifested themselves on the 61st
day of the experiment in the form of an increase in the
neurological deficit score on the mNSS scale (4.2+2.1
vs 0.1+0.1; p <0.05), a motor decrease (18.6+7.1 vs
49.8+15.5; p <0.05), and an exploratory activity (3.1+0.5
vs 7.5£1 .6; p <0.05), the latent period of detection and
removal of foreign objects from the palms of the animals
forelimbs. In these animals, cognitive impairments
have been also noted, since they memorized the
location of the flooded platform in the Morris Water
maze test much longer (54.9+12.9 vs 22.1+7.2; p <0.05,
respectively). The animals with partially ligated OSAs
and administered with sitagliptin or aminoguanidine for
21 days, had less expressed neuropsychiatric symptoms
than those treated with placebo, but the results of the
study show that these drugs are not effective enough.
When a combination of these drugs was administered
to the animals with partially ligated CCAs, the symptoms
of a psychoneurological deficit, indicators of motor and
orienting-exploratory activities, fine motor skills and a
cognitive dysfunction were less pronounced, while the
differences with the indicators of the animals that had
been injected with placebo were statistically significant
(p <0.05). That makes it possible to judge on the
presence of cerebroprotective properties of the studied
combination (Table 1).

Theanimalsthathad been modeled foranacute brain
injury resulting from the TBI or a HS showed pronounced
disorders that manifested themselves as symptoms of a
neurological deficit according to the Combs&D’Alecy and
Garcia scales, decreased motor and orienting activities,
and impaired fine motor skills of the forelimbs. (Table 2).
Inthese animals, a higher water contentin the brain tissue
was also recorded. In the animals that had been injected
with sitagliptin or aminoguanidine after modeling the
TBI or a HS, the indicators of a neuropsychiatric deficit
did not significantly differ from those recorded in the
placebo group. With the administration of these drugs
combination, the symptoms of a psychoneurological
deficit, as well as the brain edema degree, were
significantly lower compared to the group without any
treatment in conditions of both pathologies. The results
obtained indicate a significant protective effect of the
sitagliptin and aminoguanidine combination in the
animals with an acute brain injury (ACCI and TBI).

DISCUSSION

Given the disappointing dynamics of the spread of
carbohydrate metabolism disorders and obesity, the
burden of DM and, accordingly, its complications will
increase. Despite significant advances in pharmacology
(development of new classes of antihyperglycemic
drugs — sodium glucose cotransporter type 2 (SGLT-2)
inhibitors, GLP-1 and GLP-1/GIP agonists), the therapy
(development of new algorithms and tactics of patients
with diabetes’ treatment) and a diagnosis (an early
detection, an available screening), the effectiveness
of the diabetes treatment and the prevention of its
complications remain insufficient.
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of landing sites for animals during training in Morris Water Maze
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Note: CCAs — common carotid arteries, CCCl — chronic cerebral circulation insufficiency, ACCI — acute cerebral circulation insufficiency, Sit —
sitagliptin, Amg — aminoguanidine.
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Table 1 - Indicators of psychoneurological deficit in CCCl animals
. CCCl+
Indicator Intact - -

Placebo Sit Amg Sit+Amg
mNSS scale, points 0.1+0.1%* 4.2+2.1 1.2+0.4* 1.1+1.2 0.5+0.8%*
Open field MA 49.8+15.5* 18.6%7.1 27.3+8 25.6+5.4 35.8+7.8*

OEA 7.5+1.6* 3.1+0.5 3.4+1.3 3.9+1.6 3.2+¢1.2
Adhesive test  Average sticker detection 10.9+5.8* 101.2+41.6 41.7+17.6* 48.4+31.6 33.6+£15.8*
time, sec
Average sticker removal 11.2+6.3* 114.2+49.4 43.3+15.7* 53.8+32.2 39.1+11.9*
time, sec
Morris Water Day 1, search time, sec 72.3+5.6* 95.8+15.1 89.4+10.7 82.8+5.7 86.8+9.5
Maze Day 2, search time, sec 59.1+8.2 69.7+19.3 79.4+11.2 69.749.5 59.9+7.5
Day 3, search time, sec 56.3+12.3 57.1+11.1 69.9+10.7 52.1+8.5 45.1+7.9*
Day 4, search time, sec 32.3+7.3% 51.8+14.3 49.4+10.8 49.8+4.9 37.1+5.2*

Note: MA — motor activity, OEA — orienting-exploratory activity, CCCl — chronic cerebral circulation insufficiency, Amg — aminoguanidine, Sith —
sitagliptin, * — differences with the placebo group are significant at p <0.05.

Table 2 - Indicators of psychoneurological deficit in animals with acute brain injury (ACCI and TBI)

Neurological deficit,

. Open field Adhesive test
points Water
Left paw Right paw content in
Group Combs & e ipsilateral to lesion Contralateral to lesion affected
X arcia - - - - .
D’Alecy Scale MA OEA Sticker Sticker Sticker Sticker hemisphere,
Scale detection removal detection removal %
time, sec  time, sec time, sec time, sec
Intact 9+0.0* 18+0.0% 42.4+8.2*% 25.4+1.6* 15.8+1.1* 23.9+1.4%* 14.8+1.3* 19.2+1.2* 76.32+0.03*
TBl+placebo 3+0.1 8.710.4 5.1+0.9 5.2+0.3 123.6+15.3 135.9+14.5 180.0+0.0 180.0+0.0 78.58+0.15
TBI+Sit 3.1+0.2 8.7+0.3 4.0+1.2 1.9+0.4 91.1+14.1* 102.1+12.7* 180.0+0.0 180.0+0.0 78.88+0.21
TBI+AMG 3.210.2 8.8+0.4 5.2+1.3 1.2+0.2 99.6+12.4 108.9+11.5 180.0+0.0 180.0+0.0 78.19+0.13*
;I:;S'H 4.9+0.2* 9.9+0.5 20.5+2.9*% 10.5+0.3* 92.9+14.4* 102.7+22.2 180.0+0.0 180.0+0.0 77.83%0.12%*
Intact 9+0.0¥  18+0.0* 45.2+1.8* 19.4+1.8* 13.9+1.4* 15.8+1.1* 14.8+1.8* 19.2+1.9* 76.06%+0.13*
glca\f::bo 3+0.3 8.5+0.6  5.5+0.9 3.810.4 91.2+11.3 96.8412.1  180.0+0.0 180+0.0 79.12+0.15
ACCI+Sit 3.9+0.2 9.6%0.3 4.8%0.6 3.2+0.6 80.8+12 83.4£18.2  128.2+10.1* 180+0.0 78.59+0.19*
ACCl+Amg 3.0+0.4 8.7%0.6 5.8+0.3 2.2+0.5 81.8+11 85.9+14.7 135.348.1* 180+0.0 78.49+0.29%*
2;Cgl+5|t+ 4.8+0.2*% 10.9+0.5* 25.0+1.7* 15.1+2.3* 52.5+11.6* 63.6+11.4* 66+11.8* 75.248.1* 78.05+0.24*

Note: TBI—traumatic brain injury, t — time, MA — motor activity, OEA — orienting-exploratory activity, ACCI — acute cerebral circulation insufficiency,
Amg — aminoguanidine, Sit — sitagliptin, * — differences with the placebo group are significant at p <0.05.

It is obvious that a compensation of carbohydrate
metabolism disorders is the key to the effective
prevention of DM complications, but for various reasons,
only a small proportion of patients with this diagnosis
can reach and maintain the glycemic values set by the
doctor. The low availability of modern highly effective
antihyperglycemic drugs, as well as the presence of side
effects that limit patient adherence to the treatment,
are significant obstacles to attempts to manage DM.

The main cause of death in DM remains its
cardiovascular complications, the leading cause of
which is an endothelial dysfunction (ED) formed
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under the influence of chronic hyperglycemia and, as
a consequence, microcirculation disorders. Even an
accidental TBl in DM is much severer, with a higher risk
of disability or death [6]. A chronic inflammation and
oxidative stress do not only damage the endothelium,
exacerbating its dysfunction, but also increase an iNOS
expression, which plays a significant negative role under
these conditions.

The production of nitric oxide by inducible synthase
(iNOS) significantly exceeds that of other isoforms. In
addition to the participation of NO in the process of
the synthesis and secretion of insulin, microcirculation,
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this molecule is involved in maintaining homeostasis
of all body tissues. High concentrations of NO, arising
from the activation of iNOS, have a negative effect on
the cardiovascular system, increasing an ED. The iNOS
activity suppression may play a positive role in relation
to the ED and functioning of the insular apparatus [10].

Over the years, various approaches to modulate
the iNOS activity — blocking the production of ROS in
the upstream direction, the introduction of BH4, the
introduction of folic acid for recycling BH2 to BH4, the use
of arginase inhibitors, resveratrol, calcium dobesilate,
cavnoxin, NOS transcription enhancers (AVE3085 and
AVE9488), L-arginine, blockers and activators of various
NOS — have been developed [10], but none of them is
widely used in medical practice.

Aminoguanidine was developed as a drug for
the treatment of diabetes and its complications
(nephropathy). This drug combines several potentially
valuable properties, i. e., the ability to reduce the iNOS
activity and reduce the accumulations of advanced
glycation end products. Aminoguanidine was withdrawn
from the promotion on the pharmaceutical market for
reasons that can be currently revised from the standpoint
of modern requirements (changes in indications,
additional studies) and opportunities (a molecule
optimization, additional studies according to protocols
using modern methods of collecting and processing
information). Aminoguanidine is also interesting from
the point of view of the results of preclinical studies of
its cerebroprotective properties in various disorders of
cerebral circulation, which is of a high value considering
the causes and consequences of diabetes complications.

DPP-4 inhibitors are the first representatives of
the class of antihyperglycemic drugs, the mechanism
of action of which is associated with the effect on
the incretin system, which is involved not only in the

regulation of the carbohydrate metabolism, but has also
a number of unrelated effects. So, for incretin mimetics
to a greater (GLP-1 agonists) or less (iDPP-4) degree,
cerebro-, cardio- and endothelioprotective properties
have been established [24].

A creation of combined drugs, along with the
development of an original drug or its analogue, a new
dosage form, a new indication for use, is one of the
winning strategies for obtaining a new pharmaceutical
product.

Taking into account a wide range of pleiotropic
iDPP-4 effects, the list of which is expanding with
the accumulation of experience in clinical use, to
evaluate a cerebroprotective effect of the sitagliptin
and aminoguanidine combination was considered
appropriate.

In this study, cerebroprotective effects of the
sitagliptin and aminoguanidine combination were
established in models of an acute and chronic CCl, and it
was found that the protective effect of the combination
significantly exceedsthe effects of the drugs administered
separately, which indicates synergism due to different
exposure targets and, accordingly, effects.

CONCLUSION

A combined use of sitagliptin and aminoguanidine
has a cerebroprotective effect in a CCl, reproduced
by stenosis of the CCAs by 50% and an acute brain
injury, reproduced by the application of the TBI
or an experimental HS, reducing the severity of
neuropsychiatric deficit symptoms, improving cognitive
functions and reducing the severity of cerebral
brain edema. The sitagliptin and aminoguanidine
combination can become the basis for the development
of a new promising approach to the treatment of DM
and its complications.

FUNDING
The work was supported by the Russian Science Foundation (Project No. 20-75-10013).

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHORS’ CONTRIBUTION
Denis V. Kurkin, Andrey V. Strygin — idea and study planning, graphic material design, approval of the manuscript
final version; Tamara M. Andriashvili, Alina A. Sokolova, Nikita S. Bolokhov, Vladislav E. Pustynnikov,
Evgeny A. Fomichev — pathology modeling, experimental work; Evgeny I. Morkovin, Anna V. Kasparova,
Sarkis S. Polodyants — statistical data processing, graphic material design, text editing; Dmitry A. Bakulin,
Yulia V. Gorbunova, Alexandra V. Baskova — collection and analysis of literature data, manuscript writing.
All authors made a substantial contribution to the conception of the work, acquisition, analysis, interpretation
of data for the work, drafting and revising the work, final approval of the version to be published and agree
to be accountable for all aspects of the work.

Tom 11, Beinyck 2, 2023

111



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

10.

11.

12.

112

REFERENCES

Soloveva EYu, Amelina IP. Cerebral small vessel disease’s
impact on the development of chronic cerebral ischemia:
paradigms of treatment. Medical Council. 2020;(2):16-24.
DOI: 10.21518/2079-701X-2020-2-16-24. Russian
Machinskiy ~ PA,  Plotnikova NA, Ul'yankin  VE,
Kemaykin SP, Rybakov AG. Comparative characteristics
of the indicators of mortality and letality from ischemic
and hemorrhagic insult in Russia. University proceedings.
Volga region. Medical sciences. 2019;3(51):101-18.
DOI: 10.21685/2072-3032-2019-3-10. Russian

Feigin VL, Krishnamurthi RV, Parmar P, Norrving B,
Mensah GA, Bennett DA, Barker-Collo S, Moran AE,
Sacco RL, Truelsen T, Davis S, Pandian JD, Naghavi M,
Forouzanfar MH, Nguyen G, Johnson CO, Vos T, Meretoja A,
Murray CJ, Roth GA; GBD 2013 Writing Group; GBD 2013
Stroke Panel Experts Group. Update on the Global Burden
of Ischemic and Hemorrhagic Stroke in 1990-2013: The
GBD 2013 Study. Neuroepidemiology. 2015;45(3):161-76.
DOI: 10.1159/000441085

Voronina VP, Zagrebelnyi AV, Lukina YuV, Kutishenko NP,
Dmitrieva NA, Lerman OV, Lukyanov MM, Okshina EYu,
Blagodatskikh SV, lvanova LP, Boytsov SA, Drapkina OM,
Martsevich SYu. Features of cerebral stroke course
in patients with diabetes mellitus according to the
REGION-M  register. Cardiovascular Therapy and
Prevention. 2019;18(5):60-5. DOI: 10.15829/1728-8800-
2019-5-60-65. Russian

Galgano M, Toshkezi G, Qiu X, Russell T, Chin L, Zhao LR.
Traumatic Brain Injury: Current Treatment Strategies and
Future Endeavors. Cell Transplant. 2017 Jul;26(7):1118-30.
DOI: 10.1177/0963689717714102

Lustenberger T, Talving P, Lam L, Inaba K, Bass M, Plurad D,
Demetriades D. Effect of diabetes mellitus on outcome
in patients with traumatic brain injury: a national
trauma databank analysis. Brain Inj. 2013;27(3):281-5.
DOI: 10.3109/02699052.2012.743178

Ametov AS, Nevolnikova AO, Tertychnaya EA. The potential
of GLP-1 receptor agonists in reducing cardiovascular risk
in patients with type 2 diabetes mellitus: what’s new?
Endocrinology: News, Opinions, Training. 2019;8(3):44-53.
DOI: 10.24411/2304-9529-2019-13005. Russian
Tyurenkov IN, Bakulin DA, Kurkin DV, Volotova EV.
Neuroprotective properties of incretin mimetics in brain
ischemia and neurodegenerative diseases. Problems
of Endocrinology. 2017;63(1):58-67. DOI: 10.14341/
probl201763158-67

Kurkin DV, Bakulin DA, Morkovin EI, Strygin AV,
Gorbunova YuV, Volotova EV, Makarenko IE, Saparova
VB, Drai RV, Petrov VI. Physiology, pharmacology and
prospects for dipeptidilpeptidase-4 inhibitors use.
Pharmacy & Pharmacology. 2023;11(1):19-47.
DOI: 10.19163/2307-9266-2023-11-1-19-47

Kurkin DV, Abrosimova EE, Bakulin DA, Kovalev NS,
Dubrovina MA, Borisov AV, Strygin AV, Morkovin El,
Tyurenkov IN. Activity modulation of various nitric oxide
syntases as an approach to endothelial dysfunction
therapy. Pharmacy & Pharmacology. 2022;10(2):130-53.
DOI: 10.19163/2307-9266-2022-10-2-130-153

Vakili A, Zahedi-Khorasani M. Effect of aminoguanidine
on post-ischemic damage in rodent model of stroke. Pak J
Pharm Sci. 2008 Jan;21(1):24-8.

Vakili A, Hosseinzadeh F, Sadogh T. Effect of aminoguanidine

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

on post-ischemic brain edema in transient model of focal
cerebral ischemia. Brain Res. 2007 Sep 19;1170:97-102.
DOI: 10.1016/j.brainres.2007.07.016

Pérez-Asensio FJ, Hurtado O, Burguete MC, Moro MA,
Salom JB, Lizasoain |, Torregrosa G, Leza JC, Alborch E,
Castillo J, Knowles RG, Lorenzo P. Inhibition of iNOS
activity by 1400W decreases glutamate release and
ameliorates stroke outcome after experimental ischemia.
Neurobiol Dis. 2005 Mar;18(2):375-84. DOI: 10.1016/j.
nbd.2004.10.018

Sugimoto K, ladecola C. Effects of aminoguanidine on
cerebral ischemia in mice: comparison between mice
with and without inducible nitric oxide synthase gene.
Neurosci Lett. 2002 Oct 4;331(1):25-8. DOI: 10.1016/
s0304-3940(02)00834-0

Thornalley PJ. Use of aminoguanidine (Pimagedine) to
prevent the formation of advanced glycation endproducts.
Arch Biochem Biophys. 2003 Nov 1;419(1):31-40.
DOI: 10.1016/j.abb.2003.08.013

Kurkin DV, Morkovin El, Verkholyak DV, Bakulin DA,
Volotova EV, Tyurenkov IN. Changes in cerebral blood
flow in rats with experimental stenosis of common carotid
arteries. Journal of Volgograd State Medical University.
2017;1(61):36-9. Russian

Wu G, Bao X, Xi G, Keep RF, Thompson BG, Hua Y. Brain
injury after intracerebral hemorrhage in spontaneously
hypertensive rats. J Neurosurg. 2011 Jun;114(6):1805-11.
DOI: 10.3171/2011.1.JNS101530

Kurkin DV, Bakulin DA, Morkovin El, Kalatanova AV,
Makarenko IE, Dorotenko AR, Kovalev NS, Dubrovina MA,
Verkholyak DV, Abrosimova EE, Smirnov AV, Shmidt MV,
Tyurenkov IN. Neuroprotective action of Cortexin,
Cerebrolysin and Actovegin in acute or chronic brain
ischemia in rats. PLoS One. 2021 Jul 14;16(7):e0254493.
DOI: 10.1371/journal.pone.0254493

Dayneko AS, Shmonin AA, Shumeeva AV, Kovalenko EA,
Melnikova EV, Vlasov TD. Assessment of neurological
deficitin the early and late phase after a 30-minute of focal
cerebral ischemia in rats. Regional blood circulation and
microcirculation. 2014;13(1):68-78. DOI: 10.24884/1682-
6655-2014-13-1-68-78. Russian

Bouet V, Boulouard M, Toutain J, Divoux D, Bernaudin M,
Schumann-Bard P, Freret T. The adhesive removal test:
a sensitive method to assess sensorimotor deficits in
mice. Nat Protoc. 2009;4(10):1560-4. DOI: 10.1038/
nprot.2009.125

Vorhees CV, Williams MT. Morris water maze: procedures
for assessing spatial and related forms of learning and
memory. Nat Protoc. 2006;1(2):848-58. DOI: 10.1038/
nprot.2006.116

Han W, Li Y, Cheng J, Zhang J, Chen D, Fang M, Xiang G,
Wu Y, Zhang H, Xu K, Wang H, Xie L, Xiao J. Sitagliptin
improves functional recovery via GLP-1R-induced anti-
apoptosis and facilitation of axonal regeneration after
spinal cord injury. J Cell Mol Med. 2020 Aug;24(15):
8687-702. DOI: 10.1111/jcmm.15501

Sugimoto K, Yagihashi S. Effects of aminoguanidine on
structural alterations of microvessels in peripheral nerve
of streptozotocin diabetic rats. Microvasc Res. 1997
Mar;53(2):105-12. DOI: 10.1006/mvre.1996.2002
Ametov AS, Kamynina LL, Akhmedova ZG. Cardioprotective
Effects of Glucagon-Like Peptide 1 Receptor Agonists.
Kardiologiia 2014;54(7):92-6. DOI: 10.18565/
cardio.2014.7.92-96

Volume XI, Issue 2, 2023


https://doi.org/10.21518/2079-701X-2020-2-16-24
https://doi.org/10.15829/1728-8800-2019-5-60-65
https://doi.org/10.15829/1728-8800-2019-5-60-65
https://doi.org/10.14341/probl201763158-67
https://doi.org/10.14341/probl201763158-67
https://doi.org/10.19163/2307-9266-2023-11-1-19-47
https://doi.org/10.19163/2307-9266-2022-10-2-130-153
https://doi.org/10.24884/1682-6655-2014-13-1-68-78
https://doi.org/10.24884/1682-6655-2014-13-1-68-78

Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOTUA

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2023-11-2-104-113

AUTHORS

Denis V. Kurkin — Doctor of Sciences (Pharmacy),
Associate Professor, Professor of the Department of
Clinical Pharmacology and Intensive Care of Volgograd
State Medical University. ORCID ID: 0000-0002-1116-
3425. E-mail: strannik986@mail.ru

Dmitry A. Bakulin — Candidate of Sciences
(Medicine), senior researcher of the laboratory of
cardiovascular medications, Scientific Center of Drug
Research, Volgograd State Medical University. ORCID ID:
0000-0003-4694-3066. E-mail: mbfdoc@gmail. com

Evgeny |. Morkovin — Candidate of Sciences
(Medicine), Associate Professor, head of the
laboratory of neuropsychotropic drugs, Scientific
Center of Drug Research, Volgograd State Medical
University. ORCID ID: 0000-0002-7119-3546. E-mail:
e.i.morkovin@gmail.com

Yulia V. Gorbunova - Candidate of Sciences
(Pharmacy), Associate Professor of the Department of
Clinical Pharmacology and Intensive Care of Volgograd
State Medical University. ORCID ID: 0000-0002-1116-
3425. E-mail: yvgorbunova@yandex.ru

Andrey V. Strygin — Candidate of Sciences
(Medicine), Associate Professor, Deputy Director of
the Scientific Center of Drug Research, Volgograd State
Medical University. ORCID ID: 0000-0002-6997-1601.
E-mail: drumsav@mail.ru

Tamara M. Andriashvili — research student,
Department of Clinical Pharmacology and Intensive Care
of Volgograd State Medical University. ORCID ID: 0000-
0002-0983-666X. E-mail: tamuna.andriashvili@yandex.ru

Tom 11, Beinyck 2, 2023

Alina A. Sokolova — research student, Department
of Clinical Pharmacology and Intensive Care of Volgograd
State Medical University. ORCID ID: 0000-0002-5116-
8458. E-mail: chudi.lis.14@gmail.com

Nikita S. Bolokhov — research student, Department
of Clinical Pharmacology and Intensive Care of Volgograd
State Medical University. ORCID ID: 0000-0002-2458-
5731. E-mail: neekit.main@gmail.com

Vladislav E. Pustynnikov — research student,
Department of Clinical Pharmacology and Intensive Care
of Volgograd State Medical University. ORCID ID: 0000-
0001-9561-5320. E-mail: pustynnikov200122 @gmail.com

Evgeny A. Fomichev — research student, Department
of Clinical Pharmacology and Intensive Care of Volgograd
State Medical University. ORCID ID: 0000-0003-1837-
4337. E-mail: fomichevWSMU@gmail.com

Aleksandra V. Baskova — 5% vyear student,
Department of Dentistry of Orel State University n.a.
I.S. Turgenev. ORCID ID: 0009-0005-7573-1638. E-mail:
baskova_a@internet.ru

Sarkis S. Polodyants — 5% year student, Faculty of
Dentistry, Kuban State Medical University. ORCID ID:
0009-0003-5406-4878. E-mail: vip.polodyants@mail.ru

Anna V. Kasparova — 5" year student, Faculty
of Dentistry, Pyatigorsk Medical and Pharmaceutical

Institute — branch of Volgograd State Medical
University.ORCID ID: 0009-0002-7292-5451. E-mail:
anyakasparova@yandex.ru

113


mailto:tamuna.andriashvili@yandex.ru
mailto:chudi.lis.14@gmail.com
mailto:neekit.main@gmail.com
mailto:pustynnikov200122@gmail.com
mailto:fomichevVSMU@gmail.com

RESEARCH ARTICLE Scientific and Practical Journal

PHARMACY &
ISSN 2307-9266 e-ISSN 2413-2241 PHARMACOLOGY

‘ M) Check for updates ‘ (cc)

Development of composition and technology for obtaining
antimicrobial composition based on mono- and sesquiterpenoids
E.V. Lakomkina?, G.A. Atazhanova?, S.B. Akhmetova?, I.N. Zilfikarov*3*

! Medical University of Karaganda,

40, Gogol Str., Karaganda, Republic of Kazakhstan, 100000

2 All-Russian Scientific Research Institute of Medicinal and Aromatic Plants (VILAR)”,
Bldg 1, 7, Grin Str., Moscow, Russia, 117216

3 Maikop State Technological University”,

191, Pervomaiskaya Str., Maykop, Russia, 385000

4 Closed Joint Stock Company «VIFITECH»,

22, Skobelevskaya Str., Moscow, Russia, 117624

E-mail: yankovskaya@qgmu.kz

Received 20 Jan 2023 After peer review 20 April 2023 Accepted 05 May 2023

The article reflects the results of the essential oils selection for the compositions with antibacterial and antifungal properties.
The technology of their production is represented.

The aim of the work was the development of technology and the study structure of new essential oils compositions with
antibacterial and antifungal activities.

Material and methods. The following plants have been used in the work: the herb of Hyssopus ambiguus (Trautv.) Iljin,
the herb of Thymus crebrifolius Klokov, the herb of Thymus marschallianus Willd, the herb of Thymus serpyllum L., and the
essential oils obtained from them. The composition of the essential oils was determined by Gas Chromatography Mass
Spectrometry. The main physical and chemical parameters of the compositions were evaluated in accordance with the
requirements of the Russian State Pharmacopoeia, the XIVt" edition. The tests for the antimicrobial activity were carried
out using the strains of Staphylococcus aureus ATCC 6538, Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922, Candida
albicans ATCC 10231.

Results. Compositions with an activity against microorganisms Staphylococcus aureus, Bacillus subtilis, Escherichia coli and
fungi Candida albicans have been obtained and studied. The composition based on essential oils of Hyssopus ambiguus
(Trautv.) lljin and Thymus marschallianus Willd. contained 139 components, the main ones of which are eucalyptol (6.51%)
and terpinen-4-ol (1.95%). The composition of essential oils of Hyssopus ambiguus (Trautv. Iljin) and Thymus crebrifolius
Klokov contained 137 components (eucalyptol (20.37%), terpinen-4-ol (7.03%), T-muurol (2.28%), y-terpinene (2.23%),
B-myrcene (2.09%), etc.). The composition of the essential oils of Hyssopus ambiguus (Trautv.) lljin and Thymus serpyllum L.
contained 149 components (the main ones are eucalyptol (7.33%) and a-terpineol (0.9%)).

Conclusion. The technology has been proposed and the structure of the essential oils compositions with antibacterial and
antifungal activities has been established.

Keywords: essential oils; isoprenoids; essential oils composition; technology; antibacterial and antifungal activities
Abbreviations: SP — State Pharmacopoeia; RK — Republic of Kazakhstan; RF — Russian Federation; BAS — biologically active
substances; MPRMs — medicinal plant raw materials; EOs — essential oils; IgA — immunoglobulin A; PhM — pharmacopoeial
monograph; GPhM — general pharmacopoeial monograph.
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antimicrobial composition based on mono- and sesquiterpenoids. Pharmacy & Pharmacology. 2023;11(2):114-126. DOI: 10.19163/2307-9266-
2023-11-2-114-126
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B cTaTbe oTparkeHbl pe3ynbTaTbl NoAb0opa 3GUPHbIX Macen A4 KOMMO3ULLUIA C aHTUBAKTepUaibHbIMU U NPOTUBOFPUOKOBLIMM
cBoicTBamu. MNpueeaeHa TEXHONOTUA UX NOAYYEHUA.

Lienb. PazpaboTka TEXHONOMMU U U3yYeHNe COCTaBa HOBbIX KOMNO3UL I 3PUPHbIX Maces, 0bnasatowmx aHTMbaKTepranbHOM
1 MPOTUBOIPUOKOBOI aKTUBHOCTbLIO.

Matepuan u metoabl. B pabote MCNoAb30BaHbI: TpaBa MCcCOMa COMHUTENbHOrO (Hyssopus ambiguus (Trautv.) lljin), Tpasa
TMMbAHA Yactonuctoro (Thymus crebrifolius Klokov), Tpasa TumbaHa Mapwanna (Thymus marschallianus Willd.), Tpasa
TUMbsiHa nonsyyero (Thymus serpyllum L.), n nonyyeHHble U3 HUX 3dUpHble Macna. CocTaB aGUPHbLIX Macen onpeaensinm
MEeTOAOM Fa30BOM XpomaTorpadum C Macc-CnekTpanbHOM peTekumen. OCHOBHble (PU3UKO-XMMUYECKME MoKasaTenu
KOMMO3MLMI OLEeHWBann cornacHo TpeboBaHuAm [ocynapcTBeHHoM dapmakonen Poccuiickon ®epepaummn XIV u3g,
McnbiTaHWA Ha aHTUMUKPOBHYIO aKTMBHOCTb MPOBOAWMAU C MPUMEHEHMeM LWTammoB Staphylococcus aureus ATCC 6538,
Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922, Candida albicans ATCC 10231.

Pe3synbratbl. MosyyeHbl U UCCAefoBaHbl KOMMO3UUUKM, 06MafatolMe aKTUBHOCTbIO B OTHOLIEHUU MWUKPOOPraHW3MOB
Staphylococcus aureus, Bacillus subtilis, Escherichia coli v rpubkos Candida albicans. Komno3uuma Ha OCHOBE 3pUPHbIX
Macesn Uccona COMHUTENbHOTO M TUMbAHA MapLlanna cogepkana 139 KOMNOHEHTOB, M3 KOTOPbIX OCHOBHbIE — 3BKAINMTON
(6,51%) n TepnuHeH-4-on (1,95%). Komno3muma ns 3pUpPHbLIX Macen Mccorna COMHUTENbHOTO M TUMbSHA YacTONCTOrO
cogeprana 137 komnoHeHToB (3BKanunton (20,37%), TepnuHeH-4-on (7,03%), T-myypon (2,28%), y-tepnuHeH (2,23%),
B-mupueH (2,09%) n ap.). Komnosnums 13 aduUpHbIX Macen Mccorna COMHUTENLHOTO U TUMbAHA NOA3yYero coaepxana 149
KOMMOHEHTOB (OCHOBHble — 3BKanunton (7,33%) n a-tepnuHeon (0,9%)).

3aKknoueHue. [pegnoxeHa TEXHONOMMA WM YCTAHOBAEH COCTaB 3PUPHOMACAUYHBIX KOMMO3ULMUNA,
aHTMBaKTepManbHOM N NPOTUBOTPUBKOBOIN aKTUBHOCTbIO.

KntoueBble cnoBa: a¢pupHble macia; M3onpeHouabl; SGUPHOMACIUYHAA KOMNO3ULMSA; TEXHONOTUA; aHTUBAKTEPUANbHAA U

obnagatowmx

NPOTUBOrPUBKOBas aKTUBHOCTb

Cnucok cokpauweHumii: [ — locyaapctBeHHaa dapmakonesn; PK — Pecnybavka KasaxctaH; P® — Poccuiickaa ®epepaums;
BAB — 610N0rMYeckn akTMBHbIe BelecTBa; JIPC — nekapcTBeHHOe pacTutenbHoe cbipbe; JIMN — NeKapCcTBeHHbIM Npenapar;
3M — adupHble macna; IgA — uMmyHornobynuH A; ®C — dapmakoneiiHas ctatba; OPC — 0bLwan dapmakonenHas cTaTbs.

INTRODUCTION

To date, one of the actively developing scientific
areas is the development of new medicinal drugs
(MDs) intended for the treatment and prevention of
the upper respiratory tract infections, using innovative
technologies and based on natural biologically active
substances (BASs) of the plant origin. The essential oils
(EOs), complex multicomponent mixtures consisting
mainly of isoprenoids, are known to have a wide range
of pharmacological activities, in particular, they are able
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to effectively inhibit the development of pathogenic
microflora, and therefore they are of great interest for
the development of new drugs [1-4].

Mono- and sesquiterpenoids are the main part
of EOs; oxygen-containing derivatives are the rest.
Due to the content of phenols, terpenes, alcohols,
aldehydes and flavonoids, EOs are able to have
bactericidal and bacteriostatic effects, an antiviral
effect, and exhibit an antifungal activity. EOs have an
immunomodulatory effect, strengthen cell membranes,
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and increase the antioxidant activity of blood
plasma [5-8].
Numerous studies by domestic and foreign

scientists prove the effectiveness of a number of EOs
in relation to viral, bacterial and fungal agents. Antiviral
and antimicrobial effects, as well as a restorative effect
on the protective barriers of the upper respiratory tract,
have biologically active substances of the representatives
of the following families: Adoxaceae, Acoraceae,
Amaryllidaceae, Asteraceae, Betulaceae, Fabaceae,
Ericaceae, Hypericaceae, Salicaceae, Zingiberaceae,
Onagraceae, Cupressaceae, Alliaceae, Myrtaceae,
Parmeliaceae, Rosaceae, Polemoniaceae, Pinaceae,
Lamiaceae, etc. [9-12].

The components of the EOs that exhibit antiviral and
antibacterial actions are phenolic compounds (thymol,
carvacrol, eugenol, etc.), terpene alcohols (linalool,
geraniol, and menthol), aldehydes (neral, geranial,
and citronellal), ketones (thujone, fenchon, carvone,
pinocamphone, camphor, menthon, etc.), esters
(anethole, estragol and others) [13-16].

The use of EOs and the drugs based on them in
respiratory infections has a great potential and requires
further research due to the problem of their increasing
antibiotic resistance, because they are able to exert an
antimicrobial effect without causing the development
of resistance in microorganisms, unlike antibiotics and
antiviral chemotherapy drugs [17].

The EOs inhalation is one of the effective methods
for preventing colds [18-21]. They do not cause any
resistance; have expectorant and secretolytic effects;
increase the production of immunoglobulin A (IgA),
which helps to increase immunity; favorably affect the
symptoms of SARS; increase the activity of the ciliary
epithelium of the nasal cavity [22].

In order to develop a new medicinal product
with antimicrobial properties, combinations of the
EOs obtained from MPRMs of the Lamiaceae plants
growing on the territory of the Republic of Kazakhstan
(RK), i. e, Hyssopus ambiguous (Trautv.) lljin, Thymus
marschallianus Willd., Thymus serpyllum L. and Thymus
crebrifolius Klok. were studied.

THE AIM of the work was the development of
technology and the study structure of the new essential
oils compositions with antibacterial and antifungal
activities.

MATERIALS AND METHODS

Objects of study

The objects of the study were the EOs compositions,
made up on the basis of the results of microbiological
studies in compliance with the rules for compiling EOs
compositions in aromatherapy. The samples of the
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MPRMs were collected during the flowering period. It
is during this period that the EOs of these plants have
the most suitable qualitative and quantitative
components composition. In all the cases, the areal part
was used.

The confirmation of the species affiliation
of producing plants was carried out with the
participation of Professor of the Department of Botany
MJYu. Ishmuratova; the plant samples were deposited in
the herbarium of the Faculty of Biology and Geography
of Karaganda University named after E.A. Buketov
(Karaganda, RK). Previously, MPRMs passed a radiation
control and a test for heavy metals. When studying
these species, for the first time, a morphological and
histochemical study of the herb of Hyssopus ambiguus
(Trautv.) lljin) was carried out [23].

Methods for obtaining EOs

EOs were obtained in a setup consisting of a reaction
round-bottomed flask with a capacity of 1 dm3, a bent
steam pipe, a refrigerator, a receiver with a drain cock,
and a drain pipe. About 15-20 g of raw materials were
placed in a flask, 300 ml of water was added, the flask
was connected through a thin section to a steam pipe
and filled with water through a tap using a hose with a
funnel. The contents of the flask were heated and boiled
at the intensity at which the distillate flow rate was 60—65
drops per 1 min for 2 h. The EOs volume was measured
5 min after the end of the distillation. The percentage
content was determined by the volumetric method. For
each name of the medicinal plant, the production of
EOs was carried out separately and until at least 10 ml
of each studied object was obtained, that was sufficient
to study the physical and chemical properties and the
production of samples of the studied compositions.
The output of EOs for each of the used types of plant
materials is presented in Table 2.

The EOs samples were dissolved in n-hexane
(50 ml); the solution was kept with anhydrous
magnesium sulfate for 1 h, then filtered through filter
paper and evaporated under vacuum on a Stegler
XD-52AA rotary evaporator (Russia) until the organic
solvent was completely removed.

Determination of the component composition

of essential oils compositions

The following essential oils compositions were used
in the work: composition 1 “hyssop dubious+Marshall’s
thyme”, composition 2 “hyssop dubious+Mother-of-
thyme” and composition 3 “hyssop dubious+creeping
thyme”.

The component of the EOs compositions was
determined by GC-MS according to the requirements of
the State Pharmacopoeia of the Republic of Kazakhstan
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(SP RK, Vol. 1 (2.2.28))%. For the analysis, an Agilent-
7890A chromatograph (Agilent Technologies, USA)
with a capillary column HP-5 ms 30 mx0.25 mm (film
thickness 0.25 um) and in combination with a selective
mass spectral detector 5975C was used. The results
obtained were processed using the Agilent ChemStation
software and the EOs components were identified using
the NIST-2017 mass spectrum library.

The EOs in the amount of 150 pl was dissolved in
800 ul of the solvent (chloroform for composition 1 and
70% ethyl alcohol for compositions 2 and 3) and stirred
until the oil was completely dissolved. The analysis was
carried out using a temperature program: starting from
+70°C for 2 min, then raising the temperature at the rate
of 20°C/min to +270°C (holding for 30 min). The carrier
gas was helium. The injector temperature was +250°C;
the detector temperature was +230°C. Mass spectra
were recorded using an ionization energy of 70 eV and a
separation temperature of +280°C; the acquisition mass
range was M/z 10-650.

Study of antimicrobial activity of essential

oils compositions

The analysis of the EOs antimicrobial activity,
compositions and results was carried out at the
Department of Biomedicine in the microbiological
laboratory of Medical University of Karaganda (RK).
The following materials were used in the work:
Chistovich’s nutrient media, meat-peptone agar,
Endo’s medium, Sabouraud’s medium, blood agar:
museum culture strains of Staphylococcus aureus,
Bacillus subtilis, Ecsherichia coli, Candida albicans; the
disks manufactured by Bioanalyse Limited (Turkey)
impregnated with  benzylpenicillin  sodium salt
(1 U/disk), ampicillin trihydrate (25 pg/disk), nystatin
(100 pg/disk) and fluconazole (10 pg/disk) to determine
the sensitivity of microorganisms to antibiotics; a
ruler-template for measuring the zones size of the
growth inhibition of microorganisms (PW096), size —
370%x65 mm (HiMedia Laboratories Pvt. Limited, India);
a densimeter to determine the concentration of culture
in saline.

An antimicrobial activity was determined in
accordance with the requirements of the SPh of the
Republic of Kazakhstan according to the method
for determining the sensitivity to antibiotics by the
microbiological method, i.e., the agar diffusion method?.

For the cultivation of Staphylococcus aureus,
Chistovich’s medium was used; for Escherihia coli, it was

! State Pharmacopoeia of the Republic of Kazakhstan. Vol. 1; Almaty:
Zhibek Zholy Publishing House; 2008, 592 p. Available from: https://
pharmacopoeia.ru/wp-content/uploads/2017/01/Gosudarstvennaya-
farmakopeya-Respubliki-Kazahstan-PDF.pdf

2 |bid.
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Endo’s medium; for Bacillus subtilis, it was meat-peptone
broth; for Candida albicans - Saburo’s medium was used.
According to the methods used, daily cultures diluted in
saline were used. Filter paper discs impregnated with
an undiluted essential oil composition were placed on
one segment of the Petri dish; the discs with the control
preparation (benzylpenicillin sodium salt, nystatin)
were placed on the other. Taking into account that
medicinal products containing the studied EOs in their
composition are not represented on the market of
the RK, it was decided to use a cosmetic product with
antimicrobial properties as a comparison drug, i. e, the
“Breathe”/“Dyshi” spray (ser. 061022, manufacturer JSC
“Akvion”, Russia).

Petri dishes with bacterial cultures were placed in
a thermostat for 24 h and incubated; for bacteria, the
temperature regime was +36(+1)°C, for fungi of the
genus Candida — +28°C. The zones of the microorganism
growth absence were determined with a special ruler-
template. The diameters of the growth inhibition zones
less than 10 mm and a continuous growth in the cup
were evaluated as the absence of the antimicrobial
activity, 1015 mm — as a weak activity, 15-20 mm — as
a moderately pronounced activity, more than 20 mm —a
pronounced one.

Standardization of resulting essential

oils compositions

The above essential oils compositions were tested
in accordance with the requirements of the Russian
State Pharmacopoeia XIV edition (hereinafter SP RF
XIV ed.), GPhM.1.5.2.0001.15 Essential oils®.

Description. The essential oils compositions were
placed in a transparent glass cylinder with a diameter
of 3 cm, the mobility of the liquid and their color
were determined in the transmitted diffused daylight.
The odor determination was as follows: about 0.1 ml
(2 drops) of the EOs composition was applied to a strip
of filter paper 12 cm long and 5 cm wide so that the oil
did not wet the edges of the paper, then the odor was
evaluated every 15 minutes.

Authenticity. Its determination was carried out by
high-performance gas chromatography in accordance
with the requirements of GPhM.1.2.1.2.0004.15 Gas
chromatography (see “Determination of the component
composition of essential oils compositions”). To
establish the authenticity of essential oils compositions,
relative retention times of the predominant and specific
components were used: for composition 1, eucalyptol
and terpinen-4-ol; for composition 2, eucalyptol,
terpinen-4-ol, T-muurolol, ¥-terpinene, B-myrcene; for
composition 3, eucalyptol and a-terpineol.

3 Russian State Pharmacopoeia XIV edition. T. 1-4; Moscow: FEMB,
2018. Available from: https://femb.ru/record/pharmacopeal4d
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Solubility. The essential oils compositions obtained
are insoluble in water. The solubility of the essential
oils compositions in hexane, chloroform and dimestyl
sulfoxide were also tested.

To determine the solubility of an EOs composition
in 70% ethyl alcohol, 1 ml of the essential oil was
placed in a 25 ml test tube with a friction-fitted lid. The
determination was carried out at the temperature of
20+2°C. Until the oil was completely dissolved, alcohol
was added in portions of 0.1 ml with frequent vigorous
stirring. The volume of the alcohol consumed to obtain a
clear solution was recorded. Then the alcohol was added
in portions of 0.5 ml with vigorous stirring until the total
volume of alcohol added was 20 ml.

If the solution became cloudy or opalescent from
the addition of 20 ml of the solvent, then its volume was
recorded at the point of appearance of the first signs of
opalescence, and the volume of alcohol at which the
turbidity or opalescence disappeared. If a clear solution
did not form after the addition of 20 ml of alcohol, the
test was repeated using 90% ethyl alcohol.

Ethyl alcohol. 1) 2 drops of the EOs composition
were added to a few drops of water placed on a watch
glass. The composition passed the test if there was no
noticeable haze around the EOs droplets on the black
background.

2) 1 ml of the EOs composition was poured into a
test tube, closed with a loose piece of cotton wool, in the
middle of which a crystal of basic fuchsin was placed, then
heated to a boil in a water bath. The composition passed
the test if the cotton wool did not turn purple-pink.

Fatty and mineral oils. 1) 1 ml of the EOs composition
was shaken in a 20 ml test tube with 10 ml of 96% ethyl
alcohol. The composition passed the test if cloudiness
and oily droplets were not observed.

2) 0.05 ml of the tested essential oils composition
was placed on filter paper. The oil stain completely
evaporated from the paper within 24 h without
a trace.

Essential oil residue after evaporation. About 5 g of
the EOs composition was placed in a pre-weighed cup
8 cm in diameter. The cup had been heated in a boiling
water bath until the oil completely evaporated, then
cooled in a desiccator over anhydrous calcium chloride
and weighed. The water level in the bath throughout
the experiment was 1-20 mm below the bottom of the
evaporating dish.

Water. 0.5 ml of the EO was mixed with 10 ml of
petroleum ether. The composition passed the test if no
haze was observed.

Density. The test was carried out using an automatic
viscometer brand SVM 3000 Stabinger (Austria) in
accordance with GPhM.1.2.1.0014.15 Density.
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Optical rotation. The test was carried out on an
AP-300 polarimeter from ATAGO CO, LTD (Japan) in
accordance with GPhM.1.2.1.0018.15 Polarimetry.

Refractive index. The test was carried out on an IRF-
454 B2M refractometer manufactured by OAO KOMZ
(Tatarastan) in accordance with GPhM.1.2.1.0017.15
Refractometry.

Acid number. The number of milligrams of
potassium hydroxide, which is necessary to neutralize
the free acids in 1 g of the essential oil, was determined
in 2 g (accurately weighed) of the oil dissolved in 5
ml of 95% ethyl alcohol, previously neutralized with
phenolphthalein.

Quantitation. The GC-MS method was used to
determine the contents of the main components of
essential oils compositions: for composition 1, eucalyptol
and terpinen-4-ol; for composition 2, eucalyptol,
terpinen-4-ol, T-muurolol, y-terpinene, 8-myrcene; for
composition 3, eucalyptol and a-terpineol.

Statistical processing. Statistical processing of
the results was carried out using the STATISTICA 12.6
program (StatSoft, USA). Variation series were tested
for a normal distribution using the Kolmogorov-Smirnov
test, the significance level in this study was taken as
p=0.05. For all the groups, the mean and standard error
of the mean were calculated. Student’s t-test was used
to assess intergroup differences.

RESULTS AND DISCUSSION

EOs selected as components of essential oils
compositions were tested for an antimicrobial activity.

Screening of the antimicrobial activity of
EOs of Hyssopus ambiguus (Trautv.) lljin, Thymus
marschallianus Willd., Thymus crebrifolius Klokov and
Thymus serpyllum L. made it possible to obtain the
following data presented in Table 3. To confirm the
presence or absence of growth of microorganisms, Petri
dishes with crops were viewed in the transmitted light.

As can be seen from the data in Table 3, the
most pronounced antibacterial activity was shown
by Hyssopus ambiguous (Trautv.) lljin EOs, while the
analysis of Thymus marschallianus Willd EOs, Thymus
crebrifolius Klokov and Thymus serpyllum L. showed a
higher antifungal activity. Taking into account the data
obtained, it was decided to combine the EOs of the
investigated thyme species (in all compositions, the EOs
of Hyssopus ambiguous (Trautv.) Iljin was present). Thus,
three different essential oils compositions have been
obtained: composition 1 “Hyssopus ambiguous (Trautv.)
Iljin+Thymus marschallianus Willd”, composition 2
“Hyssopus ambiguous (Trautv.) lljin+Thymus crebrifolius
Klokov” and composition 3 “Hyssopus ambiguous
(Trautv.) lljin+Thymus serpyllum L.)".
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Figure 3 — Chromatogram of essential oils composition 3

Table 1 — Characteristics of MPRMs used to obtain EOs

Retention time, min

Name of the producing plant
(Russian and Latin)

Gathering place

Geographical coordinates

Collection time,
development phase

. " . . 49.970554°N September 2021,
Hyssopus ambiguous (Trautv.) Iljin  Sorting stim., Karaganda region, RK 73.2226789° flowering phase
49.412951° N, August 2021,

Hyssopus ambiguous (Trautv.) lljin

Thymus marschallianus Willd.

Thymus serpyllum L.

75.477275° E

flowering phase

Karkalinsk suburbs 49.412951° N,
Karaganda region, RK 75.477275° E

June 2020

49.412951° N,
75.477275 E

Flowering phase

Thymus crebrifolius Klok.

Surroundings of the Ulytau 48.652828° N,
mountains, Karaganda region, RK 67.025743° E

June 2020

Note: MPRMs — medicinal plant raw materials, EOs — essential oils, RK — Republic of Kazakhstan, stim. — settlement, N — north latitude, E — east

longitude.
Table 2 — Output of EMs in used MPRMs

Name of producing plant (Russian) Amount (g) of MPRMs to obtain 1 ml of EO EOs output, %
Hyssop dubious (Karkaralinsk) 65.5 0.40
Hyssop dubious (Sorting) 147 0.60
Marshall’s thyme (Karkaralinsk) 197.5 0.50
Mother-of-thyme (Ulytau) 79.5 1.13
Creeping thyme (Karkaralinsk) 201.0 0.40
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Table 3 — Antimicrobial activity of EOs collected on territory of Karaganda region

Microorganisms growth inhibition zone, mm

Name of the producing plant (Russian) Staphylococcus aureus Bacillus subtilis  Escherihia coli Candida albicans
ATCC 6538 ATCC 6633 ATCC 25922  ATCC 10231

Hyssopus ambiguous (Trautv.) lljin (Karkaralinsk) 33.0+7.0 33.7+4.9 12.5+2.1 9.742.1

Hyssopus ambiguous (Trautv.) lljin (Sorting) 39.043.0 25.5+2.6 10.0+3.0 7.5+0.6

Thymus marschallianus Willd (Karkaralinsk) 7.8%1.5 9.0£3.0 10.74#5.0 22.7+10.8

Thymus crebrifolius Klokov (Ulytau) 7.0+0.8 8.5+2.1 10.243.2 9.844.3

Thymus serpyllum L. (Karkaralinsk) 13.3+1.7 14.5+0.7 11.0+2.8 13.044.1

Table 4 — Main components in essential oils composition 1

Retention index Retention time, min Component Content, %
102245 (394) 14.4452 Eucalyptol 6.51
116445 (512) 18.9980 Terpinen-4-ol 1.95
117545 (540) 19.4381 o-Terpineol 0.61
1086+3 (646) 16.5737 Linalool 0.29
159244 (15) 30.3548 B-Oplopenone 0.22
10504 (484)  17.2230 y-terpinene 0.21
147246 (181) 27.1513 y-Tsuurolen 0.13
127045 (28) 22.2448 p-Cymen-7-ol 0.12
149445 (178) 27.7718 a-Muurolen 0.12
1376+4 (377) 24.5755 Kopaen 0.13
147745 (364) 27.2812 Germacren D 0.08
153145 (59) 28.7747 a-Kalakorn 0.06
138245 (186) 24.8280 (-)-B-Bourbonene 0.05
141945 (656) 25.7227 caryophyllene 0.04
137244 (94) 25.2753 Methyleugenol 0.02
145145 (468) 26.5884 Humulen 0.02
144748 (2) 30.8455 Aromadendren 0.01

Table 5 — Main components of essential oils composition 2

Retention index Retention time, min Component Content, %
102245 (394) 14.4452 Eucalyptol 20.34
116445 (512) 18.9980 Terpinen-4-ol 7.03
163245 (119) 31.1125 T-muurolol 2.28
10504 (484) 17.2230 y-terpinene 2.23
98313 (580) 12.9299 B-Myrcene 2.09
159244 (15) 30.3548 B-Oplopenone 0.70
1586+11 (64) 30.2250 Ledol 0.65
102547 (52) 14.0555 o-Cymen 0.63
149445 (178) 27.7718 a-Muurolen 0.41
113149 (76) 17.9879 trans-verbenol 0.33
108643 (646) 16.5737 Linalool 0.31
147745 (364) 27.2812 Germacren D 0.27
141945 (656) 25.7227 caryophyllene 0.22
1164+N/A (1) 18.5146 Pinocarvone 0.33
147246 (181) 27.1513 ¥-Muurolen 0.16
110445 (66) 17.3818 a-Campholenal 0.14
146016 (178) 26.7760 Alloaromadendren 0.14
998+4 (356) 13.2979 a-Phelandrene 0.12
124144 (13) 21.6748 Citral 0.12
8606 (210) 9.1924 p-Xylene 0.10
127045 (28) 22.2448 p-Cymen-7-ol 0.10
138245 (186)  24.8280 (-)-B-Bourbonene 0.10
1222+10 (18) 20.9317 D-Carvone 0.09
145446 (7) 27.5626 cis-Muurola-4(15),5-diene  0.08
137214 (94) 25.2753 Methyleugenol 0.07
94615 (423) 11.2560 camphene 0.06
118547 (2) 19.7194 (-)-trans-Isopiperithenol 0.05
137644 (377) 24.5755 Kopaen 0.05
1038+3 (356) 14.5678 trans-fB-ocimene 0.04
153145 (59) 28.7747 a-Kalakorn 0.04
121143 (146) 20.4917 Citronellol 0.035
144718 (2) 30.8455 Aromadendren 0.03
108945 (52) 17.0787 thuyon 0.02
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Table 6 — Main components of essential oils composition 3

Retention index Retention time, min Component

Content, %

102245 (394)  14.4452 Eucalyptol 7.33
117545 (540)  19.4381 a-Terpineol 0.90
1164+5 (512) 18.9980 Terpinen-4-ol 0.54
108613 (646) 16.5737 Linalool 0.35
147745 (364) 27.2812 Germacren D 0.26
141945 (656)  25.7227 caryophyllene 0.22
150045 (196)  27.9160 B-Bisabolene 0.17
103744 (15) 14.8997 B-ocimene 0.15
103843 (356) 14.5678 trans-B-ocimene 0.11
140148 (51) 29.7487 Longifolen-(V4) 0.09
1577+N/A (1)  30.9898 (-)-Spatulenol 0.07
133548 (207) 24.0486 Eugenol 0.06
147246 (181) 27.1513 ¥-Muurolen 0.06
163245 (119)  31.1125 T-Muurol 0.06
127045 (28) 22.2448 p-Cymen-7-ol 0.05
1222410 (18) 20.9317 D-Carvone 0.04
144718 (2) 30.8455 Aromadendren 0.04
1376+4 (377)  24.5755 Kopaen 0.03
146046 (178) 26.7760 Alloaromadendren 0.03
1170£N/A (1) 20.5492 D-Verbenone 0.02
137016 (83) 24.4672 Ulangen 0.02
13724 (94) 25.2753 Methyleugenol 0.02
140148 (51) 29.7487 Longifolene 0.01

Table 7 — Antimicrobial activity of essential oils compositions

Name of the composition /

Zone of growth inhibition of microorganisms, mm

comparison preparation Staphylococcus aureus Bacillus subtilis Escherihia coli Candida albicans
ATCC 6538 ATCC 6633 ATCC 25922 ATCC 10231

Composition 1 28.7+2.3 21.742.1 9.742.3 16.0£10.4

Composition 2 27.7+4.9 25.0+14.8 9.0£1.0 18.0+10.1

Composition 3 27.5+0.7 19.5£3.5 9.5+2.1 10.0£1.4

“Breathe” / “Dyshi” spray 7.410.9 8.5+3.0 16.25+2.2 7.710.6

Benzylpenicillin sodium salt 26.2+5.2 31.248.5 11.0+1.7 -

Ampicillin trihydrate 27.0£2.1 30.2+23.0 18.2+2.8 -

Nystatin - - - 19.8+3.9

Note: "-" —There is no growth inhibition zone.

122

Volume XI, Issue 2, 2023



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOTUA

OPUTNHAJIbHAA CTATbA

DOI: 10.19163/2307-9266-2023-11-2-114-126

Table 8 - Indicators of standardization of essential oils compositions

Quality indicator

GPhM.1.5.2.0001.15

Test results

Essential oils Composition 1 Composition 2 Composition 3
Description Colorless or tinted Mobile liquid with a Mobile liquid with a Mobile liquid with a
transparent movable characteristic odor, characteristic odor, characteristic odor, light
liquid, often yellowish light orange in color; light orange in color; orange in color; lighter
in color, with a lighter than water. lighter than water. than water.
characteristic odor;
lighter than water.
Authenticity The chromatogram The relative retention ~ The relative retention ~ The relative retention
of the test solutions times of the peakson  times of the peaks on  times of the peaks in the
of the compositions the chromatogram the chromatogram chromatogram of the test
should contain of the test solution of the test solution solution corresponded to
peaks of essential oil corresponded to those corresponded to those those of eucalyptol and
components to be of eucalyptol and of eucalyptol, terpinen- a-terpineol.
determined. terpinen-4-ol. 4-ol, T-muurolol,
¥-terpinene and
B-myrcene.
Solubility Slightly soluble, Insoluble in water. With Not soluble in water. Not soluble in water.
very little soluble or ethyl alcohol it formed Completely dissolved Completely dissolved in
practically insoluble in  a white precipitate, in 70% ethyl alcohol 70% ethyl alcohol already
water; easily soluble or  which disappeared already with the with the addition of 1 ml
soluble in alcohol of when 18 ml of 70% addition of 1 ml of of ethyl alcohol.
various concentrations, ethyl alcohol was alcohol. When dissolved in hexane,
ether and other organic added. When dissolved in oily droplets formed at the
solvents. When the essential hexane, a cloudy bottom; with chloroform,
oil composition was solution was formed; an oily solution; when
dissolved in hexane, when dissolved in dissolved in dimethyl
fatty drops formed chloroform, the oily sulfoxide — a white
at the bottom, it was solution was formed; precipitate.
completely dissolved in when dissolved in
chloroform, and when  dimethyl sulfoxide, a
dissolved in dimethyl white precipitate was
sulfoxide, a gelatinous  formed.
precipitate appeared.
Ethyl alcohol Method 1 — there It does not give haze by Method 1 and does not give purple-pink staining by

should be no turbidity
around the drops

of the essential oil
composition

Method 2 —there
should be no purple-
pink staining of cotton
wool.

Method 2.

Fatty and mineral
oils in essential oils

There should be no
turbidity of the solution
and the formation of
greasy drops.

Turbidity was not
observed, fatty drops
were not formed.

Turbidity was not
observed, fatty drops
were not formed.

Turbidity was not
observed, fatty drops were
not formed.

Residue of the

Norms have not been

essential oil after established. 1.35% 1.01% 1.60%

evaporation.

Density Norms have not been 0.900 g/cm? 0.901 g/cm? 0.910 g/cm?
established. ’ & ’ & ’ &

Optical rotation Standards h_ave not +0.01° +0.01° +0.01°
been established.

Refractive index glec; standards have been 1.3800 1.5400 1.4800

Acid number It should not exceed 4  1.02 1.03 1.00

Quantification Norms have not been Eucalyptol content — Eucalyptol content — Eucalyptol content —

established.

6.51%,; terpinen-4-ol —
1.95%

20.34%; terpinen-4-ol —
7.03%, T-muurolol —
2.28%, ¥-terpinene —
2.23% and B-myrcene —
2.09%.

7.33%; a-terpineol —
0.90%.
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An important factor in the preparation of essential
oils compositions was the synergism of the EOs
included in the composition. The Hyssopus ambiguous
(Trautv.) lljin oil, which has a medium volatility, is
combined with the thymes EOs, which have a high
volatility. When developing the compositions, attention
has also been paid to the smell of the final composition,
because Hyssopus ambiguous (Trautv.) lljin EOs inits pure
form has a rather pungent odor due to a high content of
eucalyptol, while the EOs of the thyme species collected
had a less pungent odor, which in total could correct
the final smell of the composition [24]. The odors of the
obtained essential oils compositions were evaluated
subjectively. All the presented EOs compositions were
mobile liquids from light yellow to light orange color
with a pleasant characteristic odor.

The developed compositions were tested for an
antimicrobial activity. According to the results of the
study, only the samples that showed a pronounced
activity against at least one of the studied strains of
microorganisms were selected.

After screening for antimicrobial and antifungal
activities, which made it possible to make a choice
in favor of the most promising composition, their
component composition was studied by GC-MS.

Fig. 1 shows the chromatogram of composition 1.

Table 4 shows the main components found in
essential oils composition 1.

The predominant components of composition 1
were eucalyptol, terpinen-4-ol and a-terpineol.

Fig. 2 shows the chromatogram of essential oils
composition 2.

In composition 2, 137 components were found,
among which eucalyptol, terpinen-4-ol, T-muurolol,
y-terpinene, and B-myrcene predominated.

Table 5 shows the main components of essential oils
composition 2.

Figure 3 shows the chromatogram of essential oils
composition 3.

In composition 3, 149 components were found,
among which eucalyptol and a-terpineol predominated.

Table 6 shows the main components of essential oils
composition 3.

The study results of the antimicrobial activity of the
developed compositions are presented in Table 7.

As can be seen from the data presented in the
table, the EOs compositions developed had pronounced
antibacterial and significant antifungal activities.

The carried out analysis of the chemical composition
made it possible to characterize the dominant
components:

Eucalyptol (1,8-cineol), a monoterpenoid, which is a
colorless liquid, insoluble in water. By its structure, it is
a cyclic ether. It is part of the EOs of a number of plants,
for example, many species of eucalyptus. Eucalyptol
shows a pronounced activity against Enterococcus
faecalis ATCC 29212; a moderate activity against
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Pseudomonas aeruginosa ATCC 27853. Eucalyptol is
highly active against Botrytis cinerea, Colletotrichum
acutatum, Aspergillus flavus ATCC 22546; moreover, the
level of its antimicrobial activity significantly depends
on the components of the EO which are in synergy with
eucalyptol [25, 26].

Terpinen-4-ol* is a monoterpenoid, insoluble in
water. It has a sharp citrus scent. Terpinen-4-ol has
strong antibacterial and antifungal properties. The
literature studies have shown that terpinen-4-ol induces
antitumor effects by selectively causing the death of
necrotic melanoma cells. Terpinen-4-ol is highly active
against biofilms formed by Streptococcus mutans,
Lactobacillus acidophilus, Porphyromonas gingivalis,
and Fusobacterium nucleatum [26].

T-Muurol is a sesquiterpenoid that is practically
insoluble in water. It has a slight spicy smell and a herbal
taste. It exhibits an antifungal activity against Trametes
versicolor BCRC 35253, Gloeophyllum trabeum BCRC
31614, Laetiporus sulphureus BCRC 35305, Lenzites
betulinus BCRC 35296 [26].

y-Terpineneis a branched unsaturated hydrocarbon,
it is an isoprenoid. It is present in all eukaryotic
organisms. It has a “herbal” smell and a bitter taste. It
has antioxidant, anti-inflammatory and antiproliferative
properties [26].

B-Myrcene is an acyclic monoterpene, an important
component of the EOs of a number of plants. It has
a pleasant smell and taste. It has analgesic, anti-
inflammatory,  antibacterial and  antimutagenic
activities [26, 27].

a-Terpineol is a monoterpene alcohol that smells
like lilac. It has anti-inflammatory, antitumor properties.
It is active against the strains of Serratia liquefaciens,
Cordulephya divergens, Listeria innocua and Salmonella
Typhimurium, and has an antioxidant activity [26, 28].

As a result of the study, compositions have been
determined and optimal technological methods for
the manufacture of essential oils compositions from
the medicinal plant raw materials, common in the
RK, the plants with antimicrobial properties, have
been proposed. In the course of testing the obtained
compositions, it was found that the developed
compositions correspond to the basic physicochemical
and technological requirements for essential oils of the
SP RF XIV ed. The results are presented in Table 8.

CONCLUSION

In the course of complex studies, the samples
of the EOs obtained from the medicinal plant raw
materials, representatives of the Lamiaceae family
of the RK, screening of their antimicrobial activity
was carried out. Taking into account the chemical
composition and activity of the obtained samples,
3 essential oil compositions with pronounced

4 Merck KGaA, Darmstadt. Available from: https://www.sigmaaldrich.
com/KZ/en/product/aldrich/223190.
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antibacterial and significant antifungal effects, have
been developed.

The developed essential oils compositions have a
number of features, in particular:

1. A complex chemical composition, including
isoprenoids of a plant origin; it prevents the development
of resistance in microorganisms and fungi, and may
be an advantage of the developed compositions over
synthetic analogues of antibacterial and antifungal
activities.

2. The revealed chemical structure of essential oils
compositions provides a wide range and severity of
antibacterial and antifungal actions compared to the
reference drugs - benzylpenicillin sodium salt, ampicillin
trihydrate, nystatin and essential oils composition — the
“Breathe”/“Dyshi” (spray). The developed compositions,
as simultaneously possessing antibacterial and
antimicrobial activities, can be considered as promising
objects for the creation of new drugs based on them,

intended for the treatment and prevention of diseases of
the upper respiratory tract. Essential oils compositions
can be administered by passive inhalation, which is
characterized by ease of use and safety.

3. The development and further study of
compositions based on the EOs from the MPRMs
growing in the territory of the Republic of Kazakhstan
allows the development of localized production of
high-quality and relatively inexpensive therapeutic and
prophylactic agents that can effectively fight infectious
diseases of the upper respiratory tract.

The conducted microbiological and technological
studies proved that the obtained essential oils
compositions met the quality standards (SP RF XIV ed.,
SP RK) and the generally accepted rules for compiling
essential oils compositions in aromatherapy. The
resulting compositions can be both an alternative
and a supplement to currently used antimicrobial and
antifungal drugs.
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Licorice herb (Glycyrrhiza glabra L.) is a promising herbal raw material, which can be comprehensively used to develop drugs
with an anti-inflammatory action.

The aim of the article was to development a quantitative determination method of total flavonoids in Glycyrrhiza glabra L.
herbs.

Materials and methods. The subjects of research were 5 samples of licorice herb harvested in summer in various places of
growing and cultivation. Pinostrobin was used as a standard sample. The registration of the electronic spectra was carried
out with a spectrophotometer (Analytik Jena AG, Germany) by differential spectrophotometry, 96% ethanol was used as a
solvent.

Results. The methods for quantitative determination of total flavonoids in Glycyrrhiza glabra L. was carried out at an
analytical wavelength of 310 nm equivalent to pinocembrin. The optimum parameters for the extraction of total flavonoids
from Glycyrrhiza glabra L. were as follows: the extractant — 90% ethanol; the «raw material-extractant» ratio was 1:50; the
extraction time was 60 min; the degree of atomization was 2 mm. The content of total flavonoids for the Glyccyrhiza glabra L.
herb has been determined, it varies from 0.39+0.002 to 3.41+0.015% with the humidity of the vegetative raw material from
9.97+0.003 to 10.03+0.003% depending on the place of the vegetation, cultivation and year of the raw material collection.
The error of the single determination with a 95% confidence level was +0.73.

Conclusion. The developed methods for the quantitative determination of total flavonoids in Glycyrrhiza glabra L. herbs can
be used to solve the issues of standardization of these medicinal plant raw materials.

Keywords: licorice; Glycyrrhiza glabra L.; herb; flavonoids; pinocembrin; standardization; spectrophotometry
Abbreviations: SS — standard sample; PhM — pharmacopoeial monograph; GPhMK — general pharmacopoeial monograph;
BAC — biological active compounds; HPLC — High Performance Liquid Chromatography.
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TpaBa conoaku ronon (Glycyrrhiza glabra L.) aBnseTca NepPCneKTUBHbIM PacTUTENbHbIM CbIpbEM, KOTOPOE MONKET ObiTb
KOMM/EKCHO MUCMO/Ib30BaHO ANA Pa3paboTKM IeKapCTBEHHbIX NPenapaTos ¢ NPOTUBOBOCNANIUTENbHBIM AEUCTBUEM.

Llenb. Pa3paboTka METOAMKMN KONIMHYECTBEHHOIO ONpeaesieHna CyMMbl G1aBOHOMA0B B TPABE COOAKM FONON.

Martepnan un metoabl. OBbEKTaMWU WMCCNEfOBaHWUA ABAAANCL 5 06pasLoB TpaBbl CONOAKW T[O/I0M, 3arOTOBNAEHHbIX B
NETHUI NepUOL BPEMEHU B Pa3IMYHbIX MECTax NMPOM3pacTaHUsA U KyJAbTUBUMPOBaHMA. B KauyecTBe cTaHAapTHOro obpasua
MCMNONb30BaAN MUHOCTPOOUH. Peructpaumio Y®-cnekTpos nNpoBoauan c mnomolybto cnektpodotomerpa «Specord 40»
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(Analytik Jena AG, lfepmaHusa) metogom gubdepeHLmanbHoM cnekTpodoToMeTpun. B KauecTse pacTBOpUTENA UCMO/Ib30BANN

CNUPT 3TMNOBbIN 96%.

Pesynbratbl. KoanyectseHHoe onpeaeneHne cymmbl G1aBOHOUAOB B TPABE CONOAKM 0101 NPOBOAWAN NPU aHAIMTUYECKON
ANvHe BoHbI 310 HM B nepecyéte Ha MUMHOLEMOPUH. YCTaHOB/IEHbI ONTUMA/bHbIE MAapPaMeTpPbl SKCTPArMpoBaHUA CyMMbl
$naBoOHOMAOB M3 TPaBbl COMIOAKMN FONOM: IKCTPAreHT — CNUPT 3TUNOBbLIN 90%; COOTHOLIEHUE «Cblpbe-3KcTpareHT» — 1:50;
BPEeMA 3KCTpaKuMn — 60 MUH; CTeneHb U3menbyeHua cbipba — 2 Mm. OnpeaeneHo cogepkaHme cymmbl GaaBoHOMAOB ANA
TpaBbl CONOAKM ron0M, KoTopoe BapbupyeT oT 0,39+0,002 ao 3,41+0,015% c y4ETOM BNAXKHOCTU PACTUTE/NILHOIO CbiPbA OT
9,9740,003 go 10,03+0,003% B 3aBMCMMOCTU OT MecTa MPOM3PACTAaHUA, KyJbTUBMPOBAHMA U roga cbopa pacTUTENIbHOro
cbipbA. MorpeLwHocTb e4MHUYHOTO onpeaeneHna ¢ 40BEePUTEIbHON BEPOATHOCTLIO 95% cocTasnana +0,73%.

3akntoueHue. Pa3paboTaHHaa MeToamMKa KOMYECTBEHHOro onpeaeneHnsa GnaBoHOMAO0B B TPaBE COMOAKM FONOW MOXKET
6bITb MCMO/b30BaHa A/1A PEeLLeHNA BONPOCOB CTaHAAPTU3ALLMM YKa3aHHOMO IEKAPCTBEHHOIO PACTUTE/IBHOTO CbIPbA.
KnioueBble cnoBa: conogka ronas; Glycyrrhiza glabra L.; TpaBa; ¢naBoHOMAbl; MUHOLEMOPUH; CTaHAapTWU3aums;

cnekTpodoTomeTpus

Cnucok cokpaweHmid: /I — nekapcTeeHHbIn npenapat; CO — cTaHgapTHLIM 0bpasel; PC — papmakoneliHasa cTatbs; BAB —
61ON0rNMYECKM aKTUBHbIE BellecTBa; BIXKX — BbicokoapdeKTUBHAA KMUAKOCTHAA XpomaTorpadus.

INTRODUCTION

Glycyrrhiza glabra L. (Fabaceae family) is one of
the most researched and well-studied plants in the
world. This is a perennial herbaceous plant with erect
and sparsely branched stems, reaching a height of
50-100 cm (in exceptional cases up to 200 cm). The
underground organs are well developed; its roots
penetrate into the soil to a depth of 6-8 m and form
a thick network, which helps maintain the licorice
The
unpaired. The flowers are aggregated in loose racemes

population. leaves are alternate, compound,
on long pedicels. The plant is common in many regions,
even though it belongs to the Mediterranean species. In
the valleys of the major rivers of Central Asia, Uzbekistan
and Kazakhstan, licorice forms thickets?.

The roots of this plant are widely used in officinal
medicine. On the basis of isolated biologically active
compounds (BAC) from the roots, many multicomponent
drugs have been developed. In the course of studies, a
group of scientists from Samara State Medical University
and the All-Russian Institute of Medicinal and Aromatic
Plants have also developed the state standard sample
(SS) of glycyram (PhM-42-0034-00), with the specification
of chemical structure, and studied physical and chemical
properties of glycyrrhizic acid [1-4].

Licorice roots are valuable pharmacopoeial raw
materials that are widely used for the production of drugs
with an expectorant effect and an anti-inflammatory
activity. This raw material is particularly popular not

! Budantsev AL. Plant resources of Russia. Wild flowering plants,
their component composition and biological activity. Vol. 3:
Fabaceae — Apiaceae: A.L. Budantsev ed. Moscow: Association of
Scientific Editions KMK; 2009. 599 p. Russian

2 Maevsky PF. Flora of the middle belt of the European part of Russia.
11" ed. M.: KMC Scientific Publishers Association; 2014. 635 p.
Russian
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only in Russia but also abroad [5-7]. In recent decades,
scientists have paid attention to various species of the
genus Glycyrrhiza L. as promising sources of BACs used
to create phytopreparations. Along with licorice roots,
one of the promising sources is also the aerial part, i.e.,
the licorice herb [8, 9].

According to

data, it is known

that the above-ground part of

literature
licorice contains
flavonoids, polysaccharides, tannins, triterpenoids,
that the flavonoid

licorice herb is

vitamins, etc. It is known

composition of represented by

pinocembrin, glabranin, prunetin, astragalin and
vitexin [9]. It should be concluded that the above-
ground part of licorice is rich in a high content of BAC,
among which flavonoids are of the greatest interest in
terms of creating medicines.

Flavanones prevail in the herb of this plant.
The

(5,7- dihydroxyflavanone) the efficacy of which has been

dominant among them is pinocembrin
proven in preclinical practice. A number of in vitro and
in vivo studies have shown that pinocembrin improved
the regional cerebral blood flow of non-pedigreed rats
and reduced postischemic neurovascular block damage.
It follows that pinocembrin has a neuroprotective
activity [10-14]. It has also a powerful antifibrotic effect,
which explains its antioxidant properties. Pinocembrin
alleviated bleomycin-induced skin fibrosis and a
fibrosis-related protein expression in keloid tissues in
xenografted mice [15, 16].

Pinocembrin had a protective effect against
gentamicin-induced nephrotoxicity, which may be
partially related to its antioxidant and anti-apoptotic
effects, subsequently leading to the improved renal

function [17]. This flavanone showed a pronounced
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activity against Gram-positive bacteria, while its methyl

ester  pinostrobin  (5-hydroxy-7-methoxyflavanone)
was less pronounced against Esherichia coli due to its
chemical structure determining the lipophilic properties
of the substance and its affinity to the lipid membrane
of gram-negative bacteria [18-20]. In an in vitro study,
pinocembrin showed a photoprotective efficacy [20, 21]
and inhibited an allergic airway inflammation [22].

In one study, pinocembrin showed a more
pronounced anti-inflammatory activity than the non-
selective cyclooxygenase inhibitor indomethacin. At the
same time, the anti-inflammatory drugs of comparison
were amidopyrine, hydrocortisone, and indomethacin.
A formalin-induced inflammation in mice was reduced
by 40.3% at the pinocembrin dose of 25 mg/kg and
by 43.4% at the 50 mg/kg dose. In methylation and
ethylation of pinocembrin, at position C,, the formation
of its derivatives led to a decrease in the anti-
inflammatory activity [23].

In view of the above, a wide range of therapeutic
uses of the licorice herb seems appropriate from the
position of complex processing of raw materials to
study the properties of water-alcoholic extracts and
preparations based on the herb of this plant. This will
expand the range of ideas about the pharmacological
activity of flavonoids and substances of the above-
ground part of G. glabra and evaluate the possibility of
using this object in the creation of domestic drugs.

Based on the sum of flavonoids from the above-
ground part of licorice, foreign scientists developed
a drug called “Glacembrine” with anti-inflammatory
and analgesic effects [24]. Glacembrin has undergone
a number of clinical trials according to the following
parameters: an acute toxicity, an anti-inflammatory
activity. The results showed that “Glacembrin” did not
differ from the similar indicator of pinocembrin, and the
anti-inflammatory activity of the drug was higher than in
the case of pinocembrin. In addition, “Glacembrin” has
a pain-relieving effect on the model of acetic cortex in
mice [23].

All of the above-mentioned has opened new
opportunities for the use of the licorice herb in
the pharmaceutical industry as a raw material for
the manufacture of standardized drugs with anti-
inflammatory and other effects. In general, the literary
analysis showed an insufficient degree of study and
standardization.

elaboration of the licorice herb

Tom 11, Beinyck 2, 2023

Attention should be paid to the developed methods
of the quantitative determination of total flavonoids
in the above- ground part of licorice by direct
spectrophotometryequivalentto pinocembrin, proposed
by Uzbek scientists [25]. In our opinion, this technique
can give overestimated results of determination since
other phenolic compounds also contribute to the optical
density at the analytical wavelength of 290 nm. In
addition, a multiple extraction (3 times) of raw materials
cannot be always justified, because these extraction
conditions can increase the error of the analysis method.

In this regard, the research is relevant in terms of
improving the methods for a quantitative determination
of total flavonoids in the Glycyrrhiza glabra L. herb.

THE AIM of the article was to work out methods
for quantitative determination of total flavonoids in
Glycyrrhiza glabra L.

MATERIALS AND METHODS

The objects of the study were five samples of the
Glycyrrhiza glabra L. herb. They were prepared: No. 1 —
in the Samara region (Kinelsky district, Alekseevka
village), August 2021; No. 2 — in Samara city, the
Botanical Garden of Samara State Medical University,
August 2021; No. 3 —in the Orenburg region, (Sakmarsky
district, Tatarskaya Kargala village), July 2017; No. 4 —
in the Republic of Kazakhstan, Derzhavinsk city, June
2018; No. 5 — in the Samara region (Bolshechernigovsky
district, Bolshaya Chernigovka village), August 2019.
The moisture content of the plant raw materials was
determined in accordance with the requirements
of the Russian State Pharmacopoeia XIV edition
GPhM.1.5.3.0007.15 «Determination of moisture content
of medicinal plant raw materials and medicinal plant
preparations»®.

The used methods of spectrophotometry was
performed in accordance with the requirements
of the Russian State Pharmacopoeia XIV edition
GPhM.1.2.1.1.0003.15

ultraviolet and visible regions». Spectral characteristics

«Spectrophotometry in

of aqueous-alcohol extracts were evaluated on a
spectrophotometer «Specord 40» (Analytik Jena AG,
Germany) in cuvettes with a layer thickness of 10 mm,
96% ethanol was used as a solvent.

in 96%
ethanol was used as a SS (Fig. 1). Pinostrobin standard

The solution of pinostrobin prepared

3 Russian State Pharmacopoeia. XIV ed. Vol. 1-4. Moscow; 2018.
Available from: http://http://femb.ru/femb/ pharmacopea.php
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sample corresponded to the requirements of the
pharmacopoeial article (PhM 42-0073-01) and was
provided to the Scientific and Educational Center
«Pharmacy» of Samara State Medical University to
determine by high-performance liquid chromatography
(HPLC) the degree of purity, which was not less than
98.0%. Aqueous-alcoholic extracts were prepared using
96% ethanol (brand name: chemical clean, Hippocrates,
Russia). The necessary concentrations of alcohol (50,
60, 70, 80, 90%) were obtained by diluting 96% ethanol
according to Table 5 of Appendix to the Russian State
Pharmacopoeia XIV edition.

Preparation of working solutions

for analysis by UV-spectrophotometry

The analytical sample of raw materials was crushed
to the particle sizes, passing through a sieve with holes of
2 mm in diameter. About 1 g of the crushed raw material
(exact weight) was placed in a conical heat-resistant
Erlenmeyer flask with a 100 ml slit, 50 ml of 90% ethanol
was added. The flask was closed with a stopper and
weighed on Sarto GOSM laboratory scales (Russia) with
an accuracy of £0,001. The flask was attached to a reflux
condenser and heated in a boiling water bath (moderate
boiling) for 60 min. Then it was cooled for 30 min, closed
with the same cap, weighed again and the missing
extractant was replenished to the original volume. The
extraction was filtered through a paper filter (red band).

To prepare test solution pinostrobin for the UV-
spectrophotometry, about 0.02 g (exact weight) of the
substance was weighed, placed in a 50 ml volumetric
flask, dissolved in 30 ml of 96% ethanol and heated in
a water bath. Use of 96% ethanol provided the best
dissolution of the reference standard of pinostrobin.
After cooling the contents of the flask to room
temperature, its volume was brought to the mark with
96% ethanol (pinostrobin standard solution A). Then
1 ml of pinostrobin standard solution A was placed into
a 25 ml volumetric flask, 2 ml of aluminum trichloride
3% alcohol solution was added and the solution volume
was brought to the mark with 96% ethanol (test solution
B of pinostrobin).

The reference solution was prepared as follows:
1 ml of pinostrobin A solution was placed in a 25 ml
volumetric flask and the volume of the solution was
brought to the mark with 96% ethanol (pinostrobin B
reference solution). The optical density of test solution

130

B of pinostrobin was measured on a spectrophotometer
at 310 nm against the background of reference solution
B of reference standard of pinostrobin.

Quantitative determination of total flavonoids

in water-alcoholic extraction of licorice herb

About 1 ml of the obtained extraction was placed
in a 50 ml volumetric flask, 2 ml of 3% alcohol solution
of aluminum (Ill) chloride was added, the volume of
solution was brought to the mark with 96% ethanol (test
solution A), stirred and left for 40 min to form a flavonoid
complex with aluminum. The solution obtained as
follows was used as a reference solution: 1 ml of the
extraction (1:50) was placed in a 50 ml measuring flask
and the volume of the solution was brought to the mark
with 96% ethanol (comparison solution A). Then the
optical density of the test solution A was measured on
a spectrophotometer at 310 nm against the background
of the reference A.

The content of total flavonoids equivalent to
pinocembrin and absolutely dry raw materials in
percentage (X, %), is calculated by the formula:

= D #m,*50*50%1.05*100
D, *m*50%25% (100—-W)’

where D — the optical density of the test solution;
D,— the optical density of the pinostrobin SS; m — the
mass of raw materials, g; m —the mass loss in drying, %;
1.05 — the conversion factor.

In the absence of a pinostrobin standard sample, it
is advisable to use the theoretical value of the specific
absorption index, 680:

_ D#*50%25%100
m#680%* (100— W)’

where D — the optical density of the test solution;

m — the mass of raw materials, g; 680 — specific
1%
lcm

310 nm; W —loss in weight during drying, %.

absorbance (E;” )of standard sample of pinocembrin at

Validation of analytical methods

Validation of the developed methods was carries
out according to the following indicators: specificity,
linearity, precision (repeatability), intralaboratory
precision, accuracy in accordance with the requirements
of the Russian State Pharmacopoeia XIV edition.

Microsoft Excel 2013 Software was used for calculations.
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RESULTS AND DISCUSSION

In the course of the experiment, water-alcoholic
extracts of the licorice herb were obtained and their UV-
spectra were studied. In the herb of this plant, flavanones
prevail, the dominant flavonoid is pinocembrin
(Fig. 1), which hasa maximum absorption at a wavelength
of +2 nm (Fig. 2).

In our opinion, it is pinocembrin that mainly
determines the character of the absorption curve
of the water-alcohol extract from the licorice herb
(Fig. 3). This conclusion is consistent with the literature
data [7]. Since pinocembrin is not registered in the
Russian Federation as a standard sample, the possibility
of using pinostrobin (PhM 42-0073-01), close in chemical
structure to pinocembrin as SS, was studied. It was
determined that pinotembrine and pinostrobine have a
maximum absorption at a wavelength of 290 nm (direct
spectrophotometry) (Fig. 2 and 4). Taking into account
the fact that in the case of the flavonoid sum content
by direct spectrophotometry there is an overestimation
of the experimental results, the possibility of using
differential with
trichloride as a complexing reagent was studied.

It was found that the addition of aluminum ()

spectrophotometry aluminum

chloride to the test solution and the pinocembrin and
pinostrobin solutions resulted in a bathochromic shift
in the long-wave absorption spectrum (Fig. 2-4). At
the same time, it was determined that differential
spectrophotometry by the short-wave absorption
maximum of pinostrobin and pinocembrin solutions are
at wavelength 310 nm (Fig. 5 and 6), while in the long-
wave region of the spectrum their absorption maxima
do not coincide, which allows us to recommend 310 nm
as an analytical wavelength. When using pinostrobin
SS, the content of the flavonoid sum to pinocembrin
was recalculated by introducing a coefficient into the
formula for the calculation.

CH,O o)

0]
A

In the absence of pinostrobin SS, the theoretical
value of pinostrobin specific absorption established
experimentally, was used.

It was found that the total extraction of flavonoids
from the licorice herb is achieved with 90% ethanol. The
next step was to conduct an experiment to determine
the optimal «raw material- extractant» ratio (1:50). Then
the time parameters of the extraction, during which
there was a maximum extraction of flavonoids from
the raw materials were established — 60 min. The final
step was to determine the degree of grinding of the raw
material (2 mm), contributing to the full extraction of
flavonoids by the extractant (Table 1).

The methods specificity was determined by the
correspondence of the absorption maxima of the
Glycyrrhiza glabra L. herb flavonoid complex and the
solution of the standard pinostrobin sample with
aluminum trichloride and the differential peak of the
standard pinostrobin sample.

The methods linearity was determined for a series
of pinostrobin solutions with concentrations ranging
from 0.016 to 0.16 mg/ml (0.016; 0.032; 0.08; 0.16).
Based on the data obtained, the dependence of the
optical density values of pinostrobin solutions with
aluminum trichloride on pinostrobin concentration
was plotted, and then a linear regression equation was
calculated (Fig. 8).

In studying the linear dependence of y=bx+a, the
correlation coefficient was 0.9981, therefore, pinostrobin
SS can be used to analyze the amount of flavonoids
in the licorice herb in the indicated concentration
range (Fig. 8).

The precision of the methods (a repeatability
level) was estimated by analyzing the test sample of
plant material in 11-fold repetition. The error of single
determination of the amount of flavonoids in licorice
herb with a 95% confidence level is +0.73% (Table 2).

HO o)

OH O
B

Figure 1 — Structural formulas of pinostrobin (A) and pinocembrin (B)
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Figure 2 — Electronic spectra of solutions of water-

alcohol solutions of pinocembrin
Note: 1 — pinocembrin solution (direct spectrophotometry),
2 — pinocembrin solution with addition of aluminum trichloride.
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Figure 4 — Electronic spectra of pinostrobin solution
Note: 1 — pinostrobin solution (direct spectrophotometry),
2 — pinostrobin solution with addition of aluminum (l1I) chloride.

A
175
15

125

0,75

05

o [l

Absorbance

Figure 6 — Differential spectrum
of pinostrobin solution

132

)
2,25
2
175
15
1,25
1
0,75
05
0,25
200 225 250 275 300 325 350 375 400 425 450 [nm]
Absorbance
Figure 3 — Electronic spectra of water-alcohol
extraction from Glycyrrhiza glabra L. herbs
Note: 1 — extraction solution (direct spectrophotometry),
2 — extraction solution with addition of aluminum trichloride.
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Figure 5 — Differential spectrum
of pinocembrin solution
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Figure 7 — Differential spectrum of water-alcohol
extraction from Glycyrrhiza glabra L. herbs
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Figure 8 — Dependence of optical density values of pinostrobin solutions with aluminum (111)
chloride on pinostrobin concentration (differential version)

Table 1 — Optimal extraction rates of total flavonoids from Glycyrrhiza glabra L. herbs at wavelength of 310 nm

Concentration ‘"W . ] Degree Total flavonoids content
materials- Extraction of . . .
of ethyl . . L equivalent to per pinocembrin
extractant»  time, min atomization, .
alcohol, % . and absolutely dry raw material, %
ratio mm
I. Extractor
50 1.50+0.006
60 1.19+0.005
70 1.21+0.031
— 1:50 60 2
80 1.86+0.005
90 2.2810.001
96 1.59+0.007
Il. Extraction time
30 2.02+0.008
45 2.31+0.001
90 1:50 _— 2
60 2.7610.012
120 2.39+0.010
IIl. Degree of atomization
1 3.10£0.013
90 1:50 60 2 3.4110.015
3 2.52+0.011
IV. «Raw materials-extractant» ratio
1:30 2.18+0.009
90 1:50 60 2 3.4110.015
1:100 3.21+0.014
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Table 2 — Precision estimation results of quantitative determination methods of total flavonoids
in Glycyrrhiza glabra L. herbs (a repeatability level)

Metrological
50 characteristics
3.40
341 N=11
342 710
3.42 X=3.41
35 o
3.46 - ’
339 Sx=0.01113
347 %79
3.35 tg’, t)=2.23
AX=0.02481%
340 £_0.73%
3.37

Table 3 - Validation of the laboratory precision of the methods for determining total flavonoids
in Glycyrrhiza glabra L. herb

X, % X, % Metrological characteristics

Analyst 1 Analyst2 Analyst 1 Analyst 2

3.40 3.39 X=3.43 X=3.42

3.42 3.41 SD=0.02229 SD=0.02160
RSD=0.2652% RSD=0.2579%

3.42 3.42 $%=0.009098 $¢=0.008819

3.44 3.43 P, %=95 P, %=95

345 3.44 t (P, t)=2.23 (table)  t (P, t)=2.23 (table)
E=0.59% E=0.57%

3.46 3.45 AX=0.02% AX=0.019%

Notes: tcalculated=0.66<t (95%;6); Fcalculated=1.06<F (95%;5;5) — differences between the results obtained are random.

Table 4 — Assessment results of the correctness of quantitative determination methods of total flavonoids
in Glycyrrhiza glabra L. herbs

Injected

inostrobin Found, Openness, Metrological
P " mg/ml % characteristics
mg/ml
7.57 7.49 98.94 %=09.68%

= . (]

7.57 7.52 99.34 SD=0.36062
7.57 7.56 99.87 RSD=0.3618%
15.15 15.08 99.54 $¢=0.120206
15.15 15.11 99.74 P % =95
15.15 1516 100.07 £ (P, 1)=2.23
22.73 22.66  99.69 £=0.27%
22.73 22.70 99.87 AX=0.27%
22.73 22.74 100.04

Table 5 — Content of total flavonoids in Glycyrrhiza glabra L. samples of licorice (in %) equivalent to pinocembrin

Moisture content  Content of total flavonoids

No. Characteristics of the raw material in raw plant in absolutely dry raw materials
materials, % (%) equivalent pinocembrin
Samara region (Kinelsky district, Alekseevka village), August 2021 | 9.97+0.003 3.38+0.015
Samara city, Botanical Garden of Samara University, August 2021 9.96+0.003 0.48+0.002
Orenburg region, (Sakmarsky district, Tatarskaya Kargala village), 9.99+0.003 0.39+0.002
July 2017
Republic of Kazakhstan, Derzhavinsk city, June 2018 10.01+0.002 1.34+0.006
5.  Samara region (Bolshechernigovsky district, 10.0340.003 1.1940.005

Bolshaya Chernigovka village), August 2019
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To assess in-laboratory precision, the analysis of
the test sample was performed by another analyst on
the same equipment on other days (Table 3). For each
sample, the studies were carried out in six replications.
Table 3 shows that the calculated value of Fisher’s
F-criterion 1.06 is less than the tabulated value of 5.05.
Consequently, the variance of the analysis results of
both chemistries are statistically equivalent and the
differences between the obtained values not significant.
Thus, the developed technique meets the validation
requirements for the in-laboratory precision.

The correctness of the methods was determined by
the standard addition methods. Pinostrobin solutions
with the known concentration (25, 50 and 75%) were
added to the aliquot of the test sample. The average
opening percentage was 99.68+0.27% (Table 4). Three
determinations were performed for each concentration.
The error determined for the samples with additives of
the SS was within the error of a single determination,
indicating the absence of a systematic error (Table 4).

It was found that the average content of flavonoids
in the studied sample of raw materials was 3.41+0.015%
(the relative error of determination was +0,73%).

Thus, based ontheresults of the validation evaluation
of the experimental results, it can be concluded that this
methods is suitable for the quantitative assessment of
total flavonoids in terms of pinocembrin.

Using this methods, 5 samples of the licorice

herb harvested in summer in different locations were
analyzed (Table 5). It was determined that the content
of total flavonoids in the analyzed samples varies from
0.39+0.002 to 3.41+0.015% with the moisture content
of plant raw materials from 9.97+0.003 to 10.03+0.003%
depending on the place of growth and the year of
collection of plant raw materials (Table 5).

CONCLUSION

Thus, as a result of this study, the methods
of quantitative determination of total flavonoids
in the Glycyrrhiza glabra L. herb by differential
spectrophotometry using a SS of pinostrobin at an
analytical wavelength of 310 nm has been developed.

A validation assessment of the developed methods
by the indicators of specificity, linearity, precision (a
repeatability level), in-laboratory precision, correctness
has been carried out. Based on the results of the
validation assessment of the experimental results, these
methods can be suitable for the quantitative assessment
of total flavonoids equivalent to pinocembrin.

The results of the study can be used to create
herbal medicines based on the licorice herb with
a neuroprotective activity, antifibrotic effects, an
antimicrobial action against Esherichia coli and a
photoprotective efficacy.

The results of the study can be used in the
development of a draft regulatory documentation for a
promising type of raw materials «Licorice naked herb.
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The aim of the work was to study cytokine response characteristics in the group of persons contacted by a novel coronavirus
infection depending on the development of the disease over the next 14 days. Herewith, for the immunocorrection with
a preparation based on RNA double-stranded sodium salt (RADAMIN®VIRO) causing a secondary reduction in the risk of
COVID-19 in the analyzed group, potential targets had been selected.

Materials and methods. A double-blind, placebo-controlled study of the drug based on RNA double-stranded sodium salt
therapeutic effects was conducted in a group of patients who had been in contact with the persons having a confirmed
diagnosis of COVID-19. The method of enzyme immunoassay in dynamics was used to determine the content of interferons
alpha and beta (IFNa and IFNB, respectively), interleukin-1B and -10 (IL1B and IL-10, respectively) in the blood serum and
saliva in the contact persons, with a retrospective assessment of changes depending on the administration of the drug or
placebo, as well as the development of COVID-19.

Results. In the course of the presented study, it was demonstrated that the established content of IFNa (less than
28 pg/ml) and IFNB (less than 12 pg/ml) in saliva on the 1%-2" contact days is a predictor of an increased risk of developing
COVID-19. Herewith, the increase degree in these immunoregulatory peptides in the interval of 2-3 contact days is important:
IFNa and IFN allows leveling the negative prognosis in patients by 250% or more. The lowest rates (p <0.001) of INFa on
the 1-2" contact days, as well as an increase of less than 21% by the 3™ day, were observed in persons with a waist
circumference of more than 80/94 cm (women/men). The incidence in this group was higher and amounted to 85% (16 out
of 20 people). The predictor role of IL-1B and IL-10 in the blood and saliva in relation to the start of the infectious process
was not revealed. The administration of drug based on RNA double-stranded sodium salt to the contact patients made it
possible to correct the interferon response in the form of an increase in the content of IFNa and IFNB, as well as to reduce
the incidence in comparison with the placebo group.

Conclusion. Differences in the interferon regulation upon contact with SARS-CoV-2 in the form of lower INF a and B levels, as
well as a slightly pronounced growth dynamics in the interval of the first 3 days, influenced the increased risk of developing
COVID-19. RADAMIN®VIRO can be recommended as a means of post-exposure prophylaxis of COVID-19 for both medical
institutions and for caregivers and / or contacts with COVID-19 patients.

Keywords: coronavirus; COVID-19; RNA double-stranded sodium salt; RADAMIN®VIRO; prevention; interferon inducer
Abbreviations: COVID-19 — an infectious disease caused by the SARS-CoV-2 virus; EAH — essential arterial hypertension;
Il—interferoninducer; ARI—acute respiratory disease; PCR—polymerase chain reaction; IWRS —Interactive Web Randomization
System; elRC — electronic individual registration card; IFNa — interferon alpha; IFNB — interferon beta; IL1B — interleukin-16;
IL-10 — interleukin-10; NAAT — nucleic acid amplification test.

For citation: O.A. Radaeva, L.A. Balykova, K.Ya. Zaslavskaya, Yu.A. Kostina, N.A. Pyataev, N.M. Selezneva, AV. Klimova, L.Yu. Chegodaeva,
K.N. Koryanova, AV. Taganov, P.A. Bely. Analysis of cytokine response characteristics and immunopathogenetic effects of double-stranded
sodium salt RNA-based drug for postexposure prophylaxis against novel coronavirus infection: double-blind, placebo-controlled trial. Pharmacy
& Pharmacology. 2023;11(2):137-148. DOI: 10.19163/2307-9266-2023-11-2-137-148
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Lienb. N3yyeHne ocobeHHOCTEN LIUTOKMHOBOrO OTBETA B rPyrne /ML, KOHTAKTHbIX MO HOBOM KOPOHABUPYCHOW MHGEKLUN B
3aBMCMMOCTU OT pPa3BUTUA 3ab0neBaHMA B TeUeHWe nocieayowmx 14 aHew ¢ BbiaeneHMeM MULLEHEN A1 UMMYHOKOPPEKLIMM
npenapatom Ha ocHose PHK gBycnupanbHoi HaTpuesow conu (npenapat PAOAMUH®BUPO) ¢ BTOPUYHBIM CHUMKEHUEM
pucka COVID-19 B aHanM3upyemoit rpynne.

Matepuanbl u metogpl. [poBefeHO [ABOMHOe cnenoe nnauebo KOHTPOAMpyemoe uccaefoBaHME TepaneBTUYEeCKUX
a¢ddekTOB Npenaparta Ha ocHose PHK ABycnunpanbHOI HaTPUEBOW COM B rpynne NauMeHTOB, KOHTAKTMPOBABLLMX C IULLAMMU,
MMELWMMN NOATBEPKAEHHbIA AMarHo3 COVID-19. Metogom MMMyHODEPMEHTHOrO aHa/vM3a B AMHAMWKe onpeaenanv
B CbIBOPOTKE KPOBM U CNIOHE copepikaHue nHTepdepoHa anbda u 6eta (IFNa n IFNB cooTBeTCTBEHHO), MHTEPNEeKUHA-1
1-10 (IL1B 1 IL-10 cOOTBETCTBEHHO) Y KOHTAKTHbIX L, C PETPOCNEKTUBHOW OLLEHKOM U3MEHEHWA B 3aBUCUMOCTU OT BBEAEHMS
npenapaTta uav naauebo, a Takke passutua COVID-19.

Pesynbrathl. B Xo4e npeacTaBNeHHOro McCneaoBaHUA MPOLEMOHCTPUPOBAHO, YTO YCTaHOB/EHHOe cofeprkaHue IFNa (meHee
28 nr/mn) u IFNB (meHee 12 nr/mn) B catoHe Ha 1-2 CyT KOHTaKTa BbICTYMaeT MNPEAMKTOPOM MOBbILEHUA PUCKA Pa3BUTUA
COVID-19. Mpu 3TOM MMeET 3HaYeHWNe CTeneHb YBeNMYEeHUA AaHHbIX UMMYHOPEryIaTOPHbIX NenTUAOB B UHTepBane 2—3 AHen
KoHTaKTa: IFNa 1 IFNB Ha 250% 1 6onee No3BONAET HUBEMPOBATb HErATUBHbIM MPOrHO3 Y NauueHToB. Hanbonee HU3KMe NoKasaTenu
(p <0,001) INFa Ha 1—2 cyT KOHTaKTa, a TaK¥Ke pPocCT K 3 AHI0 mMeHee 21% Habaogannch Y UL, C OKPYXKHOCTbIO Tanuu bonee
80/94 cm (KeHLMHbI/My>KUMHbI). 3a601eBaeMOCTb B AaHHOW rpynne 6bina Bbilwe W coctaBuna 85% (16 u3 20 yenosek).
MpeavkTopHoi ponu IL-18 m IL-10 B KPOBM U C/OHE B OTHOLLEHWM CTapTa MHQEKLIMOHHOMO MpoLecca He BbisiBAeHO. BeeaeHWe
npenaparta Ha ocHose PHK ABycrnMpanbHOM HaTPUEBOM COMM KOHTAKTHbBIM NaLyeHTam NO3BOIN/I0 CKOPPEKTUPOBATL MHTEPPEPOHOBbI
OTBET B BUAE NOBbILEHUA coaep:KaHus IFNa 1 IFNB, a TakKe CHM3UTb 3ab01eBaeMOCTb B CPaBHEHMM C rpynnoi naauebo.
3akntoueHue. OTIMumA UHTEPDEPOHOBOW perynaumm npu KoHTakte ¢ SARS-CoV-2 B Buae 6osee HU3KMX yposHel INF o u
3, a TakKe Mano BblpaXKeHHas AMHAMMKa POCTa B MHTepBase NepBbiX 3-X AHEN BAWANM Ha MOBbILEHME PUCKA Pa3BUTUA
COVID-19. PADAMWH®BUPO moxKeT bbITb peKOMEHA0BAH B Ka4yecTBe CPeACcTBa NMOCTKOHTAKTHOM npodunaktnkn COVID-19
KaK A1 MeAMLMHCKUX YYPEXAEHWUI, TaK U Y INLL, OCYLLECTB/AIOLLMX YXOZ4 U/UAN KOHTaKTMPOBaBLUKX C 6onbHbiMKU COVID-19.
KnioueBble cnoBa: KopoHasupyc; COVID-19; PHK aBycnupanbHoli Hatpuesaa conb; PAODAMUH®BUPO; npodunaktuka;
VHAYKTOP MHTEPdEpPOHOB

Cnucok coKpaweHuii: COVID-19 — uHdeKLMoHHoe 3abonesaHune, BbibiBaemoe Bupycom SARS-CoV-2; AT — acceHuManbHan
apTepuanbHaa runepteHsua; UM — uHayKTop UHTepdepoHoB; OP3 — ocTpoe pecnupatopHoe 3abonesaHue; MLP —
nonumepasHaa uenHasa peakums; IWRS — cucTema MHTEPaAKTUBHON WHTEpPHEeT-paHgaomusaumn; 3-UPK — anekTpoHHan
WHAMBUAYANbHAA PErUCTpaLMoHHas KapTa; IFNa — uHtepdepoH anbda; IFNP — nHtepdpepoH 6eta; IL1B — nHTepneikmH-16;
IL-10 — uHTepnelikuH-10; MAHK — meToz amnanduKaumm HyK1emHoBbIX KUCOT.

INTRODUCTION a factor in preventing the spread of the disease. Drugs

In the context of the COVID-19 pandemic (the
causative agent is the SARS-CoV-2 virus), taking into
account the frequent occurrence of genovariants and
their high contagiousness, the importance of preventive
measures increases, and a post-exposure prophylaxis is
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that can be used for this purpose should slow down the
spread of the epidemic and/or pandemic and reduce the
viral load on the body in the event of infection [1].

The course of a novel coronavirus infection has a
variety of clinical manifestations: from severe pulmonary
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lesions to a mild and/or asymptomatic course, which
may be directly related to the individual response of
the body to SARS-CoV-2, where regulatory peptides
(cytokines) have a significant impact on the development
and course of the diseases [2].

The interferon-mediated antiviral response has a
direct relationship with a viral load, which depends on
the infecting dose and the immune control degree of
replication. The antiviral effects of the drug based on RNA
double-stranded sodium salt are realized by stimulating
the synthesis of type | interferons, as well as by changing
the activity of the spectrum of toll-like receptors with
a secondary immunomodulatory effect, which s
realized through the links of both innate and adaptive
immunity [3]. In the early stages of the infection, despite
the inhibition of the endogenous HCoV IFN production,
the use of aninterferoninducer (ll) based on RNA double-
stranded sodium salt can act as a factor determining the
control of the SARS-CoV-2 replication [4].

With regard to quarantine measures, their effect
is not so high, because the data had been limited to
case tracking and reporting, the isolation of critically
ill patients in hospital, mild cases at home, and contact
tracing. To reduce contact and transmission among the
population, many countries have implemented social
distancing but a high contribution of asymptomatic
spread has shown the insufficiency of these
measures [5, 6]. At the same time, the shortcomings
of short-term measures have been noted; they are
associated with the risk of a resumption of the rise in
the incidence due to the late introduction of quarantine
or its early cancellation [7, 8].

The studies have shown that the forecast for the
spread of morbidity can be regarded as unfavorable.
Global trends in globalization and urbanization reducing
the effectiveness of administrative measures will not
play a leading role and will not have a significant impact
on the spread of epidemics and pandemics [9, 10].

Pharmaceutical companies around the world are
searching for new highly effective innovative molecules
characterized by both specific and nonspecific activities
against pathogens of socially significant infectious
diseases for a therapeutic and prophylactic use [11-13].

The COVID-19 pandemic has spurred the search for
effective antivirals for both treatment and prevention of
infectious diseases, and has shortened the timeline for
introducing antivirals into treatment regimens. In the
context of the pandemic, in clinical practice, the approval
for the use of drugs for the treatment and prevention of
COVID-19 was carried out according to an accelerated
scheme for chemotherapeutic and biological drugs with
constant and careful monitoring of their efficacy and
safety [14, 15].

Currently, there are signs of the COVID-19
pandemic subsiding, which is a good opportunity
to prepare effective therapeutic methods and
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replenish the “arsenal” with new effective and safe
drugs [16].

It should be noted that even with a large coverage
of the vaccinated and those who have already had
COVID-19, the risk of the infection remains quite high,
which is associated with the emergence of new SARS-
CoV-2 sublines. One of such examples is the sub-variant
of the SARS-CoV-2 virus (related to the XBB.1.16 line) —
Arcturus, which has a greater virulence and resistance
to the established immunity, as evidenced by a recently
published study by Indian scientists [17].

With regard to preventive measures, it should
be noted that a feature of the COVID-19 course is the
presence of asymptomatic carriers and/or mild cases with
symptoms of seasonal SARS, which, in turn, revealed the
insufficiency of isolation and social distancing measures
to control the pandemic [18, 19].

Taking into account the fact that families have
members whose professional activities are associated
with a continuous production and a constant contact
with other people, the risk of infection of other family
members increases significantly [20, 21].

As a prophylaxis, interferon therapy has an
immunomodulatory and indirect antiviral effect upon
contact with COVID-19 patients, contributing to the
optimal response to the penetration of the virus and
the production of intracellular antiviral proteins, which
seems appropriate and justified for controlling the
incidence in contact persons (family, work groups, mass
gatherings of people, medical institutions) [22].

In the early stages of the infection, the use of Il
promotes the production of anti-inflammatory cytokines
and, as a result, has a positive effect on reducing
the risk of developing life-threatening conditions in
patients [23].

Currently, in most industrialized countries including
the Russian Federation, there is a constant search for
effective molecules that have a direct and indirect effect
on socially significant infectious diseases in order to
prevent and treat them [24].

The results of a placebo-controlled study of
RADAMIN®VIRO (RNA double-stranded sodium salt)
prove its effectiveness in preventing a novel coronavirus
infection. In case of COVID-19, the symptoms of the
disease developed less frequently than in patients
in the placebo group. A decrease in the frequency of
development, duration and severity of the symptom
complex characteristic of COVID-19 indicates a high
efficiency of the drug. That actualizes the need to study
the effect of drug based on RNA double-stranded sodium
salt on the cytokine response (local and systemic) and the
feasibility of its use for the purpose of immunocorrection
in the context of therapy and prevention of respiratory
viral infections, primarily COVID-19 [25].

THE AIM of the work was to study cytokine
response characteristics in the group of persons
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contacted by a novel coronavirus infection depending
on the development of the disease over the next 14
days. Herewith, for the immunocorrection with a
preparation based on RNA double-stranded sodium
salt (RADAMIN®VIRO preparation) causing a secondary
reduction in the risk of COVID-19 in the analyzed group,
potential targets had been selected.

MATERIALS AND METHODS

Study design

Approval by the local ethics committee at National
Research Ogarev Mordovia State University (protocol
No. 5 dated May 17, 2020; approval dated April 30,
2022, protocol No. 105), a study of the local and systemic
cytokine response of patients with an essential arterial
hypertension (EAH) exposed to a novel coronavirus
infection, was carried out. The features of the cytokine
status associated with an increased risk of developing
COVID-19 had been identified. The study was conducted
from May 2020 to May 2022 based on the outpatient
department of Republican Clinical Hospital No. 3,
Saransk, Russia.

In the second part of the study (from June 1,
2022 to November 20, 2022), two groups were
formed to investigate the immune effector of RNA
double-stranded sodium salt. The 1st (placebo group)
comprised 15 people aged 45 to 55 years, with EAH,
who were in “close family contact” with COVID-19
patients. The 2" (Test drug group) comprised 14 people
aged 45 to 55 years with EAH who were in “close family
contact” with COVID-19 patients. They were included
in the study investigating the effects of the drug as
a part of an additional study to the Clinical Study
Protocol RAD-012022. The principle of a double-blind
placebo-controlled study was the following: at the time
of the administration and until the completion of the
second stage of the study, neither the doctor nor the
patient knew what therapy the subject was receiving,
but the patient knew that he could receive RNA double-
stranded sodium salt).

For dividing contact patients, two additional criteria
were also introduced: a waist circumference (less
than 80/94 cm (20 people) or more than 80/94 cm
(15 people), women/men), and a retrospective criterion
depending on the development of COVID-19 during
14 days of observation (sick and not sick).

The diagnosis of COVID-19 was established in
accordance with the current Interim Guidelines for
the Prevention, Diagnosis and Treatment of a Novel
Coronavirus Infection.

Contact persons (in the placebo group) were
administered a saline sodium chloride solution, 0.9%—5
ml once at the dose of 5 mg on the first day of treatment
of an infected family member, which corresponded to 2
days of a direct contact. In group 1, material sampling
(blood, saliva) was carried out three times: on the 1—-2"¢
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days of contact with an infected patient, then on the 3™
and 7" days.

In the Radamin group, the participants were
administered a drug based on RNA double-stranded
sodium salt once at the dose of 5 mg on the 1% day
of treatment of an infected family member, which
corresponded to 2 days of a direct contact when
compared withthe main group. Before the administration
of the drug based on RNA double-stranded sodium salt,
on the 2" day of contact with an infected patient, 1
day after the administration (corresponding to 3 days
of contact with an infected patient), 3 days after the
administration (corresponding to 6—7 days of contact
with an infected patient), blood and saliva were sampled.

The sampling of blood and unstimulated saliva for
the both groups was carried out in the morning on an
empty stomach (12 h without food and water). The blood
was centrifuged (ARMED LC-04B centrifuge, Russia),
followed by a serum separation and storage in labeled
test tubes at -30°C for no more than 45 days. Before the
saliva sampling, the participants rinsed their mouths with
distilled water for 2 min immediately before sampling,
and then saliva was collected for 15 minutes by passive
salivation into graduated tubes. The levels of interferon
alfa (IFNa) and interferon beta (INFB), interleukin-1B
and -10 (IL1B and IL-10, respectively) were determined
by enzyme immunoassay (ELISA) in the laboratory of
the Department of Immunology, Microbiology, Virology,
National Research Ogarev Mordovia State University, on
the enzyme immunoassay analyzer “Personal Lab TM”
(Adaltis, ltaly). The choice of the cytokines had been
justified by the data of the previously conducted study
and on the role of type |l interferons. The ratio of pro- and
anti-inflammatory cytokines in the antiviral immunity,
as well as the results of a pilot study of the immune
status of contact patients. The above studies were
carried out before the start of this study and included
32 cytokines, the results were not published by the
authors.

This study was conducted in accordance with the
rules of Good Clinical Practice of the International
Conference on Harmonization (ICH GCP), the ethical
principles set forth in the Declaration of Helsinki of the
World Medical Association (Fortaleza, 2013) and the
requirements of the Russian legislation. A biological
material (blood) was obtained for research taking
into account the provisions of the WMA Declaration
of Helsinki (2013) and the protocol of the Council of
Europe Convention on Human Rights and Biomedicine
(1999), taking into account the additional protocol to
the Convention on Human Rights and Biomedicine in the
field of biomedical research (2005).

Randomization of study subjects into groups
The subjects were randomized using an interactive
online randomization system (Interactive Web
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Randomization System, IWRS) embedded in an electronic
individual registration card (elRC). Before the start of the
study, each investigator-physician who was delegated
the responsibility of transferring the data to the elRC
was provided with an access code (a combination of a
username and password) to the elRC, as well as detailed
written instructions for working with the eIRC, including
the randomization procedure.

The randomization was carried out according to
the following algorithm. Each subject that met all of the
inclusion criteria and did not meet any of the exclusion
criteria was assigned a three-digit randomization number
by the IWRS system. The subject randomization number
and other relevant data were entered by the investigator
into the Subject Screening/Randomization Journal.

If a subject terminated the study participation
prematurely, their randomization number was not
reused and the subject was subsequently unable to
participate further on.

Inclusion criteria

The inclusion criteria are as follows: the age from
45 to 55 years, the history of vaccination to prevent
COVID-19 (no later than 6 months before the inclusion
in the study), a presentation of the first infected family
member on the 1%-2" days when clinical symptoms of
acute respiratory infections appear, a confirmation of the
COVID-19 diagnosis in a family member by an express
diagnostic method and then PCR, a consent of the
contact person to sample their material for research on
the 1% day of the infected family member’s presentation,
a consent of the contact person to participate in the
study within 14 days with signing of a voluntary informed
consent. For the main group, additionally, there should
be a consent to the administration of a drug based on
RNA double-stranded sodium salt, for the control group —
placebo (physiological saline (NaCl) 0.9% — 5 ml.).

Non-inclusion criteria

They are associated clinical conditions in history: an
acute cerebrovascular accident, myocardial infarction,
angina pectoris, coronary revascularization, renal
failure, type 1 diabetes mellitus, autoimmune, allergic
diseases, the use of glucocorticosteroids, antiviral drugs
and/or immunomodulators within 30 days before the
inclusion in the study, a refusal of a patient to a long-
term participation in the study.

Exclusion Criteria

A decision to exclude a subject from the study was
made by the investigator. The subject was withdrawn
from the study immediately if any of the following
situations occurred:

1. The occurrence during the study course of any
diseases or conditions that worsen the prognosis of
the subject, and make it impossible for the subject to
continue their participation in the clinical study.
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If a subject was diagnosed with COVID-19 based on
the results of SARS-CoV-2 RNA analyzes by the nucleic
acid amplification test (NAAT), selected both at the
screening stage and after it, and there was no need
for hospitalization of the subject, he was not excluded
from the study, he continued observation. If a subject
needed to be hospitalized during the study course, he
was excluded from the study.

2. Taking drugs of prohibited therapy or the need to
be prescribed them.

3. Pregnancy (for study participants).

4. An invalid inclusion of a subject that does not
meet the inclusion criteria and/or meets the non-
inclusion criteria.

5. Other violations of the Protocol, which, in the
opinion of the investigator, are significant.

6. A subject’s refusal to participate in the study.

7. Other administrative reasons.

Statistical analysis

A statistical analysis was carried out using
StatTech v. 2.8.8 (LLC “Stattech”, Russia) and StatSoft
Statistica 13.5. Quantitative indicators were assessed for
the compliance with the normal distribution using the
Shapiro-Wilk test (the number of patients in the group
is fewer than 50). The data are presented as median
(Me) and limits of 95% confidence interval (95% Cl) or
lower and upper quartiles (Q1-Q3). A comparison of
two groups in terms of the quantitative indicator, the
distribution of which differed from the normal one, was
performed using the Mann-Whitney U-test for unrelated
samples and the Wilcoxon test for dependent samples.
The level of statistical significance for small samples
(in this case, the effect of drug therapy on the risk of
developing the disease) was calculated using the Fisher
test (p <0.05).

To assess the diagnostic significance of quantitative
signs in predicting a certain outcome, the method of
analyzing ROC curves was used. The separating value of
a quantitative trait at the cut-off point (the cut-off point
was determined by the highest value of the Youden index)
was calculated based on the specificity and sensitivity
using the following formula: J=Sensitivity+Specificity—1
(where: J is the Youden index). The higher the specificity
and sensitivity were, the higher the values of the Youden
index were.

RESULTS

The persons who had been in the family contact with
COVID-19 patients but did not subsequently become
ill, had higher levels of INFa in the blood serum (more
than 2.5 pg/ml) and saliva (more than 28 pg/ml); IFNB in
the blood serum (more than 3 pg/ml) and saliva (more
than 12 pg/ml) at the time of the 12" days of contact.
According to the obtained data, the threshold value of
the INFa level in saliva on the 15-2"¢ days of contact,
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which corresponded to the highest value of the Youden
index (0.79), was 14.5 pg/ml, indicating an increased
risk of developing COVID-19 with a lower content of
cytokine in saliva (the area under the ROC-curve was
0.91740.055; 95% Cl=0.810-1.000). The resulting model
was statistically significant (p=0.004) and the level of
INFa in saliva in the first days of contact had predictive
information about the risk of developing COVID-19 in
the exposed persons. The prediction of IFNa levels in the
blood of the exposed persons on days 1-2 with respect
to the changes in the risk of developing COVID-19 in the
exposed persons was not detected (the resulting model
was not statistically significant, p > 0.05).

For INFB, the predictive value in relation to reducing
the risk of developing COVID-19 in the exposed persons
was its blood level of more than 2.7 pg/ml on days 1-2
(the area under the ROC-curve was 0.89+0.23; 95%,
Cl=0.76-0.93 The resulting model was statistically
significant (p=0.0034) and in saliva, there was 13.5 pg/ml
(the area under the ROC curve was 0.80+0.09; 95%
Cl=0.62-0.98 The resulting model was statistically
significant (p=0.038).

When comparing the dynamic characteristics of the
interferons contents (in the range between the 1%-2"¢
days and the 3™ one of contact with an infected patient)
in the persons who had not fallen ill during 14 days of
contact, an increase in INFa in saliva by 60—-70% on day
3 was determined; it was significantly higher (p <0.001)
than in the group of patients subsequently (10-23%).

The dynamics of the INFa contents in the same time
period (between the 152" days and the 3rd one of
contact with an infected patient) in the blood was not
detected (p>0.05). The threshold value of the percentage
increase in the level of INFa in saliva on the 3rd day of
contact at the cut-off point which corresponded to the
highest value of the Youden index (0.8), was 42%, which
determined a decrease in the incidence of an acute
disease when the percentage was above 42. The area
under the ROC curve was 0.95 (95% Cl: 0.87—1.000). The
resulting model was statistically significant (p=0.002).

The data of the dynamic growth of the INFB level
in saliva and blood demonstrate significant differences
in the groups: thus, the exposed persons (without
COVID-19 in the next 14 days of the observation) were
characterized by a threefold increase in the content of
INFB (p <0.001) by the 2" day of contact which remained
in saliva, and by 6-7 days of contact, but had leveled
in the blood by days 6-7 (Tables 1, 2). On day 3, the
threshold value of the percentage increase in the level
of INFB in saliva of the exposed persons at the cut-off
point, which corresponded to the highest value of the
Youden index (0.77), was 61%, which determined the
decrease in the incidence of the acute disease when
the percentage reached more than 61. The area under
the ROC — curve was 0.96 (95% Cl was 0.82-1.97). The
resulting model was statistically significant (p=0.004).
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It is important to note that on days 1-2 of contact,
the lowest values (p <0.001) of the INFa levels were
observed in the group of the individuals with a waist
circumference of more than 80/94 cm (women/men)
(in the blood 1.43 pg/ml, 95% Cl [1.27-2.39] pg/ml, in
saliva 11.7 pg/ml 95% CI [8.99-12.4] pg/ml), with a waist
circumference of less than 80/94 cm (women / men): in
the blood 2.57 pg/ml, 95% CI [1.48-2.97] pg/ml, in saliva
18.2 pg/ml 95% Cl [15.1-41.7] pg/mL, and by day 3 of
contact, the percentage of the increase was less than
21% [6-21]%. In this group of the exposed persons, the
incidence was 85% (16 out of 20 people). The incidence
among the persons with a waist circumference of less
than 80/94 cm (women/men) was 30% (3 out of 15
people).

Anincreaseinthe IFNaand INFB contentsinthesaliva
and blood of the persons who had been in contact with a
novel coronavirus infection in the absence of a disease in
the next 14 days, was not accompanied by an increase in
pro-inflammatory IL-1B. That significantly differed from
the group of patients with a developed disease within
14 days of contact (p <0.001), but occurred against the
background of an increase in anti-inflammatory IL-10 in
saliva by days 6-7 of contact (Tables 1, 2).

The administration of the drug based on RNA
double-stranded sodium salt intramuscularly at the
dose of 5 mg once on days 1-2 to the contact patients
with clinical manifestations of COVID-19, determined
a decrease in the incidence in the next 14 days when
compared with the placebo group. In the Test drug
group, no sick persons were identified out of 14 patients,
in the placebo group, 5 out of 15 contact persons which
accounted for 30%, fell ill (Table 3).

Based on the data obtained, when analyzing the
effect of the drug on the risk of developing the disease,
statistically significant differences were revealed
(p=0.042).

Taking into account the objective of the study, aimed
at identifying the potential for correcting the interferon
response with the administration of the drug RNA
double-stranded sodium salt, the dynamics of changes
in the content of IFNa and INF, IL-1B and IL-10 in saliva
and blood serum against the background of the use of
the drug was analyzed. At the time of the administration
of RNA double-stranded sodium salt or placebo, the
patients were characterized by comparable levels of
IFNa and INFB in the blood serum and saliva (p >0.05;
Tables 4, 5). According to the previously reported data,
they corresponded to an equal number of patients with
IFNa and INFB levels in saliva, to increase the risk of
developing COVID-19 through contact with a SARS-CoV-2
infected person. 1 day after the administration of the
drug, in serum and saliva of IFNa and INFB in the form
of the most pronounced increase in INFB (Tables 4, 5),
a statistically significant difference was noted between
the Radamin and placebo groups.
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Table 1 — Analysis of cytokine levels (pg/ml) in exposed persons blood on the novel coronavirus infection,
depending on the development of the disease during the observation period

Indicators Groups Disease risk p
Me Q—Qs3 n, persons

INFa days 1-2 of contact ~ Not sick 2.61 2.23-3.01 32 0.030*
Sick 2.15 1.67-2.29 35

INFa day 3 of contact Not sick 2.74 2.38-2.96 32 0.015*
Sick 2.17 1.33-2.24 35

INFa day 7 of contact Not sick 2.74 2.33-3.62 32 0.001*
Sick 2.08 1.64-2.35 35

INFB days 1-2 of contact  Not sick 3.51 3.12-4.92 32 0.019*
Sick 1.82 1.08-2.84 35

INFB day 3 of contact Not sick 13.3 6.17-15.8 32 <0.001*
Sick 1.92 1.32-2.23 35

INFB day 7 of contact Not sick 5.42 4.93-6.27 32 <0.001*
Sick 2.35 1.28-3.17 35

IL1B days 1-2 of contact Not sick 4.51 4.26-5.39 32 0.204
Sick 8.87 4.44-9.23 35

IL1 B day 3 of contact Not sick 5.09 4.51-7.10 35 0.015*
Sick 21.5 14.50-24.78 32

IL1 B day 7 of contact Not sick 4.73 4.22-5.28 35 0.011*
Sick 19.5 16.70-22.50 32

IL-10 days 1-2 of contact ~ Not sick 9,72 9.05-10.39 35 0.06
Sick 11.8 8.99-14.72 32

IL-10 day 3 of contact Not sick 10.6 8.96-11.30 35 0.07
Sick 12.2 11.20-13.70 32

IL-10 day 7 of contact Not sick 10.1 9.43-11.27 35 0.394
Sick 11.1 9.95-12.20 32

Note: * —significant when comparing groups (“Sick” and “Not sick”) by the Mann-Whitney U-test.

Table 2 — Analysis of cytokines levels (pg/ml) in exposed persons’ saliva on the novel coronavirus infection,
depending on the development of the disease during the observation period

Cytokine level

Indicators Groups e o o persons p
INFo days 1-2 of contact :Z’;Skk ig; ;81;:‘1‘2; ;g 0.003*
INFa day 3 of contact ’S\lizESiCk iiﬁ g‘;ijg zg <0.001*
INFa day 7 of contact SNI‘C’E sick iiz 35;:‘11;; :; <0.001*
INFB days 1-2 of contact :ZESiCk ‘11.73-4213 g:ig:ig ig 0.035*
INFB day 3 of contact 's\'i‘c’ESiCk 2_19-: 3_73:3053 2; <0.001*
INFB day 7 of contact :‘c’ismk i;; ig?:ggzz g; <0.001*
IL1 B days 1-2 of contact gzi sick ;gio ;2;3;136 2§ 0.057
IL1 B day 3 of contact Slei sick i;i i;;‘:ﬁi §§ 0.005*
IL1 B day 7 of contact ;‘C’E“Ck ;gi ;igjg; §§ <0.001*
IL-10 days 1-2 of contact 22& sick ;320 ;i‘l‘jzz §§ 0.63
IL-10 day 3 of contact :‘C’ESiCk 2(7)12 ;;;:i;g §§ 0.75

Not sick 43.7 40.6-60.5 32 0.019*
-0 day 7 of contact g 318 27.635.1 35

Note: * — significant when comparing groups (“Sick” and “Not sick”) by the Mann-Whitney U-test.
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Table 3 — Analysis of the effect of therapy with drug based on RNA double-stranded sodium salt
(compared with the placebo group) on the incidence of COVID-19 among the persons exposed
to the novel coronavirus infection

Risk of disease

Groups Risk of disease
o Not sick Sick ! !
Radamin 14 (58.3) 0(0.0)
0.042*
Placebo 10 (41.7) 5(100.0)

Note: * — differences in indicators are statistically significant (p <0.05; Fisher criterion).

Table 4 — Analysis of the cytokines levels (pg/ml) in the contact persons’ saliva on the novel coronavirus
infection, depending on the administration of drug based on RNA double-stranded sodium salt

: Levels
Indicators Groups p
Me Q—Qs n, persons

INFa before Radamin 335 11.8-41.7 14 0.760
the administration Placebo 35.4 12.1-40.3 15 )
INFa in 1 day after Radamin 58.3 42.4-62.7 14 0.005*
the administration Placebo 41.4 11.7-48.3 15
INFa in 3 days Radamin 41.7 34.5-49.1 14 0.026*
the administration Placebo 29.6 21.3-37.9 15 '
INFB before the Radamin 8.30 3.65-18.5 14 0.247
administration Placebo 16.6 8.04-19.9 15
INFB 1 day after Radamin 59.1 54.3-61.9 14 0.003*
the administration Placebo 52.7 7.26-54.1 15 '
INF1b 3 days after Radamin 52.5 46.3-56.7 14 0.541
the administration Placebo 54.3 24.4-61.3 15
IL1 B level before Radamin 201 17.9-24.5 14 0.600
the administration) Placebo 19.5 17.1-23.4 15 ’
IL1 B in 1 day after Radamin 24.6 22.4-28.8 14 0.965
the administration Placebo 23.7 22.2-35.4 15
IL1 B in 3 days after Radamin 19.5 18.6-19.7 14 0.175
the administration Placebo 19.7 19.3-58.1 15 '
IL-10 level before Radamin 27.6 24.5-33.3 14 0.585
the administration Placebo 27.2 24.7-32.6 15 '
IL-10 in 1 day after Radamin 22.8 20.5-26.7 14 <0.001*
the administration Placebo 32.7 29.8-33.7 15 '

. Radamin 41.2 39.1-43.5 14
L;jgé?n?n?:t\:sa;::r Placebo 62.4 38.3-68.1 15 0.064

Placebo 21.1 6.53-28.4 15

Note: * —significant when comparing groups (“Sick” and “Not sick”) by the Mann-Whitney U-test.

144 Volume XI, Issue 2, 2023



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOTUA

OPUTNHAJIbHAA CTATbA
DOI: 10.19163/2307-9266-2023-11-2-137-148

Table 5 — Analysis of the cytokines levels (pg/ml) in the blood of contact persons for a new coronavirus infection,
depending on the administration of drug RNA double-stranded sodium salt

Indicators Groups Levels p
Me Q—Qs n, persons
INFa before the Radamin 2.31 2,09-2,49 14 0.810
administration Placebo 2.21 2,12-2,57 15 !
INFa in 1 day after Radamin 271 2,47-3,08 14 0.043*
the administration Placebo 2.31 2,00-2,63 15 !
INFa in 3 days after Radamin 2.98 2,45-3,91 14 0.041%
the administration Placebo 2.45 2,13-2,68 15 !
INFB before the Radamin 2.95 1,61-4,66 14 0371
administration Placebo 4.15 2,51-4,97 15 !
INFB 1 day after Radamin 14.6 13,81-15,53 14 <0.001*
the administration Placebo 4.20 3,16-5,24 15 !
INF1b 3 days after Radamin 5.55 4,84-6,27 14 0071
the administration Placebo 4.44 3,41-5,47 15 !
IL1 B level before Radamin 4.51 4,30-7,49 14 0.965
the administration Placebo 5.19 4,23-7,39 15 !
IL1 B in 1 day after Radamin 5.97 4,78-9,23 14 0.485
the administration Placebo 4.75 4,13-12,9 15 !
IL1 B in 3 days after Radamin 4.95 4,59-5,55 14 0913
the administration Placebo 477 4,27-11,8 15 !
IL-10 level before Radamin 9,99 9,51-11,1 9 0619
administration Placebo 9,67 9,23-10,7 12 !
IL-10 in 1 day after Radamin 10.8 10,4-11,4 12 0.488
the administration Placebo 9,51 9,03-11,6 12 !
IL-10 in 3 days after Radamin 10.3 9,9-11,5 12 0382
the administration Placebo 9,84 9,21-11,6 14 !

Note: * —significant when comparing groups (“Sick” and “Not sick”) by the Mann-Whitney U-test.

According to the previously described data related
to the group with an extremely high risk of developing
the disease, when comparing individual indicators
of changes in the content of interferons in the blood
serum and saliva of contact persons, it was found out
that in the patients (6 out of 14) with IFNa levels in the
blood of less than 2.5 pg/ml and INFB less than 3 pg/
ml, and saliva less than 28 pg/ml, with the of the drug
RNA double-stranded sodium salt, an increase in the
concentration of these interferons by 2.5-3 times per
day after the administration was noted. At the same
time, it was also noted that these patients reached the
indicators of individuals with a low risk of developing
an acute disease. The analyzed 6 patients of this group
were also characterized by a waist circumference of
more than 80/94 cm (women/men). This trend in the
form of a significant increase in the contents of IFNa and
INFB in individuals with comparable concentrations of
interferons and waist circumferences above the norm
was not registered with the administration of placebo.

DISCUSSION

In most cases, an immune response against human
coronaviruses (HCoV), including a severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) [26, 27], is
characterized by low levels of types | and Ill interferons
(IFNs). This factor leads to an increase in the viral load
followed by a hyperimmune response. The significance of
the local and systemic interferon response is a significant

Tom 11, Beinyck 2, 2023

factor both in the initiation of COVID-19 in contact persons
and in the formation of clinical course features [28, 29].

In the course of the present study, it was
demonstrated that the content of INFa in saliva less
than 28 pg/ml and IFNB less than 12 pg/ml on the 152"
days of contact predicts an increased risk of developing
COVID-19 in the persons who have been in contact with
a novel coronavirus infection. However, in the interval
of 2-3 days of contact, the degree of increase in these
immunoregulatory peptides is also important, since an
increase in IFNa and IFNB by 250% or more makes it
possible to level the negative prognosis in this category
of patients.

It should be noted that the study was conducted
during the period of dominance in the circulation
of the Omicron virus variant, which, according to
researchers, changes the synthesis of interferons to
a lesser extent [28]. However, individually low IFNa
and INFB concentrations in saliva and blood, being a
pathophysiological feature of patients, are primarily,
with a waist circumference of more than 80/94 cm
(women/men) and acting as a risk factor for developing
COVID-19 in this category of patients upon the contact
with a SARS-CoV-2 infected person, regardless of the
virus associated with the variant, are able to suppress
the data synthesis of immunoregulatory peptides.

Due to the high contagiousness of the novel variants
of Omicron (Centaur, Cerberus, Kraken, Arcturus), the
medical community attaches great importance to the
search for the drugs that can correct the insufficient
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(slow) interferon response in the patient at the time
of the infection. The administration of the drug based
on RNA double-stranded sodium salt (RADAMIN®VIRO)
once intramuscularly at the dose of 5 mg determined
the modification of both local and systemic interferon
responses without a hyperactivation of the pro-
inflammatory cytokine IL-1B. The most significant result
of the use of the drugis anincrease in the content of IFNa
and INFB in individuals with initially low levels, both in
the blood and saliva, which, according to their own data,
refers these patients to an increased risk of developing
COVID-19 when they have a close family contact with
an infected patient. In more cases, these patients were
characterized by an increase in the waist circumference
of more than 80/94 cm (women/men), which allows
us to put forward a hypothesis about the additional
significance of correcting the local and systemic
interferon response in overweight and obese individuals
who are in contact with a novel coronavirus infection.
The use of a drug based on sodium ribonucleinate,
reduces the risk of initiation and a complicated course
of this infection.

The data of the present study indicate that the
administration of the drug based on RNA double-
stranded sodium salt did not reveal an average increase
in the levels of anti-inflammatory cytokine (IL-10) in
contact persons in the blood serum and saliva, which
may depend on the multimodal effects of the drug, as
well as on the characteristics of the individual immune
response. A patient’s status is realized through a
protective and blocking effect on the reproduction of
the virus in the incubation period, thereby leveling the
pathophysiological need for the growth of IL-10.

CONCLUSION

The differences in the interferon regulation of the
immune response upon a contact with SARS-CoV-2 in
the form of lower INF o and B levels, as well as a slightly
pronounced growth dynamics in the interval of the
first 3 days, affected the increased risk of developing
COVID-19, which had a pathogenetic justification. A

clinically significant hypothesis put forward in the work
is the association of a waist circumference of more than
80/94 cm with baseline low levels of type 1 interferons
in the blood and saliva, which indicates a greater
importance of correcting interferon synthesis in this
category of patients. Undoubtedly, given the cascade
type of work of the cytokine system, the revealed
differences in the concentrations of pro-inflammatory
IL-18 and anti-inflammatory IL-10 in the individuals
with the development of an infectious process are of
the fundamental importance, but these differences are
secondary and reflect the onset of the disease in one of
the groups. The levels of IL-1B and IL-10 at the time of
the infection did not show a predictor role.

It is important to note that the IFN-mediated
antiviral response depends on the viral load, which is the
sum of the infecting dose and the degree of the immune
control of replication. Interferonogen preparations have
the potential to correct interferon synthesis, which
is pathogenetically significant in the initiation and
development of SARS-CoV-2 infection.

Despite the inhibition of endogenous IFN production,
the use of an interferon inducer like RNA double-
stranded sodium salt may be the factor determining the
control of SARS-CoV-2 replication, especially in the early
stages of the disease. It isimportant to note the safety of
the drug, because the endogenous control mechanisms
of the interferons contents in the body are preserved
not higher than protective concentrations.

Thus, drug based on RNA double-stranded sodium
salt can be recommended as a means of post-exposure
COVID-19 prophylaxis, both for medical institutions
(outpatient clinics and hospitals), and for those caring for
and/orin contact with COVID-19 patients (including labor
collectives and places of people’s mass gathering). The
use of RADAMIN®VIRO 5 mg (1 vial) intramuscularly once
for the purpose of COVID-19 post-exposure prophylaxis
significantly reduces the risk of contracting this disease,
and has also a significant impact on reducing the burden
of coronavirus infection in the socio-economic aspect of
the fight against the pandemic.
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The aim of the work was to analyze Russian and foreign experience in the regulation and application practice of “off-label”
drugs in order to develop recommendations on the optimization of their application in clinical practice.

Material and methods. The analysis of scientific articles and legal documents of the Russian Federation and foreign countries
published from 2011 to 2022 on the websites Consultant Plus, FDA, EMA, NCBI, e-library, as well as a qualitative sociological
study conducted in May-August 2022 — 11 in-depth interviews with experts in the field of the healthcare system of the
Russian Federation.

Results. The social and economic aspects have been considered and the list of legal problems in the application practice
of “off-label” drugs has been disclosed. A state analysis of the regulatory and legal framework on the drugs application
practice by healthcare professionals in the absence of registered indications for “off-label” drugs use has been presented.
The use of an unregistered medicinal product in the territory of the Russian Federation in everyday medical practice has
been considered. The analysis of the Russian and foreign experience in regulating the use of drugs in the absence of their
registration in the country, as well as the absence of registration of some indications for their prescription in the instructions
for the medical use of such drugs has been also carried out. The authors have formulated the key problems of the use of
“off-label” drugs in clinical practice. Based on the results of the in-depth interviews, the recommendations of the expert
community on the ways to optimize the use of “off-label” drugs have been identified and concretized.

Conclusion. The results of this study made it possible to formulate recommendations for expanding the ability of specialists
to prescribe “off-label” drugs treatment while maintaining a proper degree of the state control over this process: a legislative
consolidation of the regional health authorities’ obligations and responsibilities on the drug provision; creating an open and
transparent system for the “off-label” drugs use by patients and their legal representatives, the mandatory full information of
the patient about the fact of using the “off-label” drug, as well as the risk and nature of the development of possible adverse
reactions. When prescribing these drugs, the patient safety should be the top priority.

Keywords: drugs; misuse; “off-label” prescriptions; regulation and practice of drug use; patient safety

Abbreviations: RLA — regulatory legal act; AR — adverse reaction; EMA — European Medicines Agency; GOLUP — Good
Off-Label Use Practices; US FDA — United States Food and Drug Administration; VED — Vital and Essential Drugs; CTs — clinical
trials; CMI — compulsory medical insurance; HTMC — high-tech medical care.
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Lienb. MpoaHann3nMpoBaTb POCCUNCKUIA U 3apyDeKHbIW OMbIT PEryIMpoBaHUA U MPAKTUKN NPUMEHEHUA NEKAPCTBEHHbIX
npenapatos (/1M) «off-label» gns BbipaboTKM pekomeHAaLMIi Mo cnocobam ONTUMMU3ALUMN UX UCNONb30BAHWUSA B KIMHNUYECKOM
npaKTuKe.

Matepnan M metoabl. AHaAM3 HayyHbIX CTaTeil M HOPMATUMBHO-MPaABOBbLIX [OKYMEHTOB Poccuiickon Penepauun
1 3apybexkHbIX cTpaH, onybinkoBaHHbIX ¢ 2011 no 2022 roga Ha caitax KoHcynbtaHTlatoc, Food and Drug Administration,
European Medicines Agency, National Center for Biotechnology Information, e-library, a Take KayecTBeHHOE
COLMONOrMYECKOE UCC/ief0BaHNe, NpoBeaEHHOE B Mae-aBrycte 2022 roga, a MMeHHO 11 rybUHHbIX MHTEPBbBIO C 3KCNepTamm
B 06/1aCTU cUCTEMbI 34paBOOXpaHeHUA Poccuiickoit ®epepaumm.

Pe3ynbTaTtbl. PacCMOTpEHbI COLMANbHO-O9KOHOMMYECKME acneKTbl M PaCKPbIT MepedyeHb MpPaBoBbiXx MpPobsem MpaKTUKK
npumeHenus fM «off-label» MpeacraBneH aHanM3 cOCTOAHUA HOPMATUBHO-MPABOBOM Hasbl MO BOMPOCaM MCMO/Ib30BaHUA
NN cneumanucTamy 34paBOOXPAHEHUA B YC/NIOBMAX OTCYTCTBUA 3apPErMCTPUPOBAHHBLIX MOKAa3aHMI MO MNPYMEHEHUIO
IEKaPCTBEHHOrO CPEACTBA; NPUMEHEHNA HE3aperMcTPMpPOBaHHONO IEKAPCTBEHHOMO CPeACTBa Ha Tepputopun Poccuiickoi
Penepaunn B noBcesHEBHOM BpauebHOM NPaKTUKeE; aHaIM3 POCCUMICKOro U 3apybekHOro onbITa peryimpoBaHna NpUMeHeHna
JIN B ycnoBWAX OTCYTCTBUA WX PETUCTpaLMM B CTPaHe, a TaK:Ke OTCYTCTBMSA PEermcrpaumm HEKOTOPbIX MOKa3aHWU K WX
Ha3HaYeHWIO B UHCTPYKLMM MO MEAULMHCKOMY MPUMEHEHMIO IEKAPCTBEHHOTO CPeacTBa. ABTopamu 6bian chopmyiMpoBaHbI
KntoyeBble Npobaembl npumeHenus /MM «off-label» B kKnuHUYeckon npakTuKe. Mo pesynbtatam ryOUHHBIX UHTEPBBIO HbiNn
BbIAB/NEHbI M KOHKPETU3MPOBaHbI PEKOMEHZALIMU IKCNEPTHOrO coobliecTsa no cnocobam onTumusaumm npumeHeHus M
«off-label».

3akntoueHue. Pe3ynbTaTbl HACTOALLETO UCCEA0BAHMSA CTaIM OCHOBOMW ANA GOPMYNNMPOBAHUA PeKOMEHAALMI 418 pacluMpeHUs
BO3MOXXHOCTEN CneumannctoB HasHayatb iedeHue JIMN «off-label» npu ogHoBpemeHHOM cOXpaHeHWU AOMKHOW CTeneHu
roCyZAapCTBEHHOrO KOHTPO/IA 33 AaHHbIM MPOLLECCOM: 3aKOHOAATe/IbHOe 3aKpeneHne 06A3aTenbcTe U OTBETCTBEHHOCTU
pernoHasibHbIX OPraHoOB yNpas/eHWs 34paBOOXPAaHEHMEM MO BONPOCaM JIeKapCTBEHHOTO obecneyeHus; Co3AaHNe OTKPLITOM
M Npo3payHoi cnuctembl npumeHenus /1N «off-label» ana naumeHToB M/MAKM MX 3aKOHHbIX NpeacTaBuTenen, obasaTenbHoe
nosHoueHHoe MHGopmMUpoBaHMe maumeHTa o dakte npumeHeHusa JIM «off-label», a Takke pucke n xapaktepe passutua
BO3MOXKHbIX HEXeNaTeNbHbIX peakuuini. OCHOBHbIM NPUOPUTETOM MPU HAa3HAYEHUU TaKUX NPenapaToB AO/IKHA BbICTYNaTh
6e30nacHOCTb NauyeHTa.
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JIeKapCTB He Mo NpPAMOMY HasHauveHuto; US FDA — YnpaBaeHue No CaHMTapHOMY HaA30pYy 3a KAYEeCTBOM MULLLEBbLIX NMPOAYKTOB
1 megukameHToB CLUA; }HBJIM — }KM3HEHHO HEOBXOAUMbIE U BaXKHENLME IeKapCTBEHHbIe npenapaTbl; KU — KanHuyeckune
nccneposaHus; OMC — obasaTesnibHOe MeaULMHCKOE CTpaxoBaHWe; BMIT — BbICOKOTEXHO/IOTMYHAsA MeAULMHCKAA MOMOLLb.

INTRODUCTION

The use of drugs for indications not specified
in the instructions, including prescriptions for other
diagnoses, changing the administration methods and
dosages, has been an inevitable practice for quite a
long period of time [1-4]. Prescribing and dispensing
drugs outside the registered indications (informally
“off-label” ones) still remains an urgent legal problem
and a problem in the clinical practice, caused primarily
by unmet clinical needs [5-8]. This is due to a number
of reasons: the need, in some cases, to provide
medical care to a patient in the absence of registered
drugs[9, 10]; thereluctance of pharmaceutical companies
to invest in clinical trials and registration of additional
indications [11]; the doctor’s lack of temporary (high
workload), organizational and technical possibilities to
clarify the indications for the use of a particular drug
specified in the registration dossier [12], as well as a
number of individual characteristics of the medical
specialist and the patient (insufficient qualifications,
ignorance of the responsibility for prescribing the “off-
label”, false beliefs) [13, 14]. In some cases, it is not one,
but a combination of the above factors that leads to the
incorrect use of drugs [15].

Although the effectiveness of the “off-label” drugs
use has not been officially confirmed, their use in clinical
practice can serve as a means of saving patients’ lives
with rare diseases, infancy or senile patients, pregnant
and lactating women, as well as the patients in case
of detection of new infectious diseases, for which the
etiotropic therapy has not been developed yet (for
example, COVID-19) [16].

One of the important problems of the “off-label”
drugs use outside the registered indications is their
“confusion” in terminology. According to the definition
given by the Food and Drug Administration of the United
States of America (Food and Drug Administration, US
FDA), an “off-label” prescription is the use of a medical
device or drug for the indications not approved in the
instructions, in a different dosage form or regimen,
as well as in the populations not specified in the
instructions [17]. At the same time, in regulatory legal
acts and publications regarding the use of “off-label”
drugs, there is such a formulation of this phenomenon
as the prescription of the drug for “the indications that
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are different from the indications for the use contained
in the instructions”, i.e., “the incorrect use”, which
significantly narrows the concept [18].

The cases in which the use of drugs occurs “off-
label”, include the following ones: the use of the
drugs not registered in the country; prescribing a
drug contraindicated in this pathology; prescribing a
drug for unregistered indications; prescribing a drug
to the populations not specified in the instructions
(pregnant women) or age groups (children, the
elderly); a simultaneous prescribtion of adverse drugs
combinations; the use of drugs in violation of the
methods of application (multiplicity, dosing, route of
administration, duration of treatment) [17-19].

Any practicing physician, regardless of their
specialization, repeatedly resorts to “off-label”
prescriptions [20]. The main groups of patients, among
which “off-label” drugs are most widespread, are
children, pregnant women, elderly and senile patients,
patients with oncological and orphan diseases, patients
receiving palliative care, psychiatric patients [18, 21-23].

In these groups, conducting clinical trials (CTs)
necessary for the inclusion of the relevant indications
in the instructions for the use of medicinal products
is usually difficult, and in some cases — completely
impossible for ethical reasons. These are the main
reasons for the impossibility of including a number of
drugs in the list of “Vital and Essential Drugs” (VED),
clinical guidelines and standards of medical care. As a
result, the use of “off-label” drugs cannot be paid for
by the compulsory medical insurance (CMI) system or
budgetary funds as parts of a high-tech medical care
(HTMC) provision.

THE AIM of the work was to analyze Russian and
foreign experience in the regulation and application
practice of “off-label” drugs in order to develop
recommendations on the optimization of their
application in clinical practice.

Research objectives:

1. Assess the prevalence of “off-label” drug use in

the international clinical practice.

2. Analyze the regulatory and legal framework on
the drugs application practice in the Russian
Federation and abroad.

3. Find out the experts’ opinion on the use of
“off-label” drugs.
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MATERIALS AND METHODS

The main methods used in this work are the
analysis of domestic and foreign scientific articles on
the regulation of circulation and practical application
of the “off-label” drugs, published from 2011 to 2022
on the websites of Consultant Plus, FDA, EMA, NCBI,
e-library, and regulatory legal documents of the
Russian Federation and foreign countries; qualitative
sociological research using the methodology of in-depth
interviews.

In-depth interviews! with experts in the field of the
healthcare system of the Russian Federation citizens
were conducted in May-August 2022. The in-depth non-
formalized interview questionnaire was a list of topics
to be clarified. The topics were formulated in both
narrative and interrogative forms. These grammatical
forms were interchangeable, with the aim of choosing
any of them, or a combination of them, by researchers
to their liking. Depending on the type of a semantic
connection, the topics of the questionnaire were divided
into narratives, descriptions and reasoning. Compared
to other qualitative research methods, this method
provided in-depth information due to the fact that the
entire time duration of the topic under study discussion
is focused on the interviews with one participant. It
should be noted that the absence of other participants’
influence makes it possible to uniquely identify the
author of the answer and compare the results obtained
with the respondent’s characteristics.

11 specialists of various profiles took part in this
study as experts: a representative of the State Duma
of the Federal Assembly of the Russian Federation
(1 expert); the Regional Children’s Clinical Hospital of
the National Medical Research Center for Radiology
(1 expert); Institute of Management and Translational
Medicine of Dmitry Rogachev National Medical
Research Center of Pediatric Hematology, Oncology
and Immunology (2 experts); Hematological Research
Center (2 people); Institute of Hematology, Immunology
and Cell Technologies of Dmitry Rogachev National
Medical Research Center of Pediatric Hematology,
Oncology and Immunology (2 experts); Blokhin National
Medical Research Center of Oncology (3 experts);
pharmaceutical concern Bayer JSC (1 expert); vice
president of the Society of Evidence-Based Medicine
Specialists (osdm.org) (1 expert). The average age of the
respondents was 4515 years. For all the respondents,
the same conditions had been created for the place
and time of the interview. The interviewees were also
informed and, in turn, agreed to publish the results of
the survey.

* An in-depth interview is unstructured, direct, personal interview,
single respondent probed by highly skilled interviewer to uncover
underlying motivations, beliefs, attitudes, and feelings on a topic.
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RESULTS AND DISCUSSION

Use of “off-label” drugs in international

clinical practice

The phenomenon of using “off-label” drugs has
been studied by a number of domestic and foreign
researchers [24-27]. According to Kuznetsova E.u.
et al. (2020), more than 62% of doctors noted the need to
prescribe “off-label” drugs in their clinical practice [27].
At the same time, experts indicate the lack of alternative
treatment options and the need to provide palliative
care to seriously ill patients as the main reasons for the
use of drugs in violation of the instructions [27, 28].

Most often, this practice is found in oncology,
hematology, and pediatrics [29—-31]. A systematic review
published in 2017 summarized the results of 23 studies
published between 1975 and 2016. The frequency of
“off-label” drugs use in oncology was 6—-82%, depending
on the type of tumor, stage, drug, and age of the patient.
It has been shown that “off-label” drugs are equally often
prescribed for both outpatient and inpatient treatment.
The main reasons for the use of “off-label” drugs were
the absence of indications for the use of drugs in a
certain type of tumor (9-46%), as well as a change in the
regimen of the drugs use (10-40%). “Off-label” drugs in
oncology are used most often as a part of palliative care
(34-76%), less often for curative (10-41%) or adjuvant
therapy (8.5-49%) [32].

Another clinical specialty in which “off-label” drug
prescriptions are widespread is pediatrics [33-35].
The frequency of the “off-label” drugs use outside the
registered indications in this area reaches 87.7% [36].

According to Pryadkina E.A. et al. (2018), when
analyzing the frequency and structure of “off-label”
drugs prescriptions indicated in the medical records of
the Department of Pediatric Day Hospital for Hematology
and Oncology, 69% of case histories contained 93 “off-
label” drugs prescriptions, among which 39 prescriptions
did not match instructions on the recommended age of
the patient, 14 — by the dose of the drug, 39 — according
to the registered use indications, 1 — according to the
drug dosage form. The main groups of “off-label”
drugs were immunosuppressants (29%); interferons
(15%); complexing agents (12%). In 68% of cases, “off-
label” drugs were prescribed for the treatment of
the underlying disease, in 32% — for the concomitant
pathology [37].

Such a high prevalence of “off-label” prescriptions
is due to the laboriousness and cost of conducting large
clinical trials in a relatively small population of patients,
and the lack of economic incentives for such studies. As a
result, in the instructions for the use of drugs, the aspects
related to the possibilities and features of their use in
children are the least developed. Among the registered
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drugs, only 33% are approved for use in children: 23% —
in an early childhood (1-3 years old), 9% —in infancy (up
to 1 year old). At the same time, it is known about an
increased risk of developing toxic effects on the drugs in
children compared with the adult population, as well as
the presence of specific adverse reactions (ARs) [18, 38,
39]. The frequency of complications in the use of “off-
label” drugs in pediatrics ranges from 23 to 60%, and the
relative risk of their occurrence is 4.43 times higher than
in cases of their use according to indications [33, 36].

The study by Matveev A.V. et al. (2018) showed that
47.7% of cases of the ARs development in the children
of the Republic of Crimea in the period from 2011 to
2016 were associated with the prescription of “off-label”
drugs. While 36.1% of the identified episodes were
classified as a drug use for unregistered indications,
31% occurred with a frequency violation of the
administration and the administration timing; in 20.7%,
contraindications for use were not taken into account;
19.4% were characterized by a dosing violation; 18.7% —
by an unspecified route of administration; in 2.1%,
there was ignoring of an allergy history. The majority
(52.7%) of the “off-label” drugs prescriptions were for
the patients aged 29 days to 1 year [40].

The uncontrolled use of “off-label” drugs can cause
negative consequences for both doctors and patients who
have turned to them [27, 41]. It should be noted that once
a drug meets the safety and efficacy standards required
to obtain the FDA approval, it might be used for new
indications and/or in the populations other than those
for whom it had been approved. An example of such a
use of “off-label” drugs is a therapy of a new coronavirus
infection specified in the clinical recommendations of
various countries. At the beginning of the pandemic,
for the treatment of COVID-19, medical specialists used
various drugs registered for the treatment of a similar
infectious pathology [42, 43]. At present, 16 versions
of interim guidelines for the treatment of coronavirus
infection have already been formed. However, during
the pandemic, an active search was made for effective
treatment regimens using “off-label” drugs, since in the
initial period of the pandemic there were no drugs which
indications for use would include the infection caused by
SARS-CoV-2 strains [27, 42].

The use of “off-label” drugs has also a negative
experience. Thus, one example of the development of
severe ARs with an uncontrolled prescription of drugs
is the case of the blindness development caused by
using the antitumor agent bevacizumab in Romania.
The doctor who had prescribed the drug was accused
of negligence [44]. At the same time, the relevant
ministry made a statement that in cases of using an
“off-label” drug, the healthcare professionals involved
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in the process of prescribing and using it, bear a full
responsibility?.

In Russia, there were also several high-profile stories
associated with harm to the life and health of patients
as a result of the use of “off-label” drugs [45]. One of
them is associated with the prescription of misoprostol
in the Republic of Dagestan in 2016. According to the
official instructions, this drug is a treatment for gastric
and duodenal ulcers, but it was prescribed to a patient
for the purpose of terminating a pregnancy, which led to
the woman’s death. The relatives of the deceased patient
filed a lawsuit for damages. During the proceedings, it
was established that the cause of death was the use
of this “off-label” drug, the claim of the plaintiffs was
satisfied, and the medical organization was brought to
a civil liability?.

In 2014, for the use of “off-label” ceftriaxone when
diluted with an incorrect concentration of a lidocaine
solution (10% instead of 1%) and the patient’s death
associated with this, an Ulan-Ude paramedic was
sentenced to imprisonment under Part 2 of Article
109 “Causing death by negligence due to improper
performance by a person of his professional duties” of
the Criminal Code of the Russian Federation”*.

The described cases indicate the need to develop
and introduce additional measures of detailed legal
regulation into wide practice, and control over the use
of “off-label” drugs.

Legal regulation of “off-label” medicinal products

use in the Russian Federation and abroad

A legal regulation of prescribing and use of “off-
label” drugs in the Russian Federation today is very
ambiguous. The possibility of using a drug in this variant
is rather superficially indicated in paragraph 15 of
Art. 37 “Organization of delivery of health care” of
Federal Law No. 323-FZ “On health protection of citizens
in the Russian Federation”. According to this law, “the
prescription and use of medicines, medical devices and
specialized medical food products that are not included
in the relevant standard of medical care or not provided
for by the relevant clinical recommendation, are allowed
if there are medical indications (individual intolerance,
according to vital indications) by decision of the medical
commission.” Herewith, it is emphasized that “the
effect of this requirement may be changed in relation to

2 Press Release of ANMDM Regarding the Off-Label Use of AVASTIN
[Comunicat de Presa al ANMDM Referitor la Utilizarea off_Label a
AVASTIN (bevacizumab)]. Available from: https://www.anm.ro/anunt-
important-11-03-2011/. Romanian

3 The decision on the case on compensation for moral damage in
connection with the infliction of harm to life and health. Available
from: https://sudact.ru/regular/doc/6vicquF4dyle/. Russian

* The decision on the case of causing death by negligence due to
improper performance by a person of his professional duties. Available
from: http://oktiabrsky.bur.sudrf.ru/modules.php?name=press_
dep&op=1&did=135. Russian
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medical organizations of the private healthcare system —
participants in the experimental legal regime in the field
of digital innovation in accordance with the program
of the experimental legal regime in the field of digital
innovations”>.

At the same time, according to the order of the
Ministry of Health of Russia dated December 2, 2013
No. 886n, the composition and procedure for the work
of the medical commission is determined by the head of the
medical organization. The medical commission should
include a chairperson, one or two deputy chairpersons,
a secretary and members of the commission (heads of
the departments, medical specialists)®.

The procedure for prescribing a drug is indirectly
mentioned in a number of regulatory legal acts, but it
has been clearly stated nowhere about the permission
or prohibition of the use of an “off-label” drug. One of
these documents that previously regulated the use of
drugs was the Procedure for prescribing drugs (Appendix
No. 1 to the order of the Ministry of Health of the Russian
Federation dated December 20, 2012, No. 1175n)’. In
paragraph 6.1 of this document, it was said that medical
specialists were prohibited from prescribing drugs
in the absence of medical indications, but it was not
indicated that these should be precisely the indications
prescribed in the instructions for the drug. At the same
time, in 2017, there was a public discussion of the Draft
Order of the Ministry of Health, amending the specified
procedure, according to which, by decision of the
medical commission, in certain cases it was proposed to
allow the use of the drug “for health reasons other than
the indications for the use contained in the instruction.”
The document caused a wide public outcry, but these
changes to the Procedure were not made. The current
document Appendix N 1 to the Order of the Ministry of
Health of the Russian Federation dated November 24,
2021 No. 1094n “On Approval of the Procedure for
Prescribing Medicines” in Art. 1, Paragraph 7 states
that “Medical specialists are prohibited from issuing

5 Federal Law of November 21, 2011 No. 323-FZ (as amended
on March 26, 2022) “On the fundamentals of protecting the
health of citizens in the Russian Federation” (as amended and
supplemented, effective from April 10, 2022) Available from:
https://www.consultant.ru/document/cons_doc_LAW_121895/
f7964563436c4bb0aed73d388df1a95d9103b632/. Russian

5 Order of the Ministry of Health of the Russian Federation of December
2, 2013 No. 886n “On Amendments to the Procedure for the Creation
and Activities of the Medical Commission of a Medical Organization,
approved by Order of the Ministry of Health and Social Development of
the Russian Federation of May 5, 2012 No. 502n, and to the Procedure
for Appointment and Discharge medicinal products, approved by
the order of the Ministry of Health of the Russian Federation dated
December 20, 2012 No. 1175n“ (as amended). Available from: https://
base.garant.ru/70551698/. Russian

7 The procedure for prescribing and prescribing drugs. Appendix
No. 1 to the order of the Ministry of Health of the Russian Federation
of December 20, 2012 No. 1175n. Available from: http://base.garant.
ru/70404898/53f89421bbdaf741eb2dlecc4ddb4c33/#ixzz51CKulXnz.
Russian
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prescriptions if a patient has no medical indications,
and from unregistered medicinal products®. However, in
the same regulatory legal act (RLA) in Art. 1, paragraph
5 refers to the possibility of prescribing a drug that is
not included in the standards of medical care through a
medical commission with reference to Art. 37, paragraph
15 of the Federal Law No. 323-FZ “On health protection
of citizens in the Russian Federation”. The decision of
the medical commission of a medical organization is
recorded in the patient’s medical records and in the
journal of the medical commission.

On June 29, 2022, amendments to Federal Law
No. 323-FZ “On health protection of citizens in the
Russian Federation” came into force. They allow the
use of medicines outside the instructions (“off-label”)
for the treatment of the minors with certain diseases or
conditions. Their list was approved by the Decree of the
Government of the Russian Federation No. 1180n-r dated
May 16, 2022 (“Check-list of diseases in which the use
of “off-label” medicines is possible)”®. This list includes
neoplasms, diseases of blood, respiratory organs,
endocrine and nervous systems, mental disorders, etc.
The codes of the International Classification of Diseases
(the 10th revision, ICD-1), conditions and groups of
conditions for pregnancy, childbirth, a postpartum
period have also been inserted.

An important aspect in prescribing “off-label” drugs
is informing a patient (a minor, one of their parents (a
legal representative)) by the attending physician about
the use of the “off-label” drug. According to Art. 20 of
the Federal Law No. 323-FZ “On health protection of
citizens in the Russian Federation”, the patient must be
informed about the safety of the drug, the expected
result, the degree of risk and the actions in case of
unforeseen effects.

In accordance with Art. 37, paragraph 14.1 of
Federal Law No. 323-FZ “On health protection of citizens
in the Russian Federation”, in the amendment dated
July 13, 2022, there is also a permission to include an
“off-label” drug in the clinical recommendations and
standards of medical care for children. In the instructions
(in the section of dosages and methods of application),
this category of the population is absent. It is important
to note that these amendments apply to the medicinal
products registered in the Russian Federation, to the
diseases and conditions included in the “Check-list of

8 Order of the Ministry of Health of Russia dated November 24, 2021
No. 1094n “On approval of the Procedure for prescribing medicines,
forms of prescription forms for medicines, the Procedure for issuing
these forms, their accounting and storage, forms of prescription
forms containing the prescription of narcotic drugs or psychotropic
substances, the Procedure for their manufacture, distribution,
registration, accounting and storage, as well as the Rules for issuing
prescription forms, including in the form of electronic documents”

Available  from:  http://www.consultant.ru/document/cons_doc_
LAW_401865/. Russian
? |bid.
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diseases in which the use of “off-label” medicines is
possible)”.

In Paragraphs 1 and 2, Art. 67 of Federal Law
No. 61-FZ “On the Circulation of Medicines” dated
April 12, 2010 with the amendment dated July 14, 2022,
it has been pointed out that information about a drug
may be contained in specialized publications, instructions
for the use of the drug, in scientific publications, etc.,
but it is has not been regulated how a doctor can use
the information obtained from various sources®.
Separately, it has been emphasized that promotional
materials about an over-the-counter drug must comply
with the instructions for the use of the drug [46].

According to the Order of the Ministry of Health of
the Russian Federation No. 203N “On Approving Quality
Criteria for Evaluating Medical Care” dated May 10, 2017,
the prescription of the drugs for medical use should be
carried out taking into account the instructions for the
use of the medicinal product®. However, there is no
information on the rigidity of the instruction to be taken
into account. The same Order establishes the mandatory
entry into the outpatient card when prescribing drugs
for a medical use and using medical devices by decision
of the medical commission of the medical organization.

At the same time, one should not forget about
situations of a criminal liability when prescribing a
drug. In case of a serious injury to the health or death
of the patient, a doctor’s actions may fall under the
provisions of Art. 109 “Causing death by negligence due
to improper performance by a person of his professional
duties”, Art. 118 “Causing serious harm to health
through negligence due to improper performance by a
person of his professional duties”, or Art. 238 “Provision
of services that do not meet safety requirements” of the
Criminal Code of the Russian Federation. In this case,
the exceptions are adverse outcomes in conditions of
an extreme necessity and/or a reasonable risk. It should
be understood that, according to Art. 39 of the Criminal
Code of the Russian Federation, a situation of an
extreme necessity is the presence of a danger “directly
threatening the personality and rights of this or other
persons, the legally protected interests of the society or
the state, if this danger could be not eliminated by other
means and, at the same time, not exceeding the limits
of the extreme necessity'?. At the same time, according

1 Federal Law “On the Circulation of Medicines” dated April
12, 2010 No. 61-FZ, as amended. dated July 14, 2022. Available
from: http://www.consultant.ru/document/cons_doc_
LAW_99350/7072622692d160a804b7ba320189a2338752ee81/.
Russian

1 Order of the Ministry of Health of the Russian Federation of May
10, 2017 No. 203N “On approval of quality criteria for assessing
medical  care”.  Available from: https://normativ.kontur.ru/
document?moduleld=1&documentld=293575. Russian

12 Criminal Code of the Russian Federation of June 13, 1996
No. 63-FZ (as amended on March 25, 2022). Available from: http://
www.consultant.ru/document/cons_doc_LAW_10699/.
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to Art. 41 of the Criminal Code, a risk is justified in a
situation where the set goal cannot be achieved by
other actions or inaction that are not related to the risk,
and the subject that allowed the risk has taken sufficient
measures to prevent the development of undesirable
side effects.

The use of an “off-label” drug may also entail
disciplinary (in case of non-compliance with official
duties or a violation of the requirements of the Labor
Code of the Russian Federation) or a civil (for a medical
organization) liability [47].

In the article by Gabay P.G. and Bagmet N.A.
(2017), indicate the possibility of exempting a medical
organization from compensating for harm to a patient’s
health in the event that an “off-label” drug was
prescribed to eliminate the danger to life or health in the
absence of other possible methods and when signing an
informed voluntary consent before prescribing the drug.
However, it is emphasized that this possibility may not
be always realized [48].

The problem of regulating the use of “off-label”
drugs in the United States and European countries has
a longer history. In the United States, an “off-label”
prescription is considered acceptable after the drug has
been registered with the FDA at the discretion of the
attending physician in case of the patient’s informed
consent [21]. In Germany in 2007, the following
conditions were developed for the use of drugs outside
the indications: a patient has a life-threatening pathology
or disease that significantly reduces his quality of life;
lack of clinically proven specific drugs for the treatment
of this disease; availability of clinical trials demonstrating
the effectiveness of “off-label” drugs in similar clinical
situations; making a decision on prescribing a drug by an
expert commission [18, 49].

Working at the principles of regulating the use of
medicines outside the instructions took place at the pan-
European level, resulting in a proposal for good practice
for the use of drugs outside the instructions (Good Off-
Label Use Practices, GOLUP), formulated in the EMA
Declaration (European Medicines Agency, European
Medicines Agency), according to which the use of the
“off-label” medicinal product should take place only if all
the following conditions are met:

1. The presence of a serious illness that endangers

vital functions, or life-threatening.

2. The absence of a drug approved for use or a
recurring adverse outcome of the use of the
existing drugs.

3. The lack of alternative treatments prescribed for
a particular condition.

4. The availability of the data confirming the
effectiveness of the use of this “off-label” drug.

5. The availability of an informed voluntary consent
of the patient to the use of an “off-label” drugs.

155



REVIEWS
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

6. The availability of the established methods for
reporting on the adverse reactions associated
with the use not provided for by the instructions
[46, 50].

It should be noted that this Declaration in the EU
does not have the status of a regulatory legal act; the
issue of introducing documents regulating the use
of “off-label” medicinal products is currently being
resolved. At the same time, in European countries, there
are separate regulatory documents, such as temporary
recommendations on the use of drugs, the measures to
regulate reimbursement [19].

Opinions and recommendations of experts

on the practice of using “off-label” drugs based

on the results of in-depth interviews

The majority of experts (8 out of 11 respondents)
assessed the fact that specialists of subdivisions
prescribed “off-label” drugs as a routine practice. At the
same time, unregistered drugs in Russia are not used by
doctors. However, if necessary, their use is possible only
by submitting an application to the Ministry of Health
under expanded access programs.

Experts noted oncological and hematological
diseases as the indications requiring the most frequent
use of “off-label” drugs. At the same time, in ARVI, “off-
label” drugs are prescribed to adults a little, and to
almost every one of the children.

Most experts (9 out of 11 respondents) specified
that, as a rule, “off-label” drugs are used for underlying
medical conditions, and not for the treatment of their
complications or a concomitant pathology. According to
experts, the main goal of such prescriptions is to increase
the possibility of recovery of a patient suffering from a
potentially fatal disease. Usually, “off-label” prescriptions
are made in the situations where there are no available
registered drugs for the treatment of a particular group
of patients, or the possibilities of therapy according to
the instructions have been exhausted.

The minority of experts (2 out of 11 respondents)
noted that there are cases of non-payment for an
“off-label” drug prescription or fines from insurance
companies, indicating that there are fines, and the
frequency of their imposition is not known. The
main reason for such sanctions is the quality of the
consultations design (for example, if an alternative
regimen for taking the drug has not been indicated).

It is important to mention that the experts mention
the main organizational shortcomings of the “off-label”
prescription system:

e “repeated consultations are required; for
example, to reduce the doses of drugs, the
consultation is paid again. There are frequent
refusals to implement the recommendations of
the federal center at the place of residence”;

e “there is a need to create conditions in Russia
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under which the registration of a Russian drug in
the EU and the USA would be as close as possible
in terms of the time of registration in our country
and the countries of the Eurasian Economic
Union (EAEU)”;

o “difficulties in registering new indications, the
lack of activity of the manufacturer to correct
indications in a registered drug that has been
used for a long time”;

e “a low activity of pharmacological companies
in relation to informing about the efficacy and
safety of the “off-label” drug use in the treatment
of narrow groups of patients, including children.
To increase the activity of drug manufacturers,
incentives are necessary, for example, tax
benefits”;

e “an unequal territorial distribution of reference
centers (obtaining a second opinion — technical
capabilities and competencies) and interregional
centers for pediatric oncology and hematology.
There are large centers only in Moscow and St.
Petersburg, as a result, they are overloaded with
patients”;

e “imposition of fines by medical insurance
organizations for the use of “off-label” drugs
where it is justified; “off-label” drugs are not
accepted for payment by insurance companies;
there is a low level of funding for clinical and
statistical groups”.

The proposals of experts on the ways of optimizing
the use of “off-label” drugs in clinical practice are of
serious interest. They include:

e the development of ethical

prescribing “off-label” drugs;

e the development of directly effective laws that do
not limit the doctors opportunities to prescribe
drugs outside the indications specified in the
instructions;

e the entry of the regions’ obligations on the issues
of the drug provision into the National Project
“Healthcare”*3;

e the simplification of the system for entering new
indications for prescribing drugs into the existing
instructions for medical use;

e recommendations on the creation of a list of
medicines used “off-label”, having a clinical
evidence base in order to ensure an unhindered
use and payment in the CHI and HTMC systems.
Let the doctor justify the prescription of the drug.
But it is necessary to systematically analyze the
work of doctors for the validity of the “off-label”
drug use for a particular disease.

Thus, according to the results of the in-depth

standards for

3 National projects "Healthcare" and "Demography". — [Electronic
resource]. - Access mode: https://minzdrav.gov.ru/poleznye-resursy/
natsproektzdravoohranenie
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interviews, the experts confirmed the fact that doctors
regularly prescribe “off-label” drugs, and there is a need
toimprove the existing rules regarding their prescription.
Practicing experts noted that there are still some
opportunities to justify the prescription of such drugs to
a patient in the current legislation — the prescription of
“off-label” drugs for health reasons through a medical
commission, through clinical recommendations and
standards of medical care approved by the Ministry of
Health. The purpose of prescribing drugs “off-label” is to
save the patient’s life.

According to the opinions of the interviewed
experts, in resolving conflicts in legislation and medical
practice in matters of “off-label” prescription of drugs,
an organizational solution can be a simplification of the
system for introducing new indications for drugs into the
existing instructions for medical use.

CONCLUSION

Based on the analysis of literary sources, regulatory
legal documents, as well as a qualitative study conducted
by the authors, it can be concluded that the use of “off-
label” drugs is inevitable in almost any medical practice,
and all participants in the treatment process should be
aware of it.

The main priority in the use of “off-label” drugs
should be a patient safety. In this regard, the obligatory
conditions for prescribing “off-label” therapy should be
the following: the absence the application of the decision
on the appointment of “off-label” drugs only within the
framework of specialized medical institutions; obtaining

voluntary informed consent of a patient; obligatory
compliance with the reporting requirements for cases of
development of adverse events.

Both in the Russian Federation and in other
countries, the legal regulation of the prescription of
“off-label” drugs is ambiguous. In order to expand the
ability of specialists to prescribe “off-label” drugs while
maintaining a proper degree of a state control over this
process, the following organizational measures can be
applied: legislative consolidation of the obligations and
responsibilities of regional health authorities on drug
provision; creation of an open and transparent system
for the use of “off-label” drugs for patients and/or their
legal representatives, the mandatory full information of
the patient about the fact of the use of the “off-label”
drug, as well as the risk and nature of the development
of possible adverse reactions; creation of a list of “off-
label” medicines that have a clinical evidence base in
order to ensure an unhindered use and payment in the
CHI and HTMC systems; a simplification of the procedure
for making changes to the registration certificate for
“off-label” drugs, the effectiveness of which has been
demonstrated in high-quality clinical trials.

Despite the current lack of regulations allowing or
prohibiting the use of “off-label” drugs in the Russian
Federation, under certain circumstances, medical
specialists and/or organizations may be subject to
disciplinary, administrative or criminal liability for
prescribing “off-label” drugs. This fact translates the
issue considered in this study from the medical plane
into a wide area of related disciplines.
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The aim of the work was to study the legal aspects of the legislative regulation for manufacturing medicines in a pharmacy
organization.

Materials and methods. Databases of ConsultantPlus, Cyberleninka, Food and Drug Administration (FDA), European
Medicines Agency (EMA), National Center for Biotechnology Information (NCBI), PubMed, e-library, WIPO Lex were used as
search sources. The search was based on the following keywords and phrases: intellectual property, pharmacies+invention,
patent, drugs, extemporal+production, orphan+diseases, as well as their Russian counterparts. 133 sources of information,
including scientific articles and regulations, were found out; 50 have been included in this review. The analysis of information
sources published from 2013 to 2023, was determined by the peculiarities of legislation changes in this area.

Results. The article provided an overview of modern, including regulatory practice, pharmaceutical manufacturing in the
Russian Federation, and also analyzed the benefits of this activity for the medical community, patients and the state. At
the same time, the individualization of drug treatment has made it possible to work out systemic solutions for developing
drug therapy methods for special groups of patients for whom the economic feasibility of a pharmaceutical registration and
launching such drugs onto the market has been brought into challenge. In addition, pharmacy manufacturing is an accessible
tool in the study of the drugs prescribed by a doctor not in accordance with the instructions for medical use (off-label) or in
the dosage forms/dosages that are not on the market. Extemporaneous manufacturing can be also a part of the process of
“repositioning” drugs on the market, subject to compliance with the requirements for pharmacy manufacturing and control
of the prescribed drugs safety. The possibility of pharmaceutic drug manufacturing also makes it possible to partially resolve
issues related to intellectual property. As a result of the carried out analysis, the following hypothesis was confirmed: the
legislative changes have a similar legal assessment both in Russia and abroad and correspond to the legal practice in resolving
intellectual property issues in relation to pharmacy organizations.

Conclusion. The renewal of a pharmacy production will improve the availability of the drug care to the population, taking into
account individual dosages and dosage forms in various therapeutic areas, and can also become a tool for repositioning drugs
or clinical testing of new molecules for rare incurable diseases.

Keywords: drugs; pharmacy organizations; extemporaneous production; orphan diseases; patent; invention; intellectual
property

Abbreviations: DF - dosage form; SRMRs — State Register of Medicinal Remedies; CCRF — Civil Code of the Russian Federation;
EPC — Eurasian Patent Convention; WIPO — World Intellectual Property Organization; DPA — Dutch Patent Act.

For citation: AV. Alekhin, T.N. Erivantseva, V.V. Ryazhenov, N.B. Lyskov, N.A. Alekhina, M.M. Kuznetsova. New role of extemporaneous
manufacturing in regulating drug products access onto the market. Pharmacy & Pharmacology. 2023;11(2):161-172. DOI: 10.19163/2307-9266-
2023-11-2-161-172
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Lienb. I3yyeHre opuanyeckmx acnekToB 3aKoOHOAATe/IbHOTO Pery/IMpoBaHUA MO U3rOTOBNEHUIO JIEKAPCTBEHHbIX NPenapaTos
B anTe4yHoM opraHM3auuu.

Matepuanbl u meToapbl. B KauecTBe MOMCKOBbIX UCTOYHUKOB MCMNONb30BaAN 6a3bl AaHHbIX KoHcynbTaHTIAoC, KnbepneHmHKa,
Food and Drug Administration (FDA), European Medicines Agency (EMA), National Center for Biotechnology Information
(NCBI), PubMed, e-library, WIPO Lex. Mouck npoBoauacs No cieayowmm KAoUYeBbIM C10BaM M cnoBocoyeTaHmsam: intellectual
property, pharmacies+invention, patent, medicinal+preparations, extemporal+production, orphan+diseases, a Tak:ke no nx
PYCCKOA3bIYHBIM aHanoramM. bbian HaraeHbl 133 UCTOYHMKA MHOOPMALMK, BKIOYABLUME Hay4YHble CTaTbW U HOPMATUBHO-
npaBoBble aKTbl; 50 BKOYEHbI B HACTOALWMI 0630p. AHA/IM3 UCTOYHUKOB MHbOPMaL MK, onybankoBaHHbix ¢ 2013 no 2023 rr.,
onpepensnn ocobeHHOCTAMM U3MEHEHNA 3aKOHOAATE/IbCTBA B YKa3aHHOM cohepe.

Pe3ynbratbl. B cTtaTbe 6bln NpuBeséH 0630p COBPEMEHHOW, B T.4. HOPMATMBHOM MPAKTUKK, amnTe4YHOro WU3roToBJEHWUA B
Poccuiickon ®epepaunn, a TakKe NpoaHanM3MpoBaHbl NPEUMYLLECTBA YKa3aHHOW [AeATeNbHOCTU ANA MeLULMHCKOro
coobuiectBa, nauMeHToB M rocysapctea. OLHOBPEMEHHO WHAMBUAYANAU3AUUA MELMKAMEHTO3HOrO /SieYyeHua Mo3BOAM/IA
BbIpaboTaTb CUCTEMHbIE pelleHns aaa OoTPaboTKM MeTOAMK NEeKAPCTBEHHOW Tepanuu A ocobbix rpynn nauueHToB, A
KOTOPbIX SKOHOMMYECKAsA LenecoobpasHOCTb PErncTpaLMm 1 BbIBOAA JIEKAPCTBEHHbIX MPEnapaToB Ha PbIHOK MOCTaB/eHa
noa, comHeHue. Kpome TOro, anteyHoe M3rotoB/sieHME ABAAETCA AOCTYMHbIM MHCTPYMEHTOM B MU3Y4YeHUU NIEKAPCTBEHHbIX
npenapaToB, Ha3HAYEHHbIX BPAaYOM He B COOTBETCTBMM C MHCTPYKLMEN MO MeAULMHCKOMY npumeHeHuio («off-label») nan
B JIEKapCTBEHHbIX GOPMax/L03MPOBKAX, OTCYTCTBYIOLMX HA PbIHKE. DKCTEMMNOPANbHOE M3rOTOBNEHUE TAKXKe MOXKET BbiTb
YacTbio MPOLECca «Peno3nLNOHMPOBAHMA» JIEKAPCTBEHHbIX MPENAPATOB Ha PbIHKE NPW YCI0BUM cObOAEHUA TpeboBaHUM K
anTe4YHOMY U3rOTOBEHMIO U KOHTPONA 6€30MacHOCTM Ha3HaYaeMblx CPeacTB. TaKKe BO3MOMKHOCTb anTeYHOro U3roToB/eHNA
JIeKapCTBEHHbIX MPENapaToB NO3BO/IUT YaCTUYHO Pa3peLLnTb BOMPOCHI, CBA3AHHbIE C UHTENNEKTYa/lbHOW COBCTBEHHOCTbIO. B
pe3ynbTaTe NoBeAEHHOrO aHaNU3a Hbblna NOATBEPKAEHA TMMOTE3A O TOM, YTO 3aKOHOAATE/NIbHbIE U3MEHEHWNA UMEIOT CXOXKYHO
NpPaBOBYIO OLEHKY Kak B Poccuu, Tak M 3a pyberKom M COOTBETCTBYIOT NPABOBOM MPaKTUKE MPU paspeLleHny BOMpoCoB
WUHTENNIeKTYaIbHON COBCTBEHHOCTU NPUMEHUTENIbHO K aNTeYHbIM OpraHM3aLMaM.

3aknoueHue. Bo3poxkaeHve anTeyHoro MPOM3BOACTBA MO3BOAMT YAYHLWWUTb AOCTYMHOCTb JIEKAPCTBEHHOW MOMOLUM
HACeNeHUIo C YY4ETOM UHAMBUAYANbHBIX JO03MPOBOK U IEKAPCTBEHHbIX GOPM B Pa3/IMYHbIX TEPANEBTUYECKMX HAaNPaBNEHUSAX,
a TaKXKe MOXKeT CTaTb MHCTPYMEHTOM «PEMO3ULMOHMPOBAHUAY» IEKAPCTBEHHbIX NPenapaTos AW KAMHUYECKOW anpobaLmum
HOBbIX MOJIEKYN AN PeSKUX HEU3eUYMMbIX 3a60NeBaHUN.

KnioueBble cnoBa: NeKapCTBEHHblE Mpenapathbl; anTeYHble OpraHM3aLuKn; IKCTEMMNOPAsbHOE M3roToB/lEHWE; opdaHHble
3a60/1eBaHMsA; NATEHT; U306pETEHNE; UHTENNEKTYalbHAA COBCTBEHHOCTb

Cnucok coKpauwieHuii: /M — nekapcTBeHHbI npenapat; J/I® — nekapctBeHHaa ¢dopma; MP/IC — focyaapcTBEHHbIW peectp
NleKapcTBeHHbIX cpeacts; K PO — [parkaaHckuii Kogekc Poccuitickon depepauumm; EAMK — EBpasuiickas [lNaTeHTHas
KoHBeHuus; BOUC — BcemmpHan opraHnsaums MHTeNNeKTyanbHoM cobcTBeHHOCTM; DPA — 3akoH 0 naTeHTax HuaepnaHaos.
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In Russia, pharmacy organizations at the legislative
level are allowed to be in the manufacturing of drugs®.
An extemporaneous production had been widespread in
the country until the 1990s, but practically disappeared
against the backdrop of the economic crisis and
development of the pharmaceutical industry in the
2000s [1-4].

From September 2023, amendments to Art. 56
“Manufacturing and dispensing of medicinal products”
of the federal law “On the circulation of medicines” come
into force?. The changes will provide entitle pharmacies
to use the drugs included in the State Registers of
Medicinal Products for Medical Use, as well as Common
Register of the Authorized Medicinal Products of the
Eurasian Economic Union, in manufacturing medicinal
products according to doctors’ prescriptions, in the
prescribed manner.

The authors of the article set a goal to study the legal
aspects of the legislative innovation for manufacturing
drugs in a pharmacy organization. The authors also
reviewed the legal regulation in terms of the possibility
of using industrially produced drugs in the individual
manufacturing of the drug without violating patent
laws [1, 5]. The issues of the legal regulation of the
patent legislation in the Russian Federation, were
studied within the framework of the Eurasian Patent
Convention and at the international level.

THE AIM of the work was to study the legal aspects
of the legislative regulation for manufacturing medicines
in a pharmacy organization.

MATERIALS AND METHODS

General scientific methods were used in the
research. The information search was carried out in
the databases of the National Center for Biotechnology
Information (NCBI) and the scientific electronic library
elibrary.ru; referenced bibliographic lists were studied;
the ConsultantPlus, Cyberleninka, Food and Drug
Administration (FDA) databases, European Medicines
Agency (EMA), PubMed, WIPO Lex were also used. The
regulatory framework was formed by the legislation of
the Russian Federation in the field of the drug circulation,
as well as by foreign countries and patent conventions.
The preference was given to the sources describing the
relationship between an extemporaneous pharmacy
production and its regulatory framework, including the
field of the intellectual property.

The search was based on the following keywords and
phrases: intellectual property, pharmacies+invention,

! Federal Law No. 502-FZ dated December 5, 2022 “On Amendments
to Art. No. 56 of the Federal Law “On the Circulation of Medicines”.
Effective from September 1, 2023; adopted by the State Duma on
November 22, 2022: approved by the Federation Council on November
30, 2022]; Moscow, 2022. Available from: https://www.consultant.ru/
document/cons_doc_LAW_433279/. Russian

2 bid.

Tom 11, Beinyck 2, 2023

diseases, as well as their Russian counterparts. 133
sources of information including scientific articles and
regulations were found; 50 have been included in this
review. The analysis of information sources published
from 2013 to 2023 was determined by the peculiarities
of legislation changes in the in this area. A number of
sources found were deleted due to the absence of the
indicated relationship and repetitions.

RESULTS AND DISCUSSION

State of production pharmacies in Russia

and its legal regulation

There is no Common Register of pharmacy
organizations in the Russian Federation. According to
AlphaRM, as of September 20213, there were 70 238
pharmacy organizations of various forms of ownership
in the country, which had the right to manufacture
medicines, while, according to Roszdravnadzor in 2017,
only 460 production pharmacies actually worked.
The practice of pharmaceutical manufacturing was
widespread in the country; however, since 2007,
there has been a trend towards a reduction in intra-
pharmacy manufacturing of drugs and a decrease
in the number of manufacturing pharmacies [5-7].
Simultaneously, this coincided with the growth of
the pharmaceutical industry in the 2000s. Pharmacy
organizations began to receive fewer prescriptions
issued by doctors. This was facilitated by an increased
import of finished dosage forms (DFs) in the Russian
Federation, the formation of wholesale and retail
links [3, 7].

A special role was played by the state policy in
the field of streamlining and standardizing approaches
to the provision of medical care, which in the end led
to the formalization of doctors’ prescriptions. At the
legislative level, state guarantees for the medical care
provision were fixed. They apply exclusively to the list
of industrially produced drugs®, which automatically
limited the doctors’ ability to use all possible options
for the drug therapy. At the same time, there remains a
necessity to meet the needs of health care in the drugs
that are not commercially produced [8-12], the need
to provide patients with individual pre-dosed drugs
[13—-15], to manufacture drugs and dosage forms for the
geriatric [16] and pediatric populations [17-20], patients
with rare diseases [21, 22].

3 Kalinovskaya E. Skol’ko proizvodstvennyh aptek ostalos’ v Rossii
[How many industrial pharmacies are left in Russia]. Pharmvestnik.
Available  from: https://pharmvestnik.ru/content/articles/Skolko-
proizvodstvennyh-aptek-ostalos-v-Rossii.html. Russian

40n the Program of State Guarantees of Free Provision of Medical Care
to Citizens for 2023 and for the Planning Period of 2024 and 2025:
Decree of the Government of the Russian Federation dated December
29, 2022 No. 2497. Official website of the Government of the Russian
Federation. Available from: http://static.government.ru/media/files/
FQATIOfojXIUYX8cwI2X7ugkeKRrRGjb.pdf. Russian
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Today, pharmacy manufacturing is designed to solve
a number of problems associated with the provision of
rare drugs to the population [23-26]; they will provide
doctors and patients with individual dosages in individual
dosage forms in various therapeutic areas [27-29]. This
creates the need to develop legal norms to regulate
extemporaneous production [30-34], a drug provision
of individualized therapy and social guarantees for the
patients who need them [35—-38].

In 2022, due to the adoption of amendments to the
legislation®, from September 1, 2023, pharmaceutical
production organizations will have the opportunity, in
drugs manufacturing, in addition to pharmaceutical
substances (as provided for by the existing procedure), to
use the drugs included in the State Register of Medicinal
Remedies (SRMRs). This change in legislation opens up
a lot of additional benefits for pharmacy organizations,
doctors and patients [39]. In case of using factory-made
finished dosage forms for drugs manufacturing for
individual purposes, the main advantage is the possibility
of individual packaging of finished DFs [40]. This will
improve control over the drug intake for the patient,
reduce the risk of errors in the use of it by patients on
an outpatient basis, and also reduce the cost for the
patient if the prescribed number of doses is significantly
fewer than the minimum amount in the registered
package [41].

In addition, the prescription of a drug according
to an individual doctor’s prescription, which will be
repackaged by a pharmacy organization, actually
changes the legal status of the indicated medicinal
product. If the instruction for the use of the drug does not
contain any indication, but at the same time, in medical
practice, the specified active substance is indicated for
the treatment of another disease, then the prescription
of such a drug can be paid by the state for a privileged
category of citizens®. This is especially important for drug
researchers, who can thus study the effect of a drug for
a limited cohort of patients, which can later become the
basis for conducting a clinical study in order to expand
the indications in the instructions. Such a process is
often referred to as “repositioning” of the drug if the
indication is fundamentally different from that for which
primary clinical studies had been conducted [43].

In case of manufacturing medicinal products
from the pharmaceutical substances approved for
the release into the civil circulation, the advantage
of manufacturing individual dosage forms requires a
separate discussion. First, modern technology options
5 Federal Law No. 502-FZ dated December 5, 2022 “On Amendments
to Art. No. 56 of the Federal Law “On the Circulation of Medicines”.
Russian
¢ Federal Law No. 482-FZ of December 30, 2021 “On Amendments to
the Federal Law “On the Fundamentals of Protecting the Health of
Citizens in the Russian Federation”; adopted by the State Duma on
December 22, 2022: approved by the Federation Council on December

24, 2022]; Moscow, 2022. Available from: https://www.consultant.ru/
document/cons_doc_LAW_405472/. Russian
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of pharmacy organizations make it possible to convert
a solid form into a liquid one, but here, it is necessary
to take into account the physicochemical properties of
the active substance. For example, the pharmaceutical
substance digoxin is insoluble in water, which leads to
the formation of a precipitate in an aqueous solution.
At the same time, digoxin can be dissolved in ethyl
alcohol, but many doctors in neonatological practice see
serious risks in prescribing alcohol-containing drugs to
newborns [44]. In this regard, it is possible to use a
suspension base to obtain a uniform distribution of
the substance and the desired properties. Second,
the availability of pharmaceutical substances makes
it possible to combine various active substances to
ensure the ease of use, which opens up opportunities
for researchers to form new combined forms. This is
especially important in cases where it is necessary to
take into account the effect of different substances on
different mutations of the same genetic disease, or
where it is required to combine several active substances
into one dosage form for the ease of use. Based on the
data collected from patients on the use of such drugs
(case series), it is possible to substantiate the scheme
of further drug research [42]. Third, in the presence of a
pharmaceutical substance (imported or self-produced),
it is possible to resume pharmacotherapy of a patient
population for which the drug had been previously
prescribed, but for some reason its production and/
or supply was stopped. A similar situation exists
with a number of orphan drugs, which are currently
not supplied to the Russian Federation. Fourth, the
availability of raw materials solves the issue of a quick
access of drugs to the market, since they are not subject
to the state registration [45]. Accordingly, the time for
passing registration procedures is reduced. For example,
for a rare disease hyperammonemia (in which there
is a violation of the urea formation cycle), sodium
benzoate is used as a part of complex therapy. This
substance is present in the composition of the combined
preparation of a cough mixture and is not used in any
way in wide medical practice. However, the presence
of a pharmaceutical substance made it possible to
develop an extemporaneous form for orphan patients
and provide them with this drug in the shortest possible
time [13]. This aspect is important for a regulation, as
it can remove a social tension in the absence of any
drug on the market. Fifth, pharmacy manufacturing
can bring significant benefits to the budget if the drugs
manufactured according to individual prescriptions
provide significant budget savings, which is especially
relevant for ultra-expensive drugs used in the treatment
of orphan diseases [46]. A pharmacy organization’s
own synthesis of pharmaceutical substances and the
manufacture of drugs from these substances can
provide a significant number of patients with life-saving
drugs [47].

Regardless of the aim of using an extemporaneously
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manufactured drug, developers, doctors and the state
must be sure that this practice does not contradict the
current international and national legislation in the field
of an intellectual property rights protection, since the
manufacture of drugs is carried out both for scientific
and therapeutic purposes, and also with commercial
benefits for the pharmacy organization [48].

The existing regulatory framework prohibits
pharmaceutical organizations licensed to carry out
pharmaceutical activities from producing pharmaceutical
substances, because Russian legislation distinguishes
between pharmaceutical and manufacturing activities.
Now, pharmacy organizations can only manufacture
drugs from pharmaceutical substances that are included
in the SRMRs. The inclusion in the SRMRs provides for
the presence of an applicant, who is both a manufacturer
of medicines and his legal representative.

From the point of view of the terminology used in
the national legislation, including the sectoral federal
law’, a clear explanation is given of what is a drug and
what is a pharmaceutical substance. Thus:

e “drugs are substances or combinations thereof
that come into contact with a human or animal body,
penetrate into the organs, tissues of the human or
animal body, used for a prevention, diagnosis (with the
exception of substances or combinations thereof that
do not come into contact with the human or animal
body), treatment of a disease, rehabilitation, for the
preservation, prevention or termination of pregnancy
and obtained from blood, blood plasma, organs,
tissues of the human or animal body, plants, minerals
by synthesis methods or using biological technologies.
Medicinal products include pharmaceutical substances
and drugs”;

e “drugs are pharmaceutical products in the form
of dosage forms used for the prevention, diagnosis,
treatment of a disease, rehabilitation, for the
maintenance, prevention or termination of pregnancy”.

Thus, within the framework of the implementation
of Art. 56 of the branch federal law® pharmacy
organizations manufacture drugs, since, in accordance
with the federal law?®, the doctor prescribes the drug and
not pharmaceutical substances to the patient.

Intellectual property and pharmacies

The circulation and production of medicines
may be further restricted by the legislation of the
Russian Federation in the field of an intellectual
property.

7 Federal Law “On the Circulation of Medicines” dated April 12, 2010
No. 61-FZ (last ed.); adopted by the State Duma on March 24, 2010:
approved by the Federation Council on March 31, 2010]. Available
from: https://www.consultant.ru/document/cons_doc_LAW_99350/.
Russian

8 lbid.

° Federal Law No. 502-FZ dated December 5, 2022 “On Amendments
to Art. No. 56 of the Federal Law “On the Circulation of Medicines”.
Russian
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A patent for an invention related to a drug can affect
both the pharmaceutical substance — a directly active
substance, and extend its effect to the drug as a whole —
the system of active and auxiliary components [49].

At the same time, in order to limit the ability of
large pharmaceutical companies to implement the
so-called “renewal strategy” [50], the legislation of
different countries contains antimonopoly restrictions
on the manufacture of drugs by pharmacy organizations.
Two main provisions must be observed: a pharmacy
production must be in the interests of protecting public
health, as well as preventing situations where individual
treatment is impossible.

Similar provisions have been implemented under
the Russian law. In accordance with subparagraph 5 of
Art. 1359 of the Civil Code of the Russian Federation®,
a one-time production of a medicinal product by a
pharmacy organization on a doctor’s prescription does
not violate the exclusive right to an invention, a utility
model or an industrial design. Conventionally, the norm
of this subparagraph 5 can be presented in a schematic
form, where a production in a pharmacy assumes a one-
time nature according to an individual prescription from
the attending physician (Fig. 1).

At the same time, the mentioned wording indicates
the extension of the effect of this article to the
concept of a medicinal product. That implies a broader
interpretation and effect of this article not on an industry
basis, but in relation to the essence of the applied
subject of regulation, which is a medicinal product, and
the pharmaceutical substance in it.

The Eurasian legislation does not affect the regulation
of manufacturing medicines in a pharmacy organization.
Thus, in the legislation of the Russian Federation, there
are prerequisites and a legal basis for the formation of
the practice of widely using the possibilities of industrial
pharmacies.

With regard to inventions in force on the territory
of the Russian Federation related to the Eurasian Patent
Convention (EAPC), it can be noted that it is similar to
the domestic one. According to rule 19 of the Patent
Instructions to the EAPC!!, the actions related to the
one-time manufacture of medicines in pharmacies
according to a doctor’s prescription are not recognized
as infringement of a Eurasian patent.

The regulation of this provision of the countries, the
members of the Eurasian Economic Union (EAEU), can
be also considered similar.

1 Civil Code of the Russian Federation. Part Four: Federal Law
No. 230-FZ of December 18, 2006; adopted by the State Duma on
November 24, 2006: approved by the Federation Council on December
8, 2006]. Available from: https://www.consultant.ru/document/cons_
doc_LAW_64629/. Russian

1 patent Instruction to the Eurasian Patent Convention; approved
by the Administrative Council of the Eurasian Patent Organization at
the 2nd (1st regular) meeting on December 1, 1995: in the current
version]. Available from: https://www.eapo.org/ru/documents/norm/
instr2022-p1.html. Russian
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There are no violations
of the Civil Code for the

pharmacy, taking into
account subparagraph 5
of Art. 1359 (except

for manufacturing
IN STORE!)

DOCTOR > RECIPE > PHARMACY PATIENT
A
One-time manufacturing
of a medicinal product
Active ingredient (pharmaceutical substance) Aucxiliary components

There IS a patent for the active
substance in the Russian Federation

There is NO patent valid for the active
substance in the Russian Federation

N o~

Purchase from a third party Manufacturing in a pharmacy

Manufacturing in a pharmacy
or purchasing from a third party

A

Patent infringement
(infringement refers
to a third party)

There is NO patent
infringement

There is NO patent
infringement

Figure 1 — One-time production of medicines by prescription in a pharmacy organization

Article 10 of the Republic of Belarus Law No. 160-3
“On Patents for Inventions, Utility Models, Industrial
Designs”!? (dated December 16, 2002) indicates that they
are not recognized as a violation of the exclusive right of
the patent holder: one-time manufacturing of medicines
in pharmacies according to a doctor’s prescription using
a protected invention patent. Similar provisions are
contained in Art. 12 of the Kazakhstan Patent Law (the
concept “in emergency cases” is used)3, and in Art. 17,
subparagraph 1, of the Armenia Law “On Patents”*. At
the same time, the provisions of the patent legislation
of the Kyrgyz Republic do not contain such a provision.

With regard to the international position of
the countries belonging to the outside of the
Commonwealth of Independent States, it is possible
to bring the following consolidated position, which
reflects the approaches of a number of foreign states to
this problem. In 2014, the World Intellectual Property
Organization (WIPO) conducted a survey of the countries
regarding the granting of the discussed exceptions.
That resulted in the completed Questionnaire!® and
the Document of the Secretariat of the WIPO Standing
Committee on Patent Law following the results of the

2 Law of the Republic of Belarus No. 160-Z of December 16, 2002,
on Patents for Inventions, Utility Models, and Industrial Designs (as
amended up to Law No. 275-Z of December 18, 2019). Available from:
https://www.wipo.int/wipolex/ru/legislation/details/21279.

3 Patent Law of the Republic of Kazakhstan No. 427 of July 16, 1999;
amended in accordance with the Law of the Republic of Kazakhstan
No. 268-VI of October 28, 2019. Available from: https://www.wipo.int/
wipolex/ru/text/539217. Russian

1 Law of the Republic of Armenia of June 10, 2008, on Inventions,
Utility Models and Industrial Designs. Available from: https://www.
wipo.int/wipolex/ru/legislation/details/5496.

> Questionnaire on Exceptions and Limitations to Patent Rights. WIPO.
Available from: http://www.wipo.int/scp/en/exceptions/.
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20" session (Geneva, January 27-31, 2014) “Limitations
and exceptions to patent rights: one-time preparation
of medicines” (Document)®*. The document includes
information provided by 39 states and participating
patent organizations regarding legislative aspects, to
restrict the use of extemporaneous DFs. Their position
was presented by: Albania, Armenia, Azerbaijan, Bosnia
and Herzegovina, Brazil, Bulgaria, Croatia, Cyprus,
Czech Republic, Democratic People’s Republic of Korea,
Denmark, Finland, France, Germany, Greece, Hong Kong
(China), Hungary, Italy, Japan, Latvia, Lithuania, Morocco,
Norway, Philippines, Poland, Portugal, Republic of
Korea, Republic of Moldova, Russian Federation,
Serbia, Slovakia, Spain, Sweden, Tajikistan, Thailand,
Turkey, United Kingdom, Viet Nam and Eurasian Patent
Organization (EAPO) .

Given the detailed presentation of positions, the
following aspects can be focused on:

1. As regards the aim of regulation, the position of
Brazil provides for the need to take into account both
the interests of the right holder and the opinion of users
of the relevant rights, as well as issues of the social
justice through the use of limited exceptions to exclusive
rights that are provided by the patent law, however,
only on the condition that such exceptions do not come
into critical conflict with its application and do not lead
to the unjustified damage to the legitimate interests
of the patent owner, as well as the interests of third
parties. Accordingly, it is assumed that these exceptions
facilitate the access of innovative technologies, taking
into account the mutual benefit of producers and users
of innovations, with the aim of maintaining social and

& Exceptions and Limitations to Patent Rights: Extemporaneous
Preparation of Medicines (SCP/20/5). Available from: https://www.
wipo.int/edocs/mdocs/patent_policy/en/scp_20/scp_20_5.pdf
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economic well-being while respecting the balance of
rights and obligations.

The Republic of Cyprus and France adhere to the
postulate that granting of exemptions is based on the
principles of social justice and should be in the interests
of protecting the health of citizens.

Poland’s position is that exceptions are acceptable
in cases where an “individual” treatment of the patient
is necessary in order to prevent a situation where it is
not possible.

In the Republic of Moldova, regulators insist on the
need for exceptions in order to increase the availability
of medicines.

Representatives of Portugal consider it important
not to restrict an access to patient treatment and not
to disrupt the communication between the doctor and
the patient.

Spain’s doctrine is to increase a patient access to
extemporaneous medicines. Thus, patients can receive
an individualized drug care, while not damaging the
object of patent rights.

Regulators in Germany and Italy also believe that
the aim of the exceptions is to allow physicians to
prescribe the medicines produced in manufacturing
pharmacies to patients in individual cases, regardless of
the presence of patent rights, since patents should not
limit the doctor’s ability to treat a patient.

Sweden and the United Kingdom insist that
“Pharmaceutical professionals should be able to
manufacture individual drugs on prescription without
the risk of patent infringement”.

Hungarian representatives voice the aim of the
state regulation of exceptions as an opportunity to
provide patients with inexpensive and high-quality
extemporaneous medicines and reduce financial costs
in the public health system.

Sweden expresses a similar opinion: the aim of
the government regulation is to provide a quality
medical and pharmaceutical care. At the same time, the
application of exceptions is used for a small number of
patients and does not harm a patent holder.

Norway adheres to the fact that “manufacturing
of extemporaneous DFs in pharmacies is legitimate,
since they are prepared according to the doctor’s
prescriptions.”

Japan and the Republic of Korea clearly point out
to the fact that a pharmacy production is a socially
significant mission of the state in order to help patients
restore their health, respectively, extemporaneous
production procedures cannot be considered from the
point of view of the patent law.

Serbia’s position is determined by ethical and
medical aspects: when personalizing treatment, the
presence of a patent should not prevent manufacturing
of medicines in a pharmacy.

The response of the Republic of Latvia states that the
main aim of the exception is to harmonize the country’s

Tom 11, Beinyck 2, 2023

patent legislation with the regulatory legal acts of the EU
member states.

2. As for the legislative aspects of the regulation, the
analysis of the above Document and the Questionnaire
additionally illustrates how the specified rule on the
pharmacy production exclusion is implemented in the
legislation of a number of countries.

In France, patent legislation does not cover
the “one-time or non-systematic” manufacturing
of extemporaneous medicines by prescription
(Article L613-5 of the French Code of Intellectual
Property)®.

Art. 23 of the Azerbaijan Law on Patents states:
the “episodic” nature of manufacturing medicines in
pharmacies makes it possible to avoid violating the
exclusive rights of the patent owner.

Under the Thai law, patent infringement does
not occur in the “manufacture of a specific medicinal
product by prescription” (Section 36 of the Thai Patent
Law)®8,

In Turkey, “the right of the patent holder does not
extend to the manufacture of extemporaneous DFs,
since they are not intended to be industrially produced,
and this procedure is carried out within the framework
of the execution of a specific doctor’s prescription”
(Article 75 (c) of the Turkish Patents Decree)®.

According to the ltalian law, “the exemption does
not apply to the use of active ingredients manufactured
industrially” (Article 68.1(c) of the Italian Industrial
Property Code)?.

The Serbia patent legislation declares the legitimacy
of exceptions, but stipulates that the exception does
not apply to the manufacture of extemporaneous DFs
for the purpose of storage; only to the manufacture
in  pharmacy conditions for specific medical
prescriptions, for a specific patient by prescription
(Article 21, paragraph 3 of the Law on Serbian
patents)?.

At the same time, the categorization of the parties
in whose interests the aforementioned exception is used
is usually not specified in the relevant legislative acts
of the Member States. It should be noted that in most
states, the legal documentation does not stipulate the

7 Intellectual Property Code (version of September 1, 2012). Available
from: https://www.wipo.int/wipolex/en/legislation/details/11987.

8 patent Act B.E. 2522 (1979) (as amended up to Patent Act (No. 3)
B.E. 2542 (1999)). Available from: https://www.wipo.int/wipolex/en/
legislation/details/3807.

» Law No. 6769 of December 22, 2016, on Industrial Property (Turkiye).
Available from: https://www.wipo.int/wipolex/en/legislation/
details/16609.

20 Industrial Property Code (Legislative Decree No. 30 of February 10,
2005, as amended up to Law No. 10829 of July 29, 2021; Italy). Available
from: https://www.wipo.int/wipolex/en/legislation/details/21556.

2L Law on Patents (Official Gazette of the Republic of Serbia
No. 99/2011, 113/2017, 95/2018 and 66/2019). Available from:
https://www.wipo.int/wipolex/en/legislation/details/19365.

167



REVIEWS
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

practice of applying exceptions, but the location where
medicines can be manufactured according to a doctor’s
prescription (for example, pharmacies or accredited
laboratories).

The bulk of the responses from Member States
indicate that the exception regulates the right of the
“pharmaceutical specialist” to manufacture such
drugs.

The Norwegian legislation states that the exception
concerns the “authorized personnel” of pharmacies,
while the Swedish response refers to the “pharmacy
personnel” in general.

The responses from France, Germany and Cyprus
mention both pharmacists and prescribers.

Thailand’s profile regulations contain information
on “professional pharmaceutical and/or medical
professionals”.

In Italy, the right to use the exception belongs to the
“pharmacists”.

In Portugal, the exemption is relevant for “any
person who has a legitimate right to manufacture under
the conditions of a pharmacy organization” (Art. 102 of
the Portuguese Industrial Property Code)?.

Art. 43 of the Brazilian Industrial Property Law
specifies that the “qualified person” is the addressee of
the exception?.

The Philippine legislation allows a “health
professional” to exercise his right to use the exception,
regardless of the position of the patentee.

In Thailand, the main requirement for the practice
of exclusion is the professional status: “a professional
pharmaceutical specialist” or “a medical specialist “.

Only general provisions are included in the
legislation of individual Member States, but some
Member States establish additional requirements for
the persons entitled to the pharmacy manufacture and
prescription.

The patent law of Hong Kong states that a medicinal
product must be manufactured under the prescription
of the doctor who holds the appropriate certificate
(Section 75(c) of the Hong Kong Patent Ordinance,
China)®.

In Japan, pharmaceutical invention protection
regulations do not prevent the pharmacy from
making medicines prescribed by a doctor or dentist
(Article 69(3) of the Japanese Patent Law)%.

In the United Kingdom, relevant legislation states
that only a board-certified doctor or dentist is authorized

22 Codigo da Propriedade Industrial (alterado pelo Lei n. 46/2011,
de 24/06). Available from: https://www.wipo.int/wipolex/en/
text/420570.

2 Law No. 9.279 of May 14, 1996 (Law on Industrial Property, as
amended up to Law No. 14.200 of September 2, 2021). Available from:
https://www.wipo.int/wipolex/en/legislation/details/21166.

24 patents Ordinance (Chapter 514); Hong Kong, China. Available from:
https://www.wipo.int/wipolex/en/legislation/details/2049.

% Patent Act (Act No. 121 of April 13, 1959, as amended up to Act
No. 63 of May 13, 2011); Japan. Available from: https://www.wipo.int/
wipolex/en/legislation/details/13137.
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to issue a prescription (Section 60(5)(c) of the UK
Patents Act)®®.

3. With regard to the volume of the extemporaneous
production when using the exemption, in most states,
the legislation does not directly regulate the maximum
number of units of the medicinal product that can be
manufactured under the exemption. However, separate
responses indicate that the exception is applicable in
case of “one-time” (RF and Republic of Moldova), “non-
systematic” (France, Sweden and EAPO) or “singular”
(France), “individual” (Finland, Hungary, Italy and
Serbia) production for the manufacture of medicines in
pharmacies.

Thus, all states under the Document were positive
on the problem of whether the regulatory framework
for the application of exceptions related to patent rights
relating to pharmacies is sufficient to achieve the stated
goals and objectives. An important point is that all states
noted that there were no difficulties in the practical
implementation of the discussed exception.

However, it should be noted that in the countries of
northern Europe (Denmark, Norway and Sweden), such
an exception is not an accepted practice, since pharmacy
manufacturing of drugs is not a common procedure.

Taking into account the above opinions, the
law enforcement practice of using this norm in the
Netherlands is interesting, since the discussion has
shown the difficulties that may be encountered in its
practical implementation.

As of February 1, 2019, the Dutch Patent Act
(DPA) has been amended to include a limitation on the
exclusive right of a patent holder to a medicinal product.
The operation of the exclusive right now contains an
important point in Art. 53(3) of the DPA?”: “The exclusive
right ... does not apply to the preparation of drugs for an
immediate use by individuals on the basis of a medical
prescription in pharmacies, as well as acts relating to
drugs prepared in this way”. This part of Section 53(3)
of the DPA allows pharmacists to manufacture patented
medicines in the above circumstances for the immediate
use by individuals on the basis of a medical prescription.

The public interest in addressing the problem
of excessively high drug prices in the Netherlands
prompted the legislature to make this provision official.
According to Minister of Health and Sports, Mr. Bruins,
“the elimination of liability for patent infringement in
some cases of impromptu drug manufacturing could
be a reasonable alternative to expensive drugs.” In
his Explanatory Memorandum on the Enactment of
the Improvisation Provision, the Minister of Economy,
Mr. Vibes, stated that “In order to prevent the abuse
of extemporaneous preparation of medicines, the
exception should apply only to rare cases when the

2 patents Act 1977 (Chapter 37, updated up to March 27, 2014); United
KingdomGB324. Available from: https://www.wipo.int/wipolex/en/
text/330537.

27 Rijkswet van 15 december 1994. Available from: https://wetten.
overheid.nl/BWBR0007118/2021-08-01.
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pharmacist himself prepares the medicine; the cases
prescribed by a doctor; a preparation of medicines for
individual patients”?.

Scientists in the Netherlands agree that this
formulation does not allow the production of patented
drugs broad based. The recently adopted exception in
the DPA should be interpreted restrictively. The public
opinion in the Netherlands supports an immediate
preparation of medicines as an alternative to expensive
medicines. Obviously, such stakeholders as patent
owners and the pharmaceutical industry will oppose a
broad interpretation of the new law.

DISCUSSION

The article provided an overview of the modern
practice of pharmaceutical manufacturing in the
Russian Federation, as well as analyzed the benefits of
this activity for the medical community, patients and
the state. One of the most important advantages of
pharmaceutical manufacturing is an individual approach
to drug therapy. At the same time, the individualization
of drug treatment has made it possible to work out
systemic solutions for developing drug therapy methods
for special groups of patients for whom the economic
feasibility of a pharmaceutical registration and launching
such drugs onto the market has been brought into
challenge. Ensuring the availability of drug therapy,
however, responds to the need to respect the rights of
citizens.

In addition, pharmacy manufacturing is an available
tool in the study of drugs prescribed by a doctor not
in accordance with the instructions for a medical use
(off-label) or in dosage forms/dosages that are not on
the market.

Extemporaneous manufacturing can also be
a part of the drug repositioning process on the
market, subject to compliance with the requirements
for pharmacy manufacturing and safety control of
prescribed drugs.

A review of the foreign patent legislation, including
the EAEU countries, in relation to the drugs manufactured
in pharmacy organizations, shows that the legislative
norm under discussion as a whole does not have an
innovation characteristic exclusively for the Russian
Federation. It is legally enshrined in many countries
that are members of WIPO, as a rule concerning the
exceptions related to patent rights in relation to the
pharmacy production.

It is important to note that, in fact, this rule is
conceptually formulated in approximately the same way
in more than 30 WIPO Member States, including France,
Spain, Germany, lItaly, Sweden, the United Kingdom

28 Radboud Ribbert, Amendment to Dutch Patents Act (Rijksoctrooiwet)
Allows for Extemporaneous Preparation of Medicine in Certain
Circumstances, March 14. 2019. Available from: https://www.
gtlaw.com/en/insights/2019/3/amendment-to-dutch-patents-
act-rijksoctrooiwet-allows-for-extemporaneous-preparation-
of-medicine.
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and many others. The norm states that it is pharmacy
specialists who should be able to prepare medicines
in an individual case in accordance with a doctor’s
prescription, without being exposed to the risk of patent
infringement.

In the Russian Federation, as one of the mechanisms
that allow the use of medicinal products without the
permission of the right holder, npaBoobnaaatens is the
implementation of the provisions of subparagraph 5 of
Art. 1359 of the Russian Federation Civil Code®. In other
words, a one-time pharmacy production according to an
individual prescription cannot be regarded as a patent
infringement. First of all, this applies to such inventions
that relate to methods for obtaining drugs or medicinal
products as such, since these technical solutions use
either industrial technological methods for obtaining
compounds or compositions that are parts of drugs not
used in pharmacies, or refer to methods of the drug use,
the scope of which is focused on patients.

As for the compositions themselves, as objects of
the invention, the sign of a one-time production is an
individual order or an individual prescription issued to a
specific individual in a certain period of time, which has
other signs of a one-time nature — an individual number
and date of issue, a limited shelf life, an individually
selected DF, dosage, etc.

The opposition to the term “one-time” may be
the term “serial”. Therefore, a one-time production of
a medicinal product should not have serial features in
itself, i.e. have differences from other recipes (or orders)
and signs of individuality.

However, the main problem in the manufacture of
drugs in a pharmacy is the presence of a patent for an
invention that relates directly to the compound, i.e. to
the pharmaceutical substance. This is due to the fact that
the sale of a pharmaceutical substance (the alienation of
property rights for the purpose of obtaining commercial
benefits), in respect of which exclusive intellectual
property rights are distributed on the territory of the
Russian Federation, is a violation of the rights of the
patent owner. Herewith, in accordance with Art. 56 of
the branch federal law, “in the manufacture of medicines
by pharmacy organizations, veterinary pharmacy
organizations, individual entrepreneurs licensed for
pharmaceutical activities, pharmaceutical substances
that are included in the state register of medicines
for medical use and, respectively, the state register of
medicines for veterinary use in the prescribed manner,
are used”. Accordingly, the pharmaceutical substance
included by the manufacturer or supplier in the SRMRs,
can be used for a pharmacy production in a licensed
organization.

At the same time, a manufacturing pharmacy
cannot independently produce patented pharmaceutical

2 Civil Code of the Russian Federation. Part Four: Federal Law No. 230-FZ
of December 18, 2006; adopted by the State Duma on November 24,
2006: approved by the Federation Council on December 8, 2006].
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substances. Therefore, it is necessary to clarify or
introduce a similar article or supplement the current
article with provisions applicable to manufacturers
of pharmaceutical substances, where a one-time
production of pharmaceutical substances will not be
recognized as a violation of the exclusive right to an
invention, a utility model or a design invention.

The combination of technological capabilities of
Russian drug developers and obtaining the right to
manufacture in pharmacies can open a new way to
"reposition" existing drugs or become the basis for
creating drugs for orphan diseases prescribed as the
only possible therapy.

CONCLUSION

Thus, new regulatory changes in the field of the
drug circulation, in the context of a changing political
and economic landscape and sanctions against the
Russian Federation, will serve to increase the availability
of a drug provision and a personalized drug care to the
country’s population.

The renewal of the pharmacy production will
improve not only the availability of the drug care to the
population, but also taking into account individual dosages
and dosage forms in various therapeutic areas, and can
also become a tool for drug repositioning or clinical
testing of new molecules for rare incurable diseases.
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