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STRESS PROTECTION PROPERTIES OF PHYTODRUGS

Actuality. Since ancient times, in folk and non-traditional medicine, attention has been paid to medicinal products prescribed for
emergency conditions. The state of stress was highlighted separately. This condition requires protection and warning. Protective agents
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affecting the nervous, cardiovascular, and hormonal system are now being released. Among synthetic medicines, a number of side
effects are distinguished, which also require prevention and correction. phytodrugs are considered to be less toxic, which, moreover,
have a lower cost, and therefore, in stressful situations, they represent the main group of medicines.

The aim of the study — to identify phytodrugs that have a stress protective effect.

Research methods — bibliosemantic, analytical, logical, and generalization methods. We explored the bibliographic database of
life science and biomedical information MEDLINE, EMBASE, Medline (PubMed), the Web of Science, and the Cochrane Central to
search for English publications satisfying the keywords of this study. All authors independently selected articles, evaluated the quality
of the data, presentation, and interpretation correspondence to the main idea of the study, and constructed the final list of the references.

Research results. 1t has been proven that the main group of drugs prescribed for stress are phytodrugs. Stress is a state of violation
of non-specific adaptation mechanisms, which occurs when organs are affected by excessive force or pathogenic factors and clinically
represents a complex of structural, functional and biochemical changes, which are called general adaptive changes. At the same time,
hypertrophy of the cortex of the adrenal glands is possible, accidental involution of the thymus (atrophy of the flagellar glands and
lymphocyte nodes), creation of ulcers and erosion in the stomach and intestines.

Stress is a non-specific reaction of the body that occurs under the influence of various strong stress factors and is accompanied by
the restructuring of the body's defense systems.

Conclusions. In the conditions of stressful conditions of acute chronic stress for prevention and treatment, preference should be
given to phytodrugs, which, unlike synthetic ones, have greater safety and a greater "benefit/risk" ratio.

Key words: stressful conditions, phytodrugs, prevention, treatment, neurotropic, cardiotropic activity.
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CTPECHPOTEKTOPHI BJIACTUBOCTI ®ITOIIPEITAPATIB

Axmyansnicme. 13 0agnix uacie y HapooHitl i HempaOuyitiHitl Meouyuni 36epmani y8azy Ha JiKapcoKi 3acodu, AKI npusHa4ams
npu negiokaiaonux cmanax. Okpemo eudinanu cmawn cmpecy. Lleti cman sumazae 3axucmy i nonepeocens. 3apas 6UOLIAI0OMb 3aXUCHI
3acobu, AKI GNAUBAIOMb HA HEPBOBY, cepyeso-cyounty copmonanviy cucmemu. Ceped cunmemuynux 1ikapcokux 3acodié uoiiaoms
HU3KY NOGIMHUX ehexmis, sIKI makodc nompedyioms npoginaxmuxu i kopexyii. Menw moxcuunumu gsadicaioms imonpenapamu, ujo
00 MO20 JHC MAIOMb MEHULY 6APMICMY | MOMY NPU CIPECOBUX CUMYAYIAX 60HU € 20OBHOIO 2PYNOIO NIKAPCLKUX 3ACO0IE.

Mema oocnidxncennsn — susnauumu gimonpenapamu, SKi Maoms CMpecnpomexmopHy oiio.

Mamepian i memoou — 6ionioceManmuyHull, AHATTMUYHUL, T102i4HT Ma Memoou y3azanvhents. Mu docnioscysanu 6ioniozpadiuny
6a3zy danux Hayk npo scumms ma 6iomeduunoi ingpopmayii MEDLINE, EMBASE, Medline (PubMed), Web of Science i Cochrane
Central, wo6 3natimu nyonikayii aneniticbkor Moo, Ki 8i0N08I0amMb KIOUOBUM CLOBAM Yb020 00CiOdceHHA. Yei asmopu camo-
cmilno i0bupanu cmammi, OYinIO8anU AKICMb OAHUX, 8i0N0GIOHICIb UKIA0Y ma iHmepnpemayii 0cHo6Hill i0ei docnidocena ma
dopmysanu ocmamouHull CRUCOK Aimepamypu.

Pezynomamu docniddcenns. [{osedeno, wjo 0CHOBHOIO 2PYNoio HIKApCbKUX 3acodis, SKi npusHauaoms npu cmpeci, € gpimonpena-
pamu. Cmpec —ye cmaH nopyuieHb Hecheyu@iunux adanmayiuHux Mexanizmis, AKUL 6UHUKAE Y pasi Oii Ha OpeaHu HAOMIPHUX 3d CUTOI0
abo Namo2eHHUX YUHHUKIE Ma KIIHIYHO € KOMIIEKCOM CIPYKMYPHUX (DYHKYIOHATbHUX | OTOXIMIUHUX 3MIH, SIKI HA3UBAIOMb 3A2AIbHUMU
aoanmayitinumu sminamu. Ipu ybomy modcnusi 2inepmpodis Kopu HAOHUPKOBUX 34103, AKYUOEHMATbHA THEONOYIA mumyca (ampoghis

BIHUKOBUX 3A7103 A NIMPOYUMAPHUX 8Y371i8), CIBOPEHHS 8UPA30K | epo3ii Y WIYHKY | KULUKAX.
Cmpec — necneyuiuna peakyis Op2aizmy, o GUHUKAE NIO GNIUGOM PIZHUX CUTbHUX YUHHUKIE Ccmpec-(akmopie ma cynposooicy-

€MvCs nepedy006010 3aXUCHUX CUCIEM OP2AHIZMY.

Bucnogok. B ymosax cmpecosux cmamnie 20Cmpo20 XpoHiuHo20 cmpecy 0as npoQILaKmuKy i IiKy6anHs nepeeazy ciio Hadasamu
¢imonpenapamanm, sxi Ha 6iOMIHY 610 CUHMEMUYHUX MAOMb OLIbULY 6e3NeUHicmy i Olnbuie CNi6BIOHOUEHHS KOPUCTIIL/DUSUK Y.
Knrouosi cnosa: cmpecosi cmanu, ¢imonpenapamu, npoghinakmuxa, 1iKy8anHs, HeUPOMPONHa, KapoiomponHa aKmueHicnb.

Introduction. Topicality. Stress is a state of viola-
tion of non-specific adaptation mechanisms that occurs
when the body is exposed to excessive force or path-
ogenic factors and clinically represents a complex of
structural, functional and biochemical changes, which
are called general adaptive changes. The impact of stress
is manifested in diseases of various systems and organs.
Stress is a common phenomenon in the current situation.
They arise as a result of physical and mental stress, dur-
ing operative interventions. During military operations,
a combat and operational stress situation occupies a spe-
cial place (Chaban, Khaustova & Omelianovych, 2023).

Stressful conditions in the military lead to adjust-
ment disorder. This includes:

1) An alarm response when the fight or flight response
is triggered. There is an activation of the sympathetic
nervous system, which mobilizes functional reserves for
combating stress. Acceleration of heartbeat, breathing,
mydriasis, tunnel vision, tremors and other symptoms
may be observed;

2) Resistance (adaptation). When stress is not dealt
with immediately, the endocrine system helps support
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the response through the hypothalamic-pituitary-adrenal
system. Cortisol is released, glucose metabolism is stim-
ulated, the immune system is suppressed, and balance is
established. During this stage, there may be a decrease in
work capacity and desire to perform any physical activ-
ity, increased appetite and other non-specific reactions;

3) Exhaustion. This stage occurs when the body can
no longer withstand stress and the body's resources are
depleted. More often, the reason for this is long-term
stress that is constantly repeated. In this stage, the disease
develops as a result of exhaustion of adaptive reserves.
Manifestations of this maladaptation relate to the emo-
tional, cognitive, somatic sphere (Casey & Bailey, 2011).

For the prevention and elimination of stress states
and improvement of adaptation based on the sources
of folk and complementary medicine, phytodrugs were
proposed, which can be used as anti-stress measures
or stress protectors due to their protective effect on the
nervous, cardiovascular, endocrine and immune systems
(Kyrychok, 2008).

The aim of the study — to identify phytodrugs that
have a stress protective effect.
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Research methods — bibliosemantic, analytical,
logical, and generalization methods. We explored the
bibliographic database of life science and biomedical
information MEDLINE, EMBASE, Medline (PubMed),
the Web of Science, and the Cochrane Central to search
for English publications satisfying the keywords of this
study. All authors independently selected articles, eval-
uated the quality of the data, presentation, and interpre-
tation correspondence to the main idea of the study, and
constructed the final list of the references.

Research results. Protectors acting on the nervous
system can have a calming, anti-depressant, possibly
tonic effect. When affecting the cardiovascular system,
they can lower and raise blood pressure, more often
have a vasodilating effect, inhibit the manifestations of
ischemia. Stress protectors can have a bradycardic and
tachysystemic effect on heart pressure, depending on the
type of arrhythmia.

Often, stress protectors normalize metabolic reac-
tions in the nervous and cardiovascular systems. phytod-
rugs are antioxidants, so they reduce the manifestations
of oxidative stress and reduce the level of free radicals.
They can reduce elevated lipid content, normalizing the
ratio of fatty acids. Many experiments aimed at investi-
gating the mechanisms of this antioxidant action have
been conducted (Liang et al., 2021).

Now one of the researchers' tasks is to identify
the relationship between the development of anxiety
states within the framework of diseases of civilization
and manifestations of chronic, less often acute, stress.
And although all the possibilities of anxiolytics are not
defined, more effective drugs of this group are intro-
duced, which are still not completely safe (Burshynskyi,
2023). This is also the basis for the use of phytodrugs for
anxiety disorders.

Free oxygen radicals are formed when smoking ciga-
rettes, which increases pollution of substances by radia-
tion. These influences destroy cell membranes, enzymes,
DNA, lead to the emergence of diseases such as cancer,
atherosclerosis, malaria, coronavirus, rheumatoid arthri-
tis, neurodegenerative diseases. This process occurs
when the balance between free radicals and antioxidants
is disturbed. Due to the fact that antioxidants are scav-
engers of free radicals and are responsible for the cell
code, an increase in the content of fruits and vegetables
containing antioxidants in the diet suppresses oxidative
stress. Natural products demonstrate a wide range of
biological effects, such as anti-inflammatory, anti-aging,
anti-tuberculosis, anti-tumor (Akbari et al., 2022; Liang
et al., 2021).

Stress conditions are observed in some types of acute
and chronic pain of the musculoskeletal system. Arnica
extracts and gel or cream from it relieve pain, therefore,
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together with anti-inflammatory, antimicrobial, anti-
oxidant effects, they can also have an anti-stress effect
(Smith et al., 2021).

Under stress, there is a reaction of exhaustion. Plant
polyphenols have antioxidant, analyzing and cysteine-nor-
malizing effects (Hano & Tungmunnithum, 2020). Atten-
tion is drawn to new phytodrugs and to combined medic-
inal products, which include phytodrugs, the effects of
which can affect glucocorticoid receptors associated with
proteins during stress reactions, because the degree of lipid
phosphorylation is reduced. When the peptide is active, it
prevents spasm, which can prevent the development of a
stress response (Li et al., 2020; Timchenko et al., 2022).

Among cardiovascular drugs, drugs with cardiopro-
tective and antihypertensive effects are often prescribed
as anti-stress agents. Of the drugs with a psychotropic
effect, tranquilizers and antidepressants are mandatory.

One of the plants that has a pronounced anti-stress
effect is Ginkgo Biloba. The drug has a metabolic, anti-
oxidant, antidepressant, sedative effect, improves the
biochemical properties of blood, the microcirculation of
cerebral circulation (Nash & Shah, 2015). Similar phar-
macodynamics have been determined in the leaves and
fruits of modern Chinese plants (Liang et al., 2021).

Flavonoids are a large group of polyphenols found in
fruits, vegetables, and berries. Most flavonoids include
flavonols, anthocyanins, isodonols, flavones and other
groups. Flavonoids are considered indispensable in
herbal pharmacological agents. They prevent the occur-
rence of diseases and contribute to their treatment thanks
to their antioxidant, antiatherogenic, and antiplatelet
effects. In addition, flavonoids are part of red wine.
The importance of using flavonoids in the treatment of
COVID has now been established. They reduce the risk
of disease and disability. Flavonoids contribute to the
creation of new molecules (Khan et al., 2021).

Research on establishing the neurotropic effect of
phytodrugs has intensified in recent years. Thus, it was
experimentally established that the alcoholic extract of
Stephania japonica had sedative, soporific, antidepres-
sant activity according to tests of the motor activity of
rats (Dhar et al., 2020). Indian prickly pear extract has
a sedative and tranquilizing effect due to the content of
glycosides and rhamnoside. In the world, they are also
prescribed for kidney diseases, diabetes, rheumatism,
bronchial asthma, for healing burns (Akkol et al., 2020).
A calming and tranquilizing effect is also found in the
liquid extract of the kratom or mirage plant. (Novindri-
ani et al., 2021). It is believed that lettuce of the aster
family has a sedative effect due to the content of sesqui-
terpene lactones (Ilgiin et al., 2020).

While synthetic sedatives have a significant number of
side effects, the sedative herbal remedies of prickly pear
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and kelp may have only minor side effects. Their action
is due to polyphenols, like many other phytodrugs (Sha-
naida et al., 2021). The fruits and leaves of the theobroma
cacao plant have a sedative, analgesic effect and can have a
vasodilating effect (Hassan et al., 2021). Plants containing
bioflavonoids, catechins, quercetin have a significant cardi-
otrophic effect, which makes them necessary for inclusion
in the pharmacotherapy of COVID (Mounika et al., 2021).

In clinical studies with the participation of volunteers
who complained of restlessness, insomnia, lack of appetite,
the effect of the Ayurvedic drug Orcinum multiflorum extract
was tested. Subjects took the extract twice a day for a month.
A month later, a reduction in the impact of stress, improve-
ment in sleep, and food intake were established. A decrease
in the level of cortisol in hair and saliva was noted, which
confirmed the anti-stress effect (Lopresti et al., 2022).

With the occurrence of neurodegenerative diseases,
as well as with atherosclerosis, malaria, bronchial
asthma, as well as with stressful conditions, including
under the influence of radiation, the content of free rad-
icals that destroy enzymes, DNA, and cause oxidative
stress increases. This requires taking plant foods that
contain antioxidants and medicinal plants with signifi-
cant antioxidant content, such as flavonoids, catechins
(Akbari et al., 2022). ). Our studies have established that
bioflavonoids, being inhibitors of the transthyretin pro-
tein and scavellers of cytotoxic forms of NO, are capable
of exhibiting significant neuroprotective effects in the
multiple sclerosis model (Belenichev, 2024). We have
also established the neuroprotective activity of biofla-
vonoids in the premenopausal model. For the first time,
one of the mechanisms of the neuroprotective action of
bioflavonoids was identified, which consists in inhibi-
tion of neuroapoptosis (Zaichenko, 2023).

The majority of experimental works indicate that dis-
orders of mental activity are associated with the accu-
mulation of free oxygen radicals, which requires the
appointment of antioxidants, including those of plant
origin. At the same time, the anti-stress and calming
effect of such plants as valerian and leuzea is associated
with the content of polyphenols (Chandran & Abra-
hamse, 2020).

Depression is one of the most frequent consequences
of stress. Taking phytodrugs allows you to reduce the
impact of stress and improve mental activity. The occur-
rence of depression is associated with hypothalamic-pi-
tuitary-adrenal system, therefore, they are looking for
anti-stress phytodrugs that have not only a calming, anti-
depressant effect, but can also have an effect on hypotha-
lamic-pituitary-adrenal system (Dai et al., 2022).

In recent years, the effect of phytodrugs with not only
a calming, but also an antidepressant effect, includes oils
and extracts from lavender, yarrow, which significantly
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improve the mental state of patients (Zhang et al., 2021).
It is known that during pregnancy, women develop stress-
ful conditions, which manifest themselves more often as
manic-depressive disorders. Among phytodrugs, ginger,
raspberry leaves, and Kalanchoe reduce the manifesta-
tions of these conditions. It is important that these drugs
are non-toxic and well tolerated (Gantner et al., 2021).

In experiments on rats and rabbits, when simulating
four types of depression, the antidepressant effect of tra-
ditional Chinese folk medicine was established, which
once again confirmed the inclusion of phytodrugs in the
pharmacotherapy of depressive states (Dai et al., 2022).
In experiments on normotensive and hypertensive rats,
a hypotensive effect was shown during stress modula-
tions of parsley extract due to the content of phenolic
acids. flavonoids, including quercetin. A similar effect
of the extract was recognized in experiments on mice
(Gongalves et al., 2020). Dry extract of Crotalaria
burpia, which is dissolved in 70% alcohol, when admin-
istered intravenously to normotensive and hypertensive
rats showed antihypertensive, vasodilator, diuretic, car-
diotonic effects, which are associated with the blockade
of calcium channels (Raza & Imran, 2020). Some plant
extracts have a hypotensive effect due to diuretic activ-
ity, blockade of antihypertensive receptors or inhibition
of ATP. This was proved by the introduction of extract of
celery, blueberry (Ajebli & Eddouks, 2020).

Thanks to polyphenols, plants have a versatile effect
on the cardiovascular system, which is based on an anti-
oxidant effect. Thus, polyphenols also provide an anti-
oxidant, vasodilating, anti-inflammatory effect (Alotaibi
et al., 2021). Olean and oleic acids contained in olives
have an antihypertensive effect (Sureda et al., 2020).

People with hypertension are recommended to eat
food containing an extract of the medicinal plant. In
addition, the extract of the medicinal plant can have a
vasodilating effect, the mechanism of which is asso-
ciated with the accumulation of NO, cGMP, and Ca+
blockade through the membrane. Therefore, this prod-
uct should be part of the food, especially for the elderly
(Jung et al., 2023). An extract from the leaves of the
plantain can lower blood pressure in hypertensive rats
on the background of adrenaline. The antihypertensive
effect is associated with the blockade of L-type cal-
cium channels and the slowing down of signaling in the
endothelium (Fidelis-de-Oliveira et al., 2020). In the
conditions of adrenal hypertension, it was established
that the aqueous extract of Amon muricata and Perseus
americano, as well as their combination, has a hypoten-
sive and anti-hypotensive effect, and also has low toxic-
ity, therefore it is safe to use (Sokpe et al., 2020).

Lemon balm preparations began to be prescribed more
often for cardiovascular diseases. Previously, only its sed-
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ative effect was used. The active substances contain terpe-
noids (monoterpenes, sesquiterpenes, and others), as well
as polyphenolic compounds (rosmarinic acid, quercetin,
luteolin, and others). Melissa, on the one hand, improves
memory, consciousness, and also has an antiarrhythmic,
negative chronotropic and anti-anxiety effect, hypoten-
sive, vasodilating effect. The mechanism of action can be
associated with its antioxidant effect due to polyphenols.
In recent years, it has been established that lemon balm
has an anti-inflammatory effect, activates M2-cholinore-
ceptors, blocks S3-receptors of the heart, and also blocks
free-dependent Ca+ channels. Now she is being studied in
a cardiology clinic (Draginic et al., 2021).

Antihypertensive effect was determined in such
plants as soy, carrots and algae. Studies have shown that
this effect is due to the content of peptides, and some
of them can also inhibit ACE (Shobako, 2021). The
hypotensive effect was also determined in the extracts of
hawthorn, celery, and saffron plants. It is also noted that
extracts from these plants have an immunomodulatory
effect (Verma et al., 2020).

It is necessary to start treating the disease from the
first symptoms, because atherosclerosis, hypertension,
hypertensive crisis, and myocardial infarction develop
rapidly. At the first complaints from the cardiovascular
system, it is necessary to prescribe low-toxic phytodrugs
(Kamyab et al., 2020). One of the main components of
plants, quercetin and its derivative ramiosides are often
prescribed for cardiovascular diseases, which are accom-
panied by oxidative stress and are included in the treat-
ment regimens for COVID (Ferenczyova et al., 2020).

It was established that the protein content of phytod-
rugs plays a role in the prevention of cardiovascular dis-
eases. At the same time, proteins contained in phytodrugs
are less toxic than proteins in animal organs (Del Re &
Aspry, 2022). Complex phytodrugs are now being cre-
ated, the components of which affect the nervous and car-
diovascular systems, an example of which is corvelis. In
connection with the positive effect of stressful conditions
on the nervous and cardiovascular, hormonal, and immune
systems, it is advisable to prescribe immunomodulators
echinacea, pomegranate, garlic (Checkman, 2003).

The study and development of new phytodrugs with
anti-stress effects, especially during wartime, is a prior-
ity task. New opportunities for the treatment of cardio-
vascular diseases under stress were obtained by the use
of combined drugs. Combined drugs can contain sepa-
rate herbal remedies, an example of which is carvelis,
which has proven itself in conditions of chronic stress
in patients with cardiovascular pathology (Romanova et
al., 2023). Usually, in parallel, less toxic and more active
synthetic agents are researched and searched for, while
without the inclusion of phytodrugs (Kyrychek, 2008).
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Karvelis includes European hawthorn, valerian, net-
tle, and lemon balm. Hawthorn, the active substance of
which are flavonoids, triterpenic acids, phenolic acids,
has antioxidant, antiarrhythmic (prolongs the III phase
of the action potential, blocks potassium channels),
anti-inflammatory, positive and nootropic effects. Vale-
rian belongs to sedative drugs, has a hypnotic effect, and
normalizes heart rhythm. Stinging nettle contains alka-
loids, choline, tannins, essential oil, flavonoids, glyco-
sides, etc., which provide anticonvulsant, cardiotropic,
antiarrthythmic, and diuretic effects. The herb lemon
balm contains essential oil, tannins, organic acids, min-
eral salts, which cause a sedative, antispasmodic, hypo-
tensive, diuretic, bactericidal effect.

Complex phytodrugs also include herbastres, which
are prescribed for the treatment of stress and post-trau-
matic stress disorders. Herbastres contains passion
flower extract, chamomile flowers, hop blossoms, oat
grains, Siberian Eleutherococcus roots, ginseng, vita-
mins B6 and B12. Passionflower extract significantly
reduces preoperative anxiety. The composition of hops
includes alpha-acids, isoalpha-acids, beta-acids, which
have an antitumor effect, suppress cell proliferation and
induce apoptosis. The active substances of chamomile
have a wide range of pharmacological effects in relation
to anxiety disorders, anti-inflammatory, immunomodu-
latory, anti-stress effects. Eleutherococcus, like ginseng,
has anti-stress activity (Chaban & Bezsheiko, 2014).

Enterosorbents, especially silica, which has an antiox-
idant, anti-stress and anti-radiation effect, are often added
to phytodrugs in order to increase their antioxidant effect.
(Volodina et al., 2017; Golembiovska et al., 2019).

Many pathological conditions are accompanied by
the development of oxidative stress, when there is an
intensive production of free oxygen radicals in the body,
which cannot be removed due to intensive oxidative
processes and cause damage to cells and tissues. It is
oxidative stress that occurs in a significant number of
diseases, and the use of antioxidants in complex phar-
macotherapy can reduce the manifestations of oxidative
stress. Studies have shown that most Chinese herbal
medicines are antioxidants, although they have different
pharmacological effects and complications. Currently, in
the therapeutic effect of phytodrugs, Chinese medicine
emphasizes the presence of antioxidant action in them.
Further research expands the range of use of phytodrugs,
specifying their indications.

Conclusions

In conditions of stressful conditions (acute,
chronic stress) for prevention and treatment, pref-
erence should be given to phytodrugs, which, unlike
synthetic ones, have greater safety and a greater
"benefit/risk' ratio.
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CTPECHPOTEKTOPHI BJIACTUBOCTI ®ITOIIPEITIAPATIB

Axmyanvricme. 13 0aeHix uacieé y HapoOHill I HempaOUYitiHill MeOUYUHI 36epmMany yéazy Ha JTIKApcoKi 3acodu, ki npusHa4aoms
npu HegioKkIaoHux cmarnax. Oxpemo sudinaiu cman cmpecy. Llei cman eumaeae 3axucmy i nonepeosicenns. 3apas euoiisioms 3axXUcHi
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3acodu, AKI GNIUBAIOMb HA HEPBOBY, Cepyeso-CYOUHHY, 20pMOHATbHY cucmemu. Ceped cCuHmemuyHux 1iKapcbKux 3acoie euoiiaomy
HU3KY NOOIUHUX eqhexmis, AKi maxoxc nompedyromos npoginakmuxu i xopexyii. Menw mokcuyHuMu 88axicaioms gimonpenapami,
Kompi 00 moeo Jic Maloms MEHULY 6apmicme i MOMY Npu CIMPecosUx CUMyayisx seisaions coboio 20106HY epyny JiKapCbKux 3acodis.

Mema 0ocnidxncennsn — susnauumu gimonpenapamu, Ki Maroms CMpecnpomexmopHy oiio.

Mamepian i memoou. Memoou Odocnioxcenna — OibriocemManmuyHuil, aHAIIMUYHUL, 102IYHI ma Memoou y3azanvHeHHs. Mu
docnidacysanu 6ionioepagiuny 6azy oanux Hayk npo sxcumms ma biomeduuny ingpopmayiro MEDLINE, EMBASE, Medline (PubMed),
Web of Science i Cochrane Central, wo0 3uatimu nyonikayii aneniticbkor Mo801o, SKi 6i0n06i0arms KI408UM CI08AM Yb020 00CTi-
Oorcenns. Yci agmopu camocmiiino 6iobupanu cmammi, OYiHI8aAIU AKICIb OAHUX, 8IONOGIOHICMb GUKIAOY Ma IHMepnpemayii 0OCHOGHil
ioei 0ocniodcents ma hopmysanu 0cmamouHuli CRUCOK JiMepamypu.

Pezynomamu docnioxncenns. J[ogeoeno, wjo 0CHOBHOIO 2pynoIo NIKAPCLKUX 3acobis, AKI npusHayaroms npu cmpeci, € gimonpe-
napamu. Cmpec — ye cmaH nopyuieHv HeCneyudiuHux aoanmayitiHux Mexamizmie, aKull 6UHUKAE y pasi Oii Ha OpeaHu HAOMIPHUX 34
CU010 A6O NAMOSEHHUX YUHHUKIE MA KAIHIYHO S815€ COD0I0 KOMNIEKC CIMPYKNYPHUX (DYHKYIOHATbHUX | OIOXIMIUHUX 3MIH, SIKI HA3U6A-
0mb 3a2arbHUMY adanmayiuHumuy 3minamu. IIpu ybomy moxcausi einepmpoghia Kopu HAOHUPKOBUX 34103, AKYUOEHMATbHA THEONOYIS
mumyca (ampois iHUKOBUX 3a103 MA JIMPOYUMAPHUX 8V3TI8), CIEOPEHHS BUPA3OK | epo3ii' y WIVHKY | KUWKAX.

Cmpec — necneyuiuna peakyis Op2amizmy, o SUHUKAE NIO GNIIUGOM PIZHUX CUTbHUX YUHHUKIE Ccmpec-(akmopie ma cynposooicy-
€mbcsl nepeby0080K 3AXUCHUX CUCTHEM OPSAHIZMY.

Bucnosok. B ymosax cmpecosux cmamie 20cmpo2o XpoHiuno20 cmpecy 018 npo@inakmuxu i 1iKyeanHsa nepesaey Ciio Haoaeamu
¢imonpenapamanm, sxi Ha 8iOMIHY 8I0 CUHMEMUYHUX, MAIOMb OLIbULY Oe3neuHicmb I Oinbule CNiGEIOHOUIEHHS KKOPUCTIL/PUSUKY.

Knrwuosi cnosa: cmpecosi cmanu, himonpenapamu, npoginakmuxa, 1ikyeaHHs, HelpomponHa, KapoiomponHa akmueHicmb.
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STRESS PROTECTION PROPERTIES OF PHYTODRUGS

Actuality. Since ancient times, in folk and non-traditional medicine, attention has been paid to medicinal products prescribed for
emergency conditions. The state of stress was highlighted separately. This condition requires protection and warning. Protective agents
affecting the nervous, cardiovascular, and hormonal system are now being released. Among synthetic medicines, a number of side
effects are distinguished, which also require prevention and correction. phytodrugs are considered to be less toxic, which, moreover,
have a lower cost, and therefore, in stressful situations, they represent the main group of medicines.

The aim of the study — to identify phytodrugs that have a stress protective effect.

Research methods. Research methods — bibliosemantic, analytical,logical, and generalization methods. We explored the
bibliographic database of life science and biomedical information MEDLINE, EMBASE, Medline (PubMed), the Web of Science,
and the Cochrane Central to search for English publications satisfying the keywords of this study. All authors independently selected
articles, evaluated the quality of the data, presentation, and interpretation correspondence to the main idea of the study, and constructed
the final list of the references.

Research results. 1t has been proven that the main group of drugs prescribed for stress are phytodrugs. Stress is a state of violation
of non-specific adaptation mechanisms, which occurs when organs are affected by excessive force or pathogenic factors and clinically
represents a complex of structural, functional and biochemical changes, which are called general adaptive changes. At the same time,
hypertrophy of the cortex of the adrenal glands is possible, accidental involution of the thymus (atrophy of the flagellar glands and

lymphocyte nodes), creation of ulcers and erosion in the stomach and intestines.
Stress is a non-specific reaction of the body that occurs under the influence of various strong stress factors and is accompanied by

the restructuring of the body's defense systems.

Conclusions. In the conditions of stressful conditions of acute chronic stress for prevention and treatment, preference should be
given to phytodrugs, which, unlike synthetic ones, have greater safety and a greater «benefit/risk» ratio.
Key words: stressful conditions, phytodrugs, prevention, treatment, neurotropic, cardiotropic activity.

Beryn. AktyanbHicTb. CTpec — 1€ CTaH HOPYIIEHb
Hecrenu(iuHUX — aJanTaliiHuX MEXaHi3MiB, SKHM
BHUHUKAE y pa3i Jii Ha OpraHi3M HaJAMIpHHUX 3a CHUIIOIO
a00 MaTOTeHHWX YMHHHUKIB Ta KIiHIYHO SBISE COOOIO
KOMIUIEKC CTPYKTYpHHUX (PyHKI[IOHAJIBHUX 1 Oi0XiMmid-
HMX 3MiH, K1 Ha3WBaIOTh 3arajJJbHUMH afanTariiHuMu
3MiHaMHu. BIjiMB cTpecy mposiBISETBCS MPH 3aXBOPIO-
BaHHSAX PI3HUX cucTeM 1 opraHiB. CTpecoBi CTaHU —
yacTe SBUIIE B TENEPilIHiii cutyarii. BoHu BUHHKAIOTh
YHACHIIOK (DI3UYHUX 1 TICUXIYHUX HABAHTAXKCHbB, ITiJI
yac ONepaTUBHUX yTpydaHsb. [lin yac BilickkoBHX Aii
ocoOyiMBe Miciie 3aiiMae OOloBa Ta ONEpaTUBHA CTpe-
cosa curyauisa (Chaban, Khaustova & Omelianovych,
2023).

CrpecoBi CTaHM y BiliCBKOBHX BEIYyTh JO PO3NaITy
ananTariii. L{e Bkirouae y cebe:

1 — peakuil0 TPUBOTHU, KOJIU 3aIyCKA€ThCS PEaKIis
O0opoThOM abo Breui. BinOyBaeThcsi akTHBaIlis CHM-
MaTUYHOI HEPBOBOI CHUCTEMH, IO MOOLUTIZye (yHKIIiO-
HaJIbHI pe3epBU 00poTHOM 31 cTpecoM. Moxe crocre-
piraTucst IPUCKOPEHHS CepLeOUTTs, JUXAHHS, Miapias,
TYHEJIbHE OaYeHHs, TPEMTIHHS Ta 1HII CHMITTOMH;

®diroTepanis. Yaconuc

2 — cynporus (ananraiis). Konu crpec He BHopa-
€TBCS OfIpa3y, CHIOKPUHHA CHCTEMa JOTIOMArae IiTpH-
MaTd BiAMOBiAb Yepe3 rinoranamo-rinodisapHy-aape-
HAJIOBY cHcTeMy. BinOyBaeTbcs BUIIJICHHS KOPTHU30ITY,
CTUMYNIOETbCS METa0O0Ji3M TIIIOKO3H, NPHUTHIYYEThCS
IMyHHa CHCTEMa, BCTAHOBJIOEThCS piBHOBara. [lim gac
1ief cTafil MOXYTh CHOCTEPIraTUCs 3HUKEHHSI Mparies-
JIATHOCTI Ta OakaHHS TPOSBIATH OyIb-IKy (i3uuny
AKTUBHICTb, MiJABUILEHHS aleTUTy Ta IHII HEeCHelu-
GbivHI peakii;

3 — BucHaxeHHs. Llg crazis BUHUKae y pasi, KOIH
OpraHi3aM OUIbIIE HE MOXE MPOTHCTOATH CTPECY
1 pecypcu opraHisMy BHCHaXKyIOThCs. Yacrimie mpuyu-
HOFO I[LOTO € TPUBAIIUH CTpeC, IKUI MOCTIHHO TTOBTOPFO-
€Thcsl. Y il cTajii pO3BHBAETHCS XBOPOOa BHACTIIOK
BHUCH@)XCHHS ajanTtaiiiHux pesepsiB. [IposBu nmaHoi
Jie3ajianTallii CTOCyrThCsa eMOI[ITHOT KOTHITHBHOT cOMa-
tnaHoi cepu (Casey & Bailey, 2011).

Jns 3amo0iraHHs il ycyHEHHs CTaHIB CTpecy Ta
TIOJITIICHHS aJanTaiii Ha MiJICTaBl JuKepesl HapOIHOI
Ta KOMIUIEMEHTApHO! MEAUIMHU Oylu 3arponOHOBaHi
¢iTonpenaparu, siki MOXKHA 3aCTOCOBYBATH SIK aHTHCTpPE-
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COBI 3ax011 200 CTPECTIPOTEKTOPH 3aBISKH 3aXHCHOMY
BIUIMBY Ha HEPBOBY, CEPIICBO-CYINHHY, CHIOKPHHHY Ta
imynny cuctemu (Kyrychok, 2008).

Meta pocaimkeHHsI — BH3HAUUTH (iTONpenapary,
SIKI MAIOTh CTPECIIPOTEKTOPHY if0.

Marepianu Ta Metoam Aockail:KeHHs. MeTtoau
JMOCHIKEHHS — O010I10CEMaHTHUYHUN, aHATITHYHHH,
JIOTIYHI Ta METOIU y3araJbHEHHS. MU HOCITIKYBaIH
6i0miorpagiuny 6a3y maHMX HayK HpO XHUTTS Ta Oio-
meanuny iHpopmanito MEDLINE, EMBASE, Medline
(PubMed), Web of Science i Cochrane Central, mo6
3HAWTH MyOmiKamii aHDTIHCHLKOI MOBOKO, SIKI BIATO-
BIJAIOTh KJIFOYOBUM CJIOBAM I[LOI'0 JOCIIKEHHS. YCi
ABTOPH CAMOCTIHHO BiIOMpaNIM CTaTTi, OIIHIOBAIH
AKICTh JJaHWX, BiAMOBIAHICTh BUKIIAIY Ta IHTEpHpeTalii
OCHOBHIH 1J1e1 TOCIKEHHS Ta (hOPMYBaJIM OCTATOYHHIA
CIIMCOK JITepaTypu.

PesyabTraTén gocaimkeHHsi Ta iX 0OroBOpeHHs.
[IporekTopu, sIKi AiFOTH HA HEPBOBY CHUCTEMY, MOXYTb
MIPOSIBISITH 3aCTIOKOIOIOUY, aHTHIETIPECHBHY, MOXKIIHBO,
TOHI3yI04y aKTHBHICTh. 32 BIUTUBY Ha CEPIIEBO-CYIHHHY
CHCTEMY BOHH MOXKYTb ITOHW)KYBAaTH 1 IIiIBUIIYBaTH
apTepiaTbHUN TUCK, YacTillle MPOSBISIOTH CYIHHOPO3-
IIUPIOBAJIbHUN BIUTUB, TAJIbMYIOTh MPOsBHU imemii. Ha
CEepLEBHUN THCK CTPECIPOTEKTOPU MOXKYTh MPOSIBISTH
OpaJMKapIUYHy Ta TaxXiCHCTEMHY JIiI0 3aJIe)KHO BiJ
THUITY apUTMil.

Yacto CcTpec-mpoTeKTOpH HOPMalli3yloTh MeTado-
JiYHI peakiii y HepBOBiH Ta cepueBo-CyaUHHiI cucre-
Max. DiTonpenapaTn € aHTHOKCHIAHTAMH, TOMY MOHU-
KYIOTh MPOSIBU OKCHIATHBHOTO CTPECY, MOHUKYIOThH
PIBCHDb BUIBHHX pajuKalliB. BOHH MOXXYTh MOHMKYBaTH
HiBUIIEHUH YMICT JIIMiAIB, HOPMANTi3yIOUH CIIiBBiIHO-
IICHHS JKUPHUX KUCHOT. [IpoBeneHo Oarato ekcriepu-
MEHTIB, CITPSIMOBaHMX Ha JTOCII/PKEHHS] MEXaHI3MiB Ii€l
anTrokcunanTHoi aii (Liang et al., 2021).

3apa3 omHUM i3 3aBlIaHb JOCTIIHUKIB € BHUSBICHHS
B3a€MO3B'SI3KY MK PO3BHUTKOM TPUBO)KHUX CTaHIB
y pamMKax XBopoO IUBLII3aIli] Ta IPOSIBAMUA XPOHIYHOTO,
piaie roctporo crpecy. I xo4a Bci MOXIJIMBOCTI aHKCI-
OJITHKIB HE BU3HAYCHI, BIPOBAKYIOTHCS OB edek-
THUBHI TIpenapaTH Ii€i TPy, sIKi BCe II1e HE € MOBHICTIO
oesneunnmu (Burshynskyi, 2023). Ile Takox € miacTa-
BOIO JUTSI 3aCTOCYBaHHs (piTompenapariB IpH TPHBOXK-
HUX PO3JIaJiax.

BinbHi pagukanu KHCHIO YTBOPIOIOTHCS TiJ dYac
MAJTIHHS [IUTapOK, MiJIBUIIEHHS 3a0pyTHEHOCTI PEYOBHH
pamianiero. 1li BIUIMBH pyHHYHOTh MEMOpaHH KIITHH,
tdbepmentu, JIHK, BenyTh 10 BHHUKHEHHS XBOPOO, TAKUX
SIK paK, aTepoCKIepo3, MajLpis, KOpOHaBipyC, peBMa-
TOIHUN apTpuT, HeHpoaereHepaTuBHi XxBopoOu. llei
MIpoIlec BUHUKAE 32 TIOPYIICHHS OalaHCy MK BUTbHUMH
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paJvKaiaMH Ta aHTUOKCHJIAHTaMU. Y 3B'SI3KY 3 TUM, 1110
AHTHOKCHJIAaHTH € CKaBEHIDKEPaMU BUTHHUX paJUKalliB
1 BIAMOBI AT HUMH 32 KOJI KIIITHH, 301JIBIIICHHS Y palli-
OHI BMICTy (PYKTiB, OBOYIB, SIKI MICTATh AHTHOKCH-
JAHTH, MPUTHIYYE OKCHAATUBHMI cTpec. Harypambhi
MPOAYKTH JIEMOHCTPYIOTh MIUPOKUI CIEKTp Oi0JIOoriv-
HUX €()eKTiB TaKuX SIK MPOTU3ANAIBHIN, TPOTUBIKOBHUIA,
MPOTUTYOCPKYIbO3HUN, TpoTUNYXJMHHUE (Akbari et
al., 2022; Liang et al., 2021).

CTpecoBi CTaHH CIIOCTEPITalOThCS TPH  IESIKIX
BUAX TOCTPOTO 1 XPOHIYHOTO OO0 KiCTKOBO-M'SI30BOi
cucteMu. ExcTpakT apHikM Ta resib a0 KpeM i3 Hei 3Hi-
MaloTh MPOSIBU OOJII0, TOMY Pa3oM i3 MPOTH3ANAIBHOIO,
MPOTUMIKPOOHOI0, AHTHOKCHIAHTHOKO JII€I0 MOXYTh
MarTH TaKoX 1 aHTUCTpecoBui BiuB (Smith et al., 2021).

IIpu cTpeci crocTepiraeTbCsi peaxiliss BUCHAKCHHS.
PocnunaHI monmi)eHONM MarOTh AHTHOKCHUIAHTHHM, aHa-
JMi3yrounid  Ta cucTeiHHOpMautidyrounid  edektn  (Hano
& Tungmunnithum, 2020). 3BepratoTh yBary Ha HOBI
¢itorpenapatn Ta Ha KOMOIHOBaHI JIIKapChKi 3aco0H,
JI0 SIKMX BXOHATH (biTompenapary, eexTH SIKUX MOXYTh
BIUTMBATH Ha DIIOKOKOPTHKOIMHI PELENTOPH, MOB'SI3aHi
3 OLTKaMH i 9ac CTPECOBUX PEeaktliif, ajke CTymiHb (oc-
(dboprITroBaHHS JIMIIB MOHWKeHWH. Koim mentum akTiB-
HUH, BiH 3a100irae crasmy, 1o MOXKe 3armo0iraTu pO3BUTKY
ctpecoBoi peakitii (Li et al., 2020; Timchenko et al., 2022).

I3 cepreBo-CymuHHHMX 3ac00iB K aHTHCTPECOBUX
qacTile MPU3HAYAIOTh IPEIapaTH 3 KapHiompOTeKTOp-
HOIO, aHTUTINEPTEH3UBHOIO Ji€l0. I3 mpenapartis i3 ncu-
XOTPOMHUMHU €(EeKTOM OOOB'SI3KOBUMH € TpPaHKBiJIi3a-
TOPHU Ta aHTHUACTIPECAHTH.

OpnHi€r0 3 POCIHH, Y KO BUPaKEHHI aHTHUCTPECO-
BUH BIUIUB, € TiHKTO 0in00a. [Ipenapat Bonosie metabdo-
JITHAM, aHTHOKCHIAHTHHM, aHTHUACIIPECUBHHM, Cela-
TUBHMM BIUTMBOM, MOJIMIIy€e OiOXiMiuHI BIACTHBOCTI
KPOBI, MIKPOIIMPKYJISIIIIF0 MO3KOBOTO KpoBooOiry (Nash
& Shah, 2015). Ilonibny ¢papmakoanHaMiKy BU3HAYEHO
B JIFICTI Ta TJIOIaX CyYaCHUX KUTaHChKkuX pociuH (Liang
etal., 2021).

O1aBOHOINM CTAHOBILITH BEIHKY TIpyITy HomideHo-
7B, siKa € y (ppyKTax, OBOUaX, sirofax. binemicTs ¢ua-
BOHOI/IB BKJIIOYaE€ (DIIAaBOHOJIM, AHTOIMAHIIH, 13010-
HOJH, (hnaBoHU Ta iHIII rpynu. OraBOHOIN BBAKAIOTH
HE3aMIHHUMHM B POCIIMHHHUX (apMaKoJOTIYHHUX 3aCO-
0ax. BoHu momepemkaroTh BUHUKHEHHS 3aXBOPIOBAHb
1 CIIPHUSIOTH X JIIKYBaHHIO 3aBISKH AHTHOKCHJIAHTHIH
Iii, aHTHATePOreHHOMY, AaHTUTPOMOOIIMTHOMY BILIUBY.
OxkpiM TOTO, (DJIABOHOIAM € y CKJIaJli YSPBOHOTO BHHA.
3apa3 yCTaHOBJICHO BaXKJIMBICTh 3aCTOCYBaHHS (IaBo-
HoiniB npH JikyBaHHI COVID. BoHH MOHMKYIOTH PHU3UK
3aXBOPIOBAHOCTI Ta iHBamigHOCTI. PIaBoHOIAN cHpus-
10Th CTBOpeHHIO HOBUX MoJieky1 (Khan et al., 2021).
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JocmipkeHHsT 3 YCTAHOBICHHS HEHPOTPOIMHOTO
edekty (itonpenapariB iHTCHCH(DIKyBaIHCS B OCTaHHI
poku. Tak, eKCrepUMEHTaIbHO BCTAHOBIUIH, IO CITHP-
TOBUH €KCTpPakT cTedaHii SIMOHCHKOI 32 TECTAMU PyXO-
BOI aKTUBHOCTI IIypiB MaB CEIaTUBHY, CHOIIHY, aHTH-
nenpecuBHy aktuBHIicTh (Dhar et al., 2020). Ekcrpakr
ONyHIIT IHAINCHKOT MPOSABISIE CEAATHBHY Ta TPAHKBI-
J3YHOUY IO 3aBISKH BMICTY DIIKO3HIIB 1 PAMHO3HUY.
VY CBITI IX TaKoXX MPU3HAYAIOTh MPU XBOPOOaxX HUPOK,
yKpPOBOMY Jia0eTi, peBMaTu3Mi, OpOHXialbHIN acTMmi,
Juts 3aroeHsst pu omikax (Akkol et al., 2020). 3acmo-
KOIOBaJIbHA 1 TPaHKBLTI3ylOua s BU3HAYCHA TaKOXK
y PIIKOTO €KCTPaKTy POCIMHHU KparoMy abo MipaIKuHH
(Novindriani et al., 2021). YBaxaroTb, 110 JIATYK POJAWHA
allCTPOBHX Ma€ CENATHBHUM BIUIMB 3aBISKH BMICTY
ceckBiTeprnieHoBuX JtakToHiB (Ilgiin et al., 2020).

Toxi Ik cMHTETHYHI 3aC00U 13 3aCIIOKIMIMBOIO JI€IO
MAalOTh 3HAUHY KIJIBKICTh OOTYHUX e(eKTiB, (piTonperna-
patH OIyHIlii aMepUKaHCHKOI Ta JIaMiHapii, KOTPi MalOTh
3aCHOKOIOIOYY [iF0, MOXYTh Mard JIMIIe HEe3HAYHi
no6iuni edexru. IXHs ais 3ymMoBieHa momideHonamu,
sIK 1 0ararbox 1HIIKX (iTonpenaparie (Shanaida et al.,
2021). [1oam Ta TUCTSA POCITHH TEOOPOMHU KaKao MarOTh
CCAaTUBHY, AHAITE3YIOUy MHif0 1 MOXYTh MPOSBISTH
cynuHoposmuproBanbHuid edexr (Hassan et al., 2021).
Pocnunm, siki MicTsaTh 6i01aBoOHOIIN, KaTEXiHHU, KBEP-
[ETHH, BOJOMIFOTH 3HAYHOI KapJioTpOoidHOI di€lo,
0 pOOUTH TX HEOOXITHUMHM JIJISl BKJIFOYCHHS (hapMaKo-
teparito COVID (Mounika et al., 2021).

VY KJIIHIYHUX JTOCIHIDKEHHSIX 3a y4acTi 10OpOBOJIb-
IiB, SIKi CKapKHUJIUCSI HA HECIOKil, O€3COHHA, BiACYT-
HICTP aleTHTY, MIEPEBIPsUIN BIUIUB IIperapaTy alopBeIH
exctpakty Orcinum multiflorum. Exctpakt migmnociiani
npuiiMajiM JBiYl Ha JeHb MpoTAroM Micsusa. Yepes
MICsIllb BCTAHOBJIIOBAJIHM 3MCHIICHHS BIUIUBY CTpPECY,
MOJITIIICHHS CHY, IpUHoMYy Tki. Bii3Hauamu 3MeHIIICHHST
PiBHS KOPTH30JIy Yy BOJIOCCI Ta CIIHHI, 1[0 HiATBEPAXKY-
Bajio aHtuctpecoBuit BruuB (Lopresti et al., 2022).

[Ipn BUHHUKHEHHI HEHpPOJETEHEPATHMBHUX XBOPOO,
a TaKkoX TPH aTepoCKIIepO3i, Mayspii, OpOHXIaNbHIN
acTMi, SIK 1 TIPH CTPECOBUX CTaHAX, Y TOMY YHCII TiJ
BILTMBOM pajiarlii, 301bIIy€eThCS BMICT BUIBHUX PaJid-
KamiB, siki py#nyoors ¢epmentn, JHK, Bukmmkarors
OKHCHHH cTpec. Lle BUMarae nmpuitoMmy pOCIMHHOT TXKi,
sIKa MICTHTh aHTHOKCHJIAHTH, Ta JIKAPChKUX POCIHH 3i
3HAUHUM yMiCTOM aHTHOKCHIAHTIB, TAKUX SIK (pII1aBOHO-
inu, katexinu (Akbari et al., 2022).

HarmmMu 1o cimiKeHHAMHA BCTaHOBJICHO, 1110 Oioduia-
BOHOIIHM, Oymyun iHribiTopamMm Oinka TPaHCTHPETUHY
Ta CKaBeIDKepaMH MUTOTOKCHYHHX (opm NO, 3maTHI
BUSIBIIITH 3HAUH1 HEHPOIPOTEKTUBHI €(hEKTH HA MOJEINI
po3scisiHoro ckiieposy (Belenichev, 2024). Takox Hamu
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BCTAHOBJICHO HEHPOIPOTEKTHBHY AaKTHBHICTH Oioua-
BaHOINIB Ha MOJAENI MPEMCHOIA3U. YIEpIIe BUSBICHO
OIVH 13 MEeXaHi3MiB HeHpONpOTeKTHBHOI Aii OiodmaBa-
HOINIB, SIKUW TOJISITa€ y TaJibMyBaHHI HEHpPOAronTo3y
(Zaichenko, 2023).

BinbImicTh  eKCIIEPUMEHTATBHUX POOIT CBIMYUTH,
10 PO3JaJId PO3YMOBOI JisUIBHOCTI MOB'SI3aH1 3 HAKOITH-
YEHHSIM BUTBHUX PAJUKaIIiB KUCHIO, 110 MOTPeOye MpH-
3HAQUCHHS! aHTHOKCUAAHTIB, Y TOMY YHCIi POCIHHHOTO
noxomkeHHs. [Ipu mpoMy aHTHCTPECOBY Ta 3acCIOKii-
JIUBY JIit0 TAKUX POCIIHH, SK BajiepiaHa Ta JieB3es, MOB's-
3y10Th 3 ymictoM noiidenoniB (Chandran & Abrahamse,
2020).

Jenpecis € oAHMM 13 HAHOUIBII YACTHX HACIIJI-
KiB ctpecy. Ilpuitom ¢ironpenaparis gae 3Mory 3MeH-
IIUTH BIUTUB CTPECY, HOMIMIIUTH PO3YMOBY HisTbHICTb.
BunukHeHHs faenpecii MOB'S3yIOTh i3 TiMOTagamo-Ti-
no(izapHO-aIPCHANIOBOI0 CHCTEMOI0, TOMY UIIYKAIOTh
SK aHTHCTPECOBi (iTompenapaTy, 0 MAIOTh HE JIHIIE
3aCIOKIMIINBY, aHTHICTIPECUBHY 10, &  MOXKYTh peaJi-
3yBaTH BIUIMB Ha TiMOTanaMo-TinodizapHo-aJpeHaIoBy
cuctemy (Dai et al., 2022).

B ocrtanni poxu 10 iTo3aco0iB HE TUNBKH i3 3acHO-
KIMJTMBUM, a ¥ aHTHICHIPECUBHUM €()EKTOM BiIHOCSTH
oyl Ta BUTSDKKH 3 JIABaHIW, aipy, SKi 3HAYHO TIOJIIM-
HIYIOTh NICUXIYHUIA cTaH XBopuX (Zhang et al., 2021).
Binmomo, 1110 mij yac BariTHOCTI y KIHOK pPO3BUBAOTHCS
CTpPECOBI CTaHH, SIKi MPOSIBISIFOTHCS YacTille SK MaHia-
KaJbHO-ACMPECUBHI po3naau. I3 ¢itozacobiB 3meHIIy-
IOTh MIPOSIBH IIMX CTaHiB IMOUp, JTUCTSI MaJHHU, KaJIaH-
xoe. BaxxnmmBo, 110 1 JikapchKi 3aC00M HE TOKCHYHI Ta
nobpe nepenocstbes (Gantner et al., 2021).

B ekcniepuMeHTax Ha IIypax i KpoJisix IiJ] 4ac Mojie-
JIFOBaHHS YOTHPHOX THIIB JIEIPECiii BCTAHOBIIIM aHTH-
JIENPECUBHUN eeKT TpaauLiiHUX 3aC00iB KUTAMCHKOT
HApOAHOI MEUIIMHH, IO I Pa3 CTBEPIMIIO BKIIOUCHHS
¢iTonpenapatiB y (papMakoTeparito ICIPECUBHUX CTa-
HiB (Dai et al., 2022). V nocnizax Ha HOPMOTEH3UBHHUX
Ta TIMEepPTEeH3MBHUX Iypax OyB IOKa3aHWN TilOTEH-
3UBHUHA €(PEKT IPH CTPECOBUX MOMYIALISX CKCTPAKTY
METPYIIKH 3aBJISKH BMICTYy (DEHOIOBHUX KHCIOT, (aBo-
HOIJIIB, y TOMY YHCJIi KBepiieTuHY. [ToniOHa 1ist eKCTpakTy
Oyna BU3HaHa B ekcrepuMeHTax Ha mumax (Gongalves
et al., 2020). Cyxuii eKCTpaKT KpoTaspii Oyprtis, SKHiA
po3unHs0Th Yy 70% CnHMpTy, NPU BHYTPIITHLOBEHHOMY
BBC/ICHHI HOPMATCH3UBHUM Ta TilEPTCH3UBHIM IypaM
MPOSIBJISIB AHTUTIIEPTCH3UBHUH, CYIMHOPO3IIHPIOBAIIb-
HUH, TIypeTUYHUH, KapIIOTOHIYHUNA BIUIUB, IO IMOB'S-
3yIOTh 13 OJI0Ka010 KalbllieBUX kKaHaliB (Raza & Imran,
2020). Jlesiki pOCITUHHI €KCTPAKTH MAIOTh FIIOTCH3UBHY
IO 3aBJISIKU JIIYPETUYHUN aKTHBHOCTI, OJIOKa 11 aHTHT -
MOTEH3WBHUX perentopiB ado iHrioinii AT®. Ile Gyno
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JIOBEJICHO ITi/1 4ac yBEICHHS EKCTPAKTY CeJIepH, YOPHHUIII
nocieHoi (Ajebli & Eddouks, 2020).

Came 3aBasku TOJieHONaM POCIMHH MaloTh Pi3-
HOCTOPOHHIH BIUIUB HAa CEPIEBO-CYIHHHY CHCTEMY,
B OCHOBI SIKOT € aHTHOKCHAAHTHHH e(hekT. Takum 4uHOM,
noTipeHOMH TaKkoK 3a0e3MeUyIOTh AHTHOKCHIAHTHHMA
BIUIMB, CYIMHOPO3IIMPIOBAIIbHY, MPOTH3ANAIBHY IO
(Alotaibi et al., 2021). OneaHoBa Ta oJeTHOBA KUCJIOTH,
SK1 MICTSITBCS B OJTUBAX, MAIOTh aHTHUTINIEPTEH3UBHY JII10
(Sureda et al., 2020).

lNimepronikaM pekoMeHI0BaHA 10 BXKUBAHHS iKa, sKa
MICTUTh €KCTPaKT POIOBHKA JiKapchkoro. OKpiM TOTO,
eKCTPAKT POJIOBHKA JIIKAPCHKOTO MOXKE MaTH CyANHOPO3-
MIMPIOBAILHUNA €(EKT, MEXaHI3M SIKOTO TOB’S3aHUH i3
HakommyeHHsIM NO, nl M®, 6nokanoro Ca+ kpizk MeMO-
pany. Tomy 1eii IPOIYKT TOBHHEH BXOIHMTH IO CKJIATy
ki, 0cOONMUBO JIrofiel moxmiioro Biky (Jung et al., 2023).
ExcrpakT i3 JIHCTS MyYHUKAa MOXKE ITOHMDKYBAaTH apre-
piajgbHUM THCK y TiNEpTeH3UBHUX IIypiB Ha (OHI axpe-
HaJiHY. AHTHTINIEPTCH3UBHA il TOB'SI3aHa 3 OJIOKAI00
KaJIBIII€BUX KaHATIB L-THIy Ta yHOBITEHEHHSAM Iepeaadi
curHaniB B engotenii (Fidelis-de-Oliveira et al., 2020).
B ymoBax agpeHanoBoi rinepreHsii BCTAaHOBUIIH, IO BOJ-
HUI SKCTPAKT 3 aMOHA MypeKara Ta Iepcesi aMepHKaHo,
a TAKOX iX CHOJyYCHHs MAIOTh TIMOTEH3UBHY Ta aHTHTI-
MIOTEH3UBHY JIi0, @ TaKOXX MalOTh HU3BKY TOKCHYHICTB,
Tomy OesnieuHi juist BxuBaHHs (Sokpe et al., 2020).

[Ipemaparn Menmicu cTaly dYacTillle IPH3HAYATH
Py CepLEBO-CYAMHHUX 3aXBOPIOBaHHAX. Pawimie
BHUKOPUCTOBYBAJIM TUIbKH 11 celaTUBHHNA edekt. Jliroui
PCYOBHHM MICTATH TEPNEHOIAN (MOHOTEPIICHH, CECKBI-
TEpPIICHH Ta iH. ), & TAKOX MOJi()EHOIBbHI CITOIYKH (po3Ma-
PHHOBY KHCJIOTY, KBEPLIETHH, JIOTEONIH Ta iH.). Meutica,
3 OJIHOTO OOKY, TOJIIIIYE TaM'saTh, CBIZIOMICTb, & TAKOX
Ma€ MPOTHAPUTMIUHHM, HEraTUBHUI XPOHOTPOIHUI Ta
AQHTUTPUBOKHUHM €(EKT, TIMOTEH3UBHHUN, CYIHHOPO3-
MIMPIOBATBHUI BIUIMB. MexaHi3M il MOXHA MOB'S3aTH
3 i aHTHOKCUIAHTHUM BIDTHBOM 3aBJISIKU TOTi(hEeHOIAM.
B ocraHHI pOKM BCT@HOBIICHO, II0 MeJlica Ma€ MPOTH-
3anajbHYy Jit0, aKTHBI3ye M2-X0JIiHOpEIeNnTOPH, OJI0KYy€
S3-peuenTopu ceplis, a TakoK OIOKye BiUIBHO3AJICKHI
Ca+-kaHayu. 3apa3 BOHA JIOCIHIDKYEThCS B Kap/1i0JI0T14-
Hil kinini (Draginic et al., 2021).

AHTHTIIEpTCH3UBHA [isi Oyna BH3HAYCHA B TaKUX
pOCIUH, SK COsl, MOPKBa 1 BOJOpOCTi. JloChiKeHHAMI
BCTAHOBIICHO, IO IIeH €(PEKT MPOSBISIETHCS 3aBISIKH
BMICTY MEMNTH/IIB, & TAKOXK JCSIKi 3 HUX MOXYTh 1HT10Y-
Bati AII®D (Shobako, 2021). I'imoreH3uBHa Aist Oyna
BU3HAUCHA TAKOXK Yy EKCTPAKTIB POCIMH IJIOAY KOIO-
qoro, ceiepd, Imadpady. Bim3HauaroTe Takok, IO
BUTATH 13 [UX POCIIUH MPOSBISIFOTH IMYHOMOIY/TFOYHIA
BB (Verma et al., 2020).
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3axBOPIOBAaHHS HEOOXIAHO TOYMHATH JIKyBaTH
3 MEePIINX CUMIITOMIB, aJpKe TPH 1X PO3BUTKY IIBUIKO
PO3BHBAIOTHCS  ATEPOCKIIEPO3, TIMEPTEH3is, TiNepTeH-
3UBHUU Kpu3, iHpapKT Miokapaa. [Tpu mepmmx ckaprax
i3 OOKy CepleBO-CYIMHHOI CHUCTEMH HEOOXiJHO MpH-
3HaYaTH MaJIOTOKcH4Hi (itonpenaparu (Kamyab et al.,
2020). OnuH i3 TOJTOBHUX KOMIIOHEHTIB POCIHH KBEp-
[ETHUH Ta HOTO MOXIiIHI pamMio3UaN 4acTO MPH3HAYAIOTh
NP CepLEBO-CYANHHNX 3aXBOPIOBaHHSIX, SIKi CYIPOBO-
JUKYEOTBCSI OKCHIATUBHUM CTPECOM 1 BXOISTH y CXEMH
nikyBanHs COVID (Ferenczyova et al., 2020).

YCTaHOBUIIH, IO caMe BMICT MPOTEiHIB y (iTomnpe-
naparax rpa€ pojb y NpoQuUIaKTUI CepreBO-CyAMHHUX
3aXBOpIOBaHb. [Ipy IbOMY HpOTEiHH, SIKi MICTATHCS
y (itompenaparax, MalOTh MEHIIYy TOKCHYHICTb, aHIXK
npoteinn B opranax tBapuH (Del Re & Aspry, 2022).
3apa3 CTBOPIOIOTHCS] KOMIUIGKCHI (hiTOmpenapari, KOM-
MOHEHTH SIKUX BIUTMBAIOTH HAa HEPBOBY 1 CEPILEBO-CY-
JTUHHY CHCTEMH, IIPUKIIAIOM SIKHX € KOPBETIC. Y 3B'SI3Ky
3 TIO3UTHBHUM BIUIMBOM IIPU CTPECOBHX CTaHAX Ha
HEPBOBY 1 CEpIIEBO-CYJMHHY, TOPMOHAJIbHY, IMYHHY
CHUCTEMH JOIJIFHUM € MPU3HAYCHHS IMyHOMOIYIISITOPIB
exinanei, rpanary, yacHuky (Chekman, 2003).

BuBYeHHsT Ta po3poOieHHs HOBUX (hiTompenaparis
3 aHTHCTPECOBHM BILUIMBOM, OCOOJIMBO B IEpiof Biii-
CBKOBOTO 4acy, € IIEepIIOYEepProBUM 3aBIaHHsM. HoBi
MOXKJIMBOCT] JIIKYBAaHHS CEpPLEBO-CYAMHHHUX 3aXBOPIO-
BaHb MMPH CTpeci OyIM OTPUMAaHI IMiJl Yac 3aCTOCYBaHHS
KoMOiHOBaHMX mpemnapariB. Kom0iHoBaHi mpemaparu
MOXYTh YMIIIyBaTH OKpeMi (iTo3aco0H, MPUKIAJIOM
SKUX € KapBellic, SKuil 3apeKoMeH1yBaB cebe B yMOBax
XPOHIYHOTO CTPECY Y XBOPHX CEPLEBO-CYAUHHOIO I1aTO-
noriero (Romanova et al., 2023). 3Bu4aiiHo, napanenbHO
JIOCITI/DKYIOTh 1 IIYKAHOTh MEHII TOKCHYHI Ta OUIBII
aKTHUBHI CHHTETHYHI 3acO0H, MOKH 0€3 BKIIYECHHS
¢itonpenaparis (Kyrychek, 2008).

Jo cxiagy kapBelicy BXOASITH DNl €BPONCHCHKUH,
BajiepiaHa, KpomuBa cobada, Menmica Jikapchka. i,
Jifouya pedoBHMHA SKOTO — (hJIABOHOIAM, TPUTEPIICHOBI
KHACJIOTH, (DEHONKapOOHOBI KHCIIOTH, Ma€ AHTHOKCH-
JaHTHY, NpoTHapuTMiuHy (momomxye Il ¢asy moren-
miany Jii, OJOKye KajieBl KaHalH), MpPOTH3alalbHY,
MO3UTHBHY 1 HOOTPOMHY Jifo. Banepiana HanexuTs 10
3aCMOKIMIMBUX NpenapaTiB, Mae CHOMIHHUE eeKT, HOp-
Mauizye ceprieBuil putM. Kponua cobaua (IyCTUPHHK)
MICTHTb aJKaJIOI1, XONiH, 1yOWIbHI PEYOBUHH, eDipHY
onito, (h1aBoHOIMM, TIIKO3WAM Ta iH., 10 3abesredye
MPOTHCYAOMHY,  KapaioTpoiuHy, MpPOTHAPUTMIUHY,
ceuorinny nito. TpaBa Memicu niKapchKoi MiCTUTH OJIiO
e(dipHy, TyOUIIbHI PEUOBHHHM, OPTAHIYHI KUCIIOTH, MiHEe-
paJIbHI COJIi, 110 3yMOBIIOIOTh 3aCTIOKIMIIMBY, CIIa3MOJTi-
THYHY, TIIOTCH3UBHY, CCYOT1HHY, OAKTEPHIIMIHY 0.
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Jlo xoMmmiekcHHUX (hiTompenapaTiB TakoX HaJCKHUTh
repbacTpec, SKHil TPU3HAYAIOTH VIS Tepallii CTPECOBUX
Ta MOCTTPaBMATUYHKUX CTPECOBUX po3naniB. [epbactpec
MICTHTB €KCTPAKT MACHU(IOPH, KBITOK POMAIIIKH, CYIIBITTSI
XMEJII0, 3epHa BiBCca, KOPIHHS CUOIPCHKOTO eNIeyTePOKOKa,
KEHbIIEHb, BiTaMinn B, Ta B ,. Excrpakt macudmopu
3HAYHO 3HMKYe Mepefonepariinumidi Hecrokiid. J[lo
CKJTaJly XMEJIO0 BXOIATH ajb(a-KUCIOTH, 130aIb(OKUC-
JIOTH, OETa-KUCIOTH, SKi MalTh MPOTUIYXJHHHY i,
MPUTHIYECHHST KIITUHHOT Tpojtidepartii Ta iHIyKyBaHHS
arronTo3y. Jlirodi peyoBMHM POMAIIKK MAIOTh ITMPOKHH
CIIeKTp (hapMaKOIOTIYHOI Aii CTOCOBHO TPUBOKHHX PO3-
JajiB, MPOTH3ANAIBHIH, IMyHOMOYIIOI0UNii, aHTHCTpe-
COBHI BIUTUB. ENeyTepokok, sIK i >KCHBIICHB, TPOSIBIISIE
anTucTpecoBy akTuBHICTH (Chaban & Bezsheiko, 2014).

Yacro 0 ¢itonpenapariB i3 METOI ITiBUIICHHS
AHTHOKCUJIAHTHOI i1 JOJAITh SHTEPOCOPOCHTH, OCO-
OJMBO KpEeMHE3eM, KUl Mae aHTHOKCUIAHTHUH, aHTH-
cTpecoBuil Ta anTHpagianiitauii BB (Volodina et al.,
2017; Golembiovska et al., 2019).

barato maTonmoriuHUX CTaHIB CYHMpPOBOKYIOTHCS
PO3BHTKOM OKCHIATHBHOTO CTpECy, KOJH CIOCTepira-

€THCSl IHTEHCHBHA MPOAYKIliS BUIBHUX KHCHEBHX paji-
KaJiB y TiNi, sIKi HE MOXYTh OyTH BHJAAJIEHI BHACHIIZOK
IHTCHCHBHUX OKHCHIOBAIbHUX MPOIIECIB Ta BUKJINKAIOTh
[IOIIKO/PKEHHS KIIITHUH 1 TKaHUH. CaMe OKUCIIIOBAJIbHUN
CTpeC BUHMKAE TPH 3HAYHINH KITBKOCTI 3aXBOPIOBAHb,
a 3MCHIINUTH MPOSBU OKUCHIOBAJIBHOTO CTPECY MOXKeE
MPU3HAYCHHS B KOMIUICKCHIN (papmakoTepamnii aHTH-
OKCUIAHTIB. JlOCHIJDKEHHS TIOKa3alaH, IO OiIbIIICTh
KHTalchKuX (hiTompenapariB € aHTHOKCHJAHTAMH, X04a
MaloTh pi3Hi GapMakoIoriyHi e()eKTH Ta YCKIaIHEHHS.
3apa3 y JiKyBaJbHOMY e(eKTi ¢irompenapariB KUTai-
ChbKa MEIUIIMHA MiJKPECNIOe HASBHICTh Y HUX AHTHU-
okcugaHTHO1 nii. [lomanpmii JOCHIHKEHHS PO3IINPIO-
I0Th CIIEKTp 3aCTOCYBaHHS (iTONpenapaTiB, yTOUHIOIOTh
1XHI MOKa3aHHS.

BucHoBkmu.

B ymoBax crpecoBuXx cTaHIiB (FOCTPOro, XpoHid-
HOI'0 cTpecy) AJs NPOQIIAKTUKY i JiKyBaHHSA Nepe-
Bary cJia HajaBatu ¢itonmpenaparam, siki Ha Bia-
MiHY Bil CHHTeTHYHUX MAaKOTh OlIbIIy 0e3meyHicTh
i OlsibIe cniBBiTHONIEHHS «KOPUCTh/PUBHK».
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PECULIARITIES OF CLINICAL TRIALS
IN COMPLEMENTARY AND ALTERNATIVE MEDICINE

Actuality. Complementary and alternative medicine (CAM) refers to a wide range of healthcare practices, products, and therapies
that are not generally considered as a part of conventional medicine. The use of CAM is widespread and growing because patients seek
more holistic approaches to health care and their well-being. Clinical trials play a key role in the evidence-based medicine system to
prove the effectiveness and safety of various treatments.

Materials and methods. Analysis of literature data.

Research results. Evidence from clinical trials can facilitate the integration of effective CAM therapies into mainstream healthcare.
CAM is associated with unique challenges in clinical trial conduct due to its inherent diversity and holistic approach, which often defies
conventional standardisation. These challenges include establishing consistent dosing, selection of appropriate control groups, and
ensuring the reproducibility of personalised treatments. For consistently of CAM therapy across all study participants, it is necessary
for practitioners (investigators) to be trained in CAM treatment deliver. Moreover, correctness of the treatment delivery throughout
the trial should be monitored throughout the study. Pragmatic clinical trials (PCT5) offer a valuable approach for testing the efficacy
and safety of CAM therapies. PCTs are designed to evaluate the effectiveness of interventions in real-world clinical settings, which
can provide advantages for CAM research. PCTs can help in revealing how CAM therapies perform when used by a diverse patient
population.

Conclusion. Evidence from CAM clinical research can ultimately help patients and healthcare providers make informed decisions
about the use of CAM in clinical care with necessary recognition and approval by regulatory bodies.

Key words: complementary medicine, alternative medicine, clinical research, pragmatic clinical trials, real-world settings.
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OCOBJIMBOCTI KJITHIMHUAX JOCJIKEHD
Y KOMIIVIEMEHTAPHIN TA AIBTEPHATUBHIN MEJIUILINHI

Axmyansnuicme. Kovniemenmapra ma anemepuamuena meouyura (KAM) exntouae y cebe wupoxuti chekmp mMeouuHux npakmux,
npenapamis ma memooié JiKy8aHHs, Ki 3a36uuail He po32isioaiomvpCs K 4acmuna mpaouyitinoi meouyunu. Buxopucmanns KAM
UUPOKO PO3NOBCIOONCEHE | 3DOCMAE, OCKINbKY NAYIEHMU ULYKAIOMb OLnbld YIICHI RIOX00U 00 NOKpauyeHHs 300p08 st ma 61a2ononyyus.
Kniniuni eunpobyeannsa idizparoms Kaio4o8y ponb y cucmemi 00Ka3060i Meouyunu 011 008e0eHHs eheKmugHocmi ma 6e3nexu pisHux
Memooig NKY8aAHHS.

Mamepian i memoou. O2150 Oanux HAyKoBOi nimepamypu.

Pesynomamu 0ocnioxcennsn. Jani Kiiniunux eunpobyeans Moxcyms cnpusmu inmeepayii epekmugnux memoois nikysanns KAM
¥y cucmemy oxoponu 300pog's. I3 memooamu KAM acoyiitosana nuska cknaonowie nio yac nposedenis KAiHiYHUx sunpooyeans uepes
npumamanny il eapiabenvricms i xonicmuunul nioxio, AKi uacmo He nidoaromuvcsa mpaouyinunit cmanoapmusayii. Lfi cknaonowi
BKIIOUAIOMb Y cehe 6CMAHOBNEHHsL 00HAKOB0I 003U, GUOID BIONOGIOHUX KOHMPONbHUX 2PYN I 3a6e3neUer s 6I0MEOPIOEAHOCI NEPCOHA-
Ni308aHUX Memo0i6 NiKyeanHus. /[ 3abe3neuents aHaiociyHocmi nposedenHs aikysanns memooamu KAM cepeo ycix yuacnuxie ooci-
oicentsi HeobXiOHO, Wob NPakmuKyloui Jikapi (00CciionuKu) npouuinu 6ionosioni mpenineu. OKpim moeo, npasuibHICIb NPOBEOCHHS
JUKYBAHHS NOBUHHA OYMU 00 'EKMOM MOHIMOPUHZY NPOMSALOM YCb020 00CiOcenHs. [Ipaemamuyni kiniuni eunpobysannus (IIKB) npo-
NOHYIOMb YIHHUU NIOXI0 015 00cniodxcents epekmugnocmi ma 6esnexu memodie KAM. ITIKB npusnaueni ons oyinku egpexmusnocmi
8MPYUaAHb Y PeanbHUX KAIHIUHUX YMOBAX, W0 Modice 3abe3nequmu nepesazu 0is 0ocuiodtcens y cepi KAM. ITKB moorcyms donomozmu

B8CMAHOBUMU PE3VILINATMUBHICTIG UKOPUCAHHA Ni0X00i6 KAM 3a 3acmocysants 6 pisHUX NONYIAYIAX NAYIEHMIE.
Bucnosok. Jlokazosa b6asza 3a pezynomamamu Kainiunux oocniodxcenv y KAM mooice cnpusimu nputinsimmio o6IpyHmosanux piuieHs
nayieHmamu ma MeOuyHUMU NPAYIBHUKAMU uj000 sukopucmants KAM y kainiunii npakmuyi 3 He0OOXIOHUM GUSHAHHAM [ CX8ALEHHAM

PeyNAMOPHUMU OP2AHAMU.

Knrouosi cnosa: komniemenmapua meouyuHa, aibmepHamueHa MeOuyuta, KIiHiuyHi 00CIi0NCeHH S, NPASMAMUYHI KITHIYHT 6UNpo-

Oyeanus, yMo8U peanbHo20 3aCmMOoCy8aHHs.

Relevance. Complementary and alternative medicine
(CAM) refers to a wide range of healthcare practices,
products, and therapies that are not generally considered
as a part of conventional medicine. CAM is character-
ized by its holistic approach to patient care, focusing on
all aspects of human being. CAM encompasses a diverse
group of medical and healthcare systems, practices, and
products, such as (Chugh-Gupta et al., 2013; NCI, 2024):

— mind-body therapies (e.g., meditation, yoga, tai chi);

— biologically based practices (e.g., vitamins, botan-
icals, dietary supplements);

— manipulative and body-based practices (e.g., mas-
sage, chiropractic);

— energy healing (e.g., reiki, therapeutic touch);

— whole medical systems (e.g., ayurvedic medicine,
traditional Chinese medicine).

The use of CAM is widespread and growing because
patients seek more holistic approaches to health care and
their well-being. The effectiveness and safety of CAM
therapies are becoming increasingly researched in clini-
cal trials to provide evidence for their use (WHO, 2013;
Sayligil, 2021).
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Clinical trials play a key role in the evidence-based
medicine system to prove the effectiveness and safety of
various treatments (NCCIH, 2010). While many common
principles can be applied to the conduct of clinical trials
for CAM therapies, the planning and conduct of such clin-
ical trials require additional efforts and attention due to
the nature of CAM practices, including but not limited
to peculiarities with their standardisation, complexity of
their application, often personalised or individualised
approach for each patient (Sikorskii et al., 2009; Rze-
pinski & Tabaczewski, 2016; Zhang & Zhang, 2021).

Purpose of the work. The purpose of this literature
review is to discuss the peculiarities of planning and
conducting clinical trials for CAM products, to look at
the regulatory field in this area, as well as to highlight
the role of pragmatic clinical trials in CAM research.

Materials and methods of the study. Review of lit-
erature data is provided.

Research results and discussion. The need to con-
duct clinical trials in CAM is based on the same prin-
ciples that underlie the necessity for clinical trials in
conventional medicine: to provide evidence of safety,
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efficacy, and effectiveness. For example, the fact that
a treatment is natural does not guarantee that it is safe
and effective by default. Clinical trials can help in iden-
tifying potential side effects and interactions between
CAM interventions and in providing scientific data for
dose-selection and proof for efficacy and effectiveness
of CAM therapies (Sikorskii et al., 2009; NCCIH, 2010;
Rzepinski & Tabaczewski, 2016; DeBar et al., 2023;
Cancer Research UK, 2019).

Evidence from clinical trials can facilitate the integra-
tion of effective CAM therapies into mainstream health-
care, providing more options for patient care, and will
help patients and healthcare providers in making their
informed decisions about using CAM therapies. More-
over, rigorous clinical trial evidence is often required
for CAM therapies to be recognised and approved by
regulatory bodies (NCCIH, 2010; WHO, 2013; Cancer
Research UK, 2019).

Therefore, clinical trials should be considered as
an important component of evidence-based practice in
all areas of medicine, including CAM (NCCIH, 2010,
Rzepinski & Tabaczewski, 2016; Cancer Research UK,
2019). It should be taken into account that conducting
clinical trials for CAM can have a number of peculiari-
ties (Sikorskii et al., 2009; NCCIH, 2010).

General peculiarities of clinical research in CAM.
Clinical trials in CAM represent unique challenges and
peculiarities compared to conventional medical research
and often require collaboration between traditional
researchers and CAM practitioners to ensure that the
study design is both scientifically rigorous and applicable
to the CAM therapy being tested (Zhang & Zhang, 2021).

The process of participant recruitment for CAM
clinical trials may be easier in some cases due to pub-
lic interest in CAM. Since CAM therapies often aim to
improve overall well-being and quality of life, which
can be subjective, well-defined and validated outcome
measures are required (WHO, 2000).

CAM treatments often involve complex interven-
tions that may include multiple components, such as the
combination of diet, lifestyle advice, and herbal supple-
ments, making it difficult to isolate the effect of a sin-
gle component. Due to this fact, interpretation of study
results can be complicated (Macpherson, 2004; Zhang
& Zhang, 2021).

It can be challenging also to create an appropriate
placebo for CAM therapies particularly for practices
like acupuncture or chiropractic where physical inter-
ventions are apparent (NCCIH, 2010) or traditional Chi-
nese herbal therapy (Zhang & Zhang, 2021). Similarly,
blinding participants and practitioners can be challeng-
ing in these interventions (Caspi et al., 2000).
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Cultural considerations play a critical role in the
design, conduct, and interpretation of CAM clinical tri-
als due to the diverse origins and cultural significance of
many CAM practices (Zhang & Zhang, 2021). Moreo-
ver, CAM practices are often deeply rooted in specific
cultural or traditional beliefs, which can affect partici-
pants’ expectations, engagement, and response to treat-
ment. Special training of the research staff in the field of
cultural competence can be helpful in better interactions
with participants and can increase the quality of data
collected. It can also help in recognising and respecting
cultural differences in healthcare (WHO, 2000).

Standardisation in CAM clinical research. In clini-
cal trials, it is essential to achieve a certain level of stand-
ardisation to ensure that the results of a clinical trial are
reliable, valid, and replicable. However, standardisation
in CAM clinical trials can be particularly challenging
due to the inherent personalised nature of many CAM
therapies (WHO, 2000; Shamabadi, 2021).

Standardisation in CAM clinical trials can be sup-
ported by predefined patient selection process with clearly
specified inclusion and exclusion criteria to ensure a
homogeneous study population. When study population is
selected, randomisation can help in evenly distribution of
patient characteristics that could affect the outcome across
different intervention groups (Sikorskii et al., 2009).

Standardisation in CAM clinical trials can be also
achieved with clear protocols prespecifying administra-
tion of the CAM therapy, including dosage, frequency,
duration, and the method of delivery. Moreover, prac-
titioners (investigators) should be trained to deliver the
CAM therapy consistently across all study participants
and the fidelity of the treatment delivery throughout the
trial should be monitored. This helps ensure that all par-
ticipants receive the intervention in the same manner
(WHO, 2000; Sikorskii et al., 2009).

When testing herbal medicines or supplements,
standardised extracts with known concentrations of
active constituents should be used to ensure consistency
(WHO, 2000; WHO, 2018; Shamabadi, 2021).

Considering that placebo-control is a golden stand-
ard in clinical development, the use of placebo should
be encouraged in CAM clinical trials, although develop-
ment and use of a placebo can be often a complex task,
especially for modalities like acupuncture, massage or
herbal therapy (WHO, 2000; Sikorskii et al., 2009; Ang
et al., 2012; Zhang & Zhang, 2021).

Implementation of blinding wherever possible and
feasible, for both practitioners and participants, can
help in bias reduction (Caspi et al., 2000; Sikorskii et
al., 2009). Alternatively, evaluator should be blinded to
reduce bias (DeBar et al., 2023).

27 ==
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In order to ensure reproducibility and generalisability
of results, it is advisable to use widely accepted outcome
measures that can be consistently applied across all trial sites
and participants and to document the specifics of the CAM
intervention in such a way that the trial can be reproduced
by other researchers (WHO, 2000; Cabo & Browne, 2023).

To support necessary level of standardisation in plan-
ning, conduct and reporting of clinical trials in CAM, spe-
cific guidelines have been developed. While the funda-
mental principles of conducting clinical trials are similar
across all types of medicine, these guidelines address the
unique challenges and considerations inherent in CAM
research (WHO, 2000; Jung et al., 2021; NCCIH, 2024).

Guidance on conducting research on CAM therapies,
including best practices for designing and conducting
clinical trials, are provided by the National Center for
Complementary and Integrative Health, which is the part
of the U.S. National Institutes of Health (NCCIH, 2024).
The Consolidated Standards of Reporting Trials (CON-
SORT) Group has developed an extension for trials of
herbal medicine interventions, which can be applicable
to some types of CAM therapies (Sikorskii et al., 2009).
World Health Organization has published guidelines
on how to conduct research and evaluate the safety and
efficacy of traditional medicine, which is often consid-
ered under the CAM umbrella (WHO, 2000). While not
specific to CAM, the International Council for Harmo-
nisation’s Good Clinical Practice (GCP) guidelines are
the international ethical and scientific quality standard
for designing, conducting, recording, and reporting trials
that involve the participation of human subjects. Compli-
ance with GCP ensures that the data and reported results
generated in a clinical trial, including those conducted
for CAM therapies, are credible and accurate, and that
the rights, integrity, and confidentiality of trial subjects
are protected (Jung et al., 2021; Sayligil, 2021). Moreo-
ver, some academic journals that publish CAM research
may have specific guidelines for authors on how to con-
duct and report CAM trials (springer.com, 2024).

While these measures can standardise the interven-
tion to a degree necessary for rigorous clinical trials, it’s
also important to balance standardisation with the per-
sonalised nature of CAM. Researchers often use prag-
matic clinical trial designs to study the effectiveness of
CAM therapies in real-world settings, which allows for
some variation in how the therapy is administered. This
approach can provide evidence that is more applicable to
everyday practice, where CAM therapies are often per-
sonalised to individual patient needs.

The role of pragmatic clinical trials in CAM. The
concept of pragmatic clinical trials (PCTs) was first for-
mally introduced by Schwartz and Lellouch in 1967.
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In their fundamental paper, they distinguished between
“explanatory” trials, which aim to understand the under-
lying mechanisms of interventions, and “pragmatic”
trials, which aim to inform decisions about practice
(Schwartz & Lellouch, 1967).

Schwartz and Lellouch proposed that the choice
between these two types of trials should be based on
the objective of the trial: whether it is to test a scien-
tific hypothesis with understanding causal relationship
or to decide about which treatment to choose between
options (Schwartz & Lellouch, 1967; Macpherson,
2004; Arvidsdotter et al., 2013).

PCTs offer a valuable approach for testing the effi-
cacy and safety of CAM therapies. PCTs are designed to
evaluate the effectiveness of interventions in real-world
clinical settings, which can provide advantages for CAM
research (Macpherson, 2004; Chan et al., 2021; DeBar et
al., 2023).

Since PCTs test treatments under conditions that
are much closer to everyday practice compared to the
more controlled environment of explanatory trials, this
can reveal how CAM therapies perform when used by a
diverse patient population in routine clinical care. Con-
sistently, PCTs typically have fewer exclusion criteria,
allowing for the inclusion of patients with comorbidities
and varying demographics. The use of broader patient
populations and less restrictive protocols in PCTs can
lead to a more complete understanding of the safety pro-
files of CAM therapies, including the identification of
rare or long-term adverse events (Macpherson, 2004;
Chan et al., 2021; DeBar et al., 2023).

Since CAM therapies often require a degree of indi-
vidualisation which challenges their standardisation,
PCTs can accommodate the variations in treatment
delivery that are characteristic of many CAM practices,
such as adjustments in acupuncture points, herbal for-
mulations, or dietary interventions (Macpherson, 2004;
Sundberg et al., 2009; Lim et al., 2024).

In some level of contrast to conventional clinical
trials with more common use of objective study end-
points, PCTs often focus on outcomes that are meaning-
ful to patients, such as quality of life, symptom relief,
and functional status. These outcomes align well with
the holistic approach of many CAM therapies, which
emphasize overall well-being (WHO, 2000; Macpher-
son, 2004; Zhang & Zhang, 2021).

Morcover, PCTs can measure adherence to CAM
therapies and acceptability to patients, which are critical
factors for the successful implementation of these treat-
ments in practice. The evidence generated from PCTs
can support the integration of effective CAM therapies
into mainstream healthcare systems, as they demonstrate
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how these therapies work in typical clinical settings
(Macpherson, 2004; Chan et al., 2021).

Therefore, PCTs can provide evidence that is more
generalisable to routine practice, which is particularly
useful for evaluating the real-world efficacy and safety
of CAM therapies. This evidence can ultimately help
patients and healthcare providers make informed deci-
sions about the use of CAM in clinical care (Macpher-
son, 2004; Sundberg et al., 2009).

Conclusions

In comparison to conventional healthcare, CAM has
unique characteristics that represent challenges in the
conduct of clinical trials. Particularly, individualised
and holistic nature of many CAM therapies can compli-

cate standardisation and outcome measurement. PCTs
are an important option in this context because they
are designed to evaluate the effectiveness and safety
of interventions in real-world settings with primary
focus on outcomes that are meaningful to patients. Evi-
dence from CAM clinical research can ultimately help
patients and healthcare providers make informed deci-
sions about the use of CAM in clinical care with nec-
essary recognition and approval by regulatory bodies.

Prospects for further research. Development and
refinement of methodologies that can accommodate
the personalised and holistic nature of CAM therapies
within the framework of clinical research is a perspec-
tive task for further research.
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E®EKTUBHICTb CACTEMHOI EH3UMOTEPATII
Y KOMIIJIEKCHOMY JIIKYBAHHI OCTEOAPTPO3Y

Axmyansnicms. Ocmeoapmpos (OA) modicha oxapakmepu3sysamu ;K cepriosHe 0ecmpyKmugHo-OUCmpoghiute 3axeopioeaniis, sKe
Mookce ypasumu 0y0b-aKull Cy2100 TH0OUHU HE3ANEHCHO IO 11020 cmpyKmypu ma @yHryii. L]a xeopoba mae xpouiynuii nepebie iz mem-
Oenyiero 00 3a20Cmpenb ma NPOPecy8anHts YPAtCeHHsA Cy2lo008020 XpAwd, iHUUX MKAHUK CYenoda ma mux, sKi 1020 0mouyoms.
Yacmum pesyromamom npoepecysanns OA € nosna smpama gopmu ma Qynxyii cyenoba, wjo npuzeooums 00 insaniousayii nayienma.

Mema 0ocnidyceHHA — UGUUMU 6NAUE KOMNIEKCHO20 NIKYEAHHA NAYIEHMIE 3 0CMeoapmpo30oM i3 3aCMOCY8aHHAM Npenapamy
CUCMEMHOI eH3UMOMePanii Ha NOKAZHUKU nepebicy 0cmeoapmpo3y ma 2acmpoeHmeposo2iuHoi CUMNMOMAMUKU.

Mamepian i memoou. byno oo6cmesicero 62 nayienmu 3 nepeunnum OA. Yci nayienmu 6yau po3oineni na 06i cniecmagumi epynu:
epyna 1 (n=32), aka ompumysana NiKy6aHHs 32i0HO 3 NPOMOKOIOM, KYpC npenapamie 6asucHoi mepanii, a came: HecmepoioHi npo-
MU3ananvbri npenapamu, XoHOPONPOMeKmopu i/abo XoHOPOCMUMYIAMOPU Y 3a2ANbHOMEPANESMUUHUX 003AX 3d BUMO2010; epyha 2
(n=30) ompumysara Kypc npenapamis 6azucroi mepanii 3 000amMKOBUM NPUSHAUEHHAM NPENapamy CUCMeMHOI eH3UMOmepanii.

Pesynomamu docniodycennsn. Yemanogieno cmamucmuyno 0ocmogipny piznuyio mioe A0 noxkasnuxis inoexcie WOMAC, Jlexena,
BAIII, piens ¢exanvroi o-enacmaszu, 6anibHoco nokasHuxa konpozpamu ma Y3/ nioutnyHkooi 3an03u, a makoic NOKA3HUKIE Onunty-
sanvruxa GSRS 0o ma nicas nikysanma y docniodcysanux epynax (p<0,05), wjo ceiouums npo 0oyinbHicme 3acmMocy8ants npenapanmy
cucmemnoi enzumomepanii' y KOMnAeKCHOMY NIKY8anusa xeopux na nepeunnuii OA.

Bucnogok. 3acmocysanns KOMNIAEKCHO20 NIKYBAHHA NAYIEHMIE 3 OCMeoapmpo3oMm i3 000amKOBUM GKIOUEHHAM NPenapamy
cucmemnol ensumomepanii npuzeeno 00 CMamucmuiHo 00CMOBIPHO 8A2OMIUI020 NIKYBATbHO20 GNAUBY HA Nepedie 0cmeoapmposy 3a
inoexcamu WOMAC, Jlexena me BAILLI (p<0,05). Takoorc 6useneno nosumueHy OUHAMIKy eacmpoeHmeponrocivHoi CUMIIMOMAMUKY, 3d
NOKA3HUKAMU (heKabHOI a-enacmasu, 6anbHO20 NOKAZHUKA KONPOSPAMU, CYMapHo20 banbHozo napamempa Y3/ niownynkosoi sanosu,
wikan onumysanvuxa GSRS (p<0,05), wo c8iduums npo OOYinbHICMb 3ACMOCYBAHHI NPENAPamy CUCMEMHOL eH3UMomepanii' y Komn-
JIeKCHOMY IKYBAHHI X6OPUX HA NEPEUHHUL OCeoapmpo3 i3 HAsIGHOIO 306HIUHbOCEKPENOPHOIO HeOOCMAamMHICMIO NIOULTYHKOBOI 31031

Knrwuosi crnosa: ocmeoapmpos, 2acmpoenmeponoiuti 3ax60pio8anHsl, CUCIEMHA eH3uMomepanis, komopoionicmo, HII3I1, ¢hynk-
YIOHAbHA HEOOCMAMHICIMb NIOWLYHKOBOT 3A103U.
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EFFICIENCY OF SYSTEMIC ENZYMOTHERAPY
IN THE COMPLEX TREATMENT OF OSTEOARTHRITIS

Introduction. OA can be characterized as a serious destructive-dystrophic disease that can affect any human joint regardless of
its structure and function. This disease has a chronic course with a tendency to exacerbate and progression of damage to the articular
cartilage, other tissues of the joint, and those surrounding it. A frequent result of the progression of OA is the complete loss of joint form
and function, which leads to the disability of the patient.

The purpose of the study is to study the impact of complex treatment of patients with osteoarthritis with the use of systemic enzyme
therapy on indicators of the course of osteoarthritis and gastroenterological symptoms.

Materials and methods. 62 patients with primary OA were examined. All patients were divided into two comparable groups: group
1 (n=32), which received treatment according to the protocol, a course of basic therapy drugs, namely non-steroidal anti-inflammatory
drugs, chondroprotectors and/or chondrostimulators in general therapeutic doses as required,; group 2 (n=30) received a course of
basic therapy drugs with the additional appointment of a systemic enzyme therapy drug.

Results and their discussion. A statistically significant difference was established between the A6 indices of WOMAC, Leken,
VASH, the level of fecal a-elastase, the coprogram score and ultrasound of the pancreas, as well as the GSRS questionnaire before
and after treatment in the studied groups (p<0.05), which indicates on the expediency of using systemic enzyme therapy in complex
treatment of patients with primary OA.

Conclusions. The use of complex treatment of patients with osteoarthritis with the use of systemic enzyme therapy has been found
to have a statistically significantly more significant therapeutic effect on the indicators of the course of osteoarthritis according to the
WOMAC, Lekena and VASH indices (p<0.05). Positive dynamics of gastroenterological symptoms were also revealed according to
fecal a-elastase, coprogram score, ultrasound of the pancreas, GSRS questionnaire scales (p<0.05), which indicates the feasibility of

using systemic enzyme therapy in the complex treatment of patients with primary OA.
Key words: osteoarthritis, gastroenterological diseases, systemic enzyme therapy, comorbidity, NSAIDs, functional pancreatic

insufficiency.

Beryn. AkryaabHicts. Octeoaptpos (OA) € nomm-
PEHOI0 XBOPOOOIO, sIKA YpaKye 3HA4YHY YAaCTHHY Hace-
neHHs B ychoMmy cBiTi (Molnar, 2021, 9208). I3 Bikom
30UTBIIYyEThCS TIOMHPeHicTh OA, IO CTBOPIOE MpO-
OJeMH 3 KOMOPOITHICTIO Ta YCKJIaHIOE Mmif0ip Oe3mey-
Horo nikyBanHs (Halabitska, 2021, 422-428). bausbko
303 MuTH JIrozield Y BCbOMY CBITI XBOPitOTh OA, 10 BKa3ye
Ha MaclITaOHICTh JTAHOT METMYHOIT TIPOOJIEMH, SKa BIUIU-
Ba€ He JIMIIEC HA OKPEMOTO TAIli€HTa, a i Ha CYCIUIHLCTBO
y mitomy (Deobold, 2023, 878-896; Kolasinski, 2020,
220-233). OA € OCHOBHOK TPHYUHOK 1HBATITHOCTI
y MOXHUJIOMY BIilli, HAWYACTIIIE YPayKArOThCs KOJTiHA, KYJTb-
moBi cyntoou Ta KucTi. OA € TaToJIOTI€Er, IO BUKJIUKAE
3MIHH B YChOMY CYINIOOI, XapaKTepH3yOUHCh Jerpaja-
€0 XpsIlla, PEMOICTIOBAHHSIM KICTOK, YTBOPEHHSIM
ocTeo(diTiB Ta CHHOBIAJBHUM 3aITajICHHSIM, 0 MPU3BO-
IUTh 10 OO0, OOMEXKEHHSI pyXy, HaOpsIKy Ta BTpaTd
¢dynkuii cyrioda (Hawker, 2022, 181-192).

®diroTepanis. Yaconuc

AMepHKaHChbKa KoJIeTisi peBMaroiioriB (American
College of Rheumatology, ACR) omucye OA sik 3aXBo-
pIOBaHHS, IO BUHHUKAE dYepe3 BIUIUB Oi0JOTIYHHX
1 MeXaHIYHUX YMHHUKIB. L[i YMHHUKU MOPYIIYIOTH
HOpMalbHUI 0ajaHC MK TpoliecaMH PyHHYBaHHs Ta
BIJIHOBJICHHSI XOH/IPOIIUTIB, MO3aKIITHHHOTO MaTpUKCYy
CyrIo00BOTO Xpsilia Ta CYOXOHIpalbHOT KicTKH (Motta,
2023, 222-238; Babinets, 2020, 525-528).

OA MOXHa OXapaKTepH3yBaTH SIK CEpHO3HE
JNECTPYKTHUBHO-IUCTPO(IUuHE  3aXBOPIOBaHHS,  sIKE
MOXE ypas3uTu Oy/b-sKUH CYII00 JTHOIMHU HE3aIEKHO
BiJ OTO CTPYKTYpH Ta QyHKII. L{g1 xBopobOa Mae xpo-
HIYHUI TiepeOir i3 TeHICHIII€0 JI0 3ar0CTPEHb Ta MPo-
IPECYBaHHS YPaXEHHs CyrIoOOBOrO Xpslia, 1HIIMX
TKaHHWH cyrio0a Ta THX, [0 HOro OTO4YykTh. YacTum
pesynbraroM mporpecyBaHHsi OA € TOBHa BTpaTa
¢dopmu Ta pyHKIIT cyroba, o MpU3BOIUTH 10 IHBAITI-
nuzanii mamienta (Hall, 2022, 32—41).
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KomopbignicTs XpoHIiYHHX 3axBopioBaHb 3 OA
€ MHMPOKO TONIMPEHHM SIBUIIEM, OCOOIMBO y 3pilomy
Biri. [lamientn 3 OA moTpeOyroTe yBaru (axiBIliB i3
pi3HMX Tamy3eil METUIMHHM, TaKWX SIK JIKapi 3arajbHOl
MPAKTUKH, PEBMATOJIOTH, T[AaCTPOCHTEPOJIOTH, OPTOIIe-
JM-TPaBMaToNory, xipypru. lle moB'si3aHo 3 BHCOKHM
IHTETpaTUBHAM PHU3UKOM PO3BUTKY TOCTPHX CTaHIB 3a
OTHOYACHOTO 3aCTOCYBAHHS MEIHKAMEHTIB, SIKi MOXYTb
cnpuunHATH ycknamHenHs (Yunus, 2020, 614, Babinets,
2020, 7-10). OkpiM TOro, apTPO3W i IMATONOTISI BEPX-
HIX BUIIUTIB [IUTyHKOBO-KHIIIKOBOTO TPAaKTy BXOJSThH JIO
CKJIaJly JIEKUILKOX IIKaJl KOMOpOimHOCTi, TakuxX sik FCI
(Functional Comorbidity Index), innexc Kaplan-Feinstein
1 Burden Index — injekc 3aranbHOrO O0OJHOBOTO HAaBaH-
taxxenHs (Derbak, 2023, 34-38; Molnar, 2021, 9208).
3B'130k OA 31 IUTYHKOBO-KHIIIKOBUMH 3aXBOPIOBAHHSIMH
9acTO MOB'SI3YIOTH 13 TPUBAJIMM 3aCTOCYBAHHSM aHAIIb-
retukis, 30kpema HII3IT (Zhdan, 2024, 73-79; Hawker,
2022, 181-192; Redkva, 2021, 2557-2559).

Herarusuuit BmimB HII3II Ha tpaBHUMMI TpakT
MOSICHIOETHCSI IXHBOKO 3/IaTHICTIO OJIOKYBaTH (epMEHT
nukinookcurenasy-1 (LHOI'-1), mo npu3BoaAnTh 10 3MEH-
IICHHS CHHTE3Y (i310T0TIYHNX MPOCTATIIAHIUHIB Y CITH-
30Bili 00oJoHII. lle MOXe CHPUYMHHATH CTUMYIISIIIIO
MOTOPUKH TPaBHOTO TPaKTy, 30UIbIICHHS BUIUICHHS
COJISTHOT KHUCJIOTH, MOTIPIICHHSI 3aXUCHUX (DYHKINH CITH-
30BO1 Ta 3HMKEHHA 11 CTIHKOCTI 40 IKIUIMBUX YUHHUKIB
(Pasiyeshvili, 2023, 34-38, Halabitska, 2021, 422-428).

Hatinommpenimi HebaxaHi eeKkTH 3acTOCyBaHHS
HIT3II mono TpaBHOTO TpakTy BKItouaroTh HIT3II-iH-
nykoBany gucrienicito, HIT3IT-e3o¢aromnariro, ractpo-
IyO/ICHO— Ta CHTEPOTIATI0, a TAKOXK YPAKCHHS TOBCTOTO
kumeyHnka (Halabitska, 2021, 422—-428).

VYpaxoByroun 1€, MONANBII JTOCHIKSHHS Yy I
ctepi € HEOOXITHUMHU Ui BU3HAYEHHS ONTHMAJIbHUX
MIJIXOMIB JIO JIIKYBaHHSI Ta PO3POOJICHHS PEKOMEHIAITIH
010 BUKOPUCTAHHS JTIKYBaJbHHUX 3aCO0IB y MaIli€HTIB
13 mepBuHHUM OA 1 3aXBOPIOBaHHSIMH, SIKi CYIIPOBOIIKY-
1oteest Ex3HIT3.

Meta pocaiskeHHs] — BUBYWTH BIUIHB KOMILICK-
CHOTO JIIKyBaHHS TAI[IEHTIB 3 OCTEOAPTPO30M i3 3aCTO-
CyBaHHSIM TIpernapary CHCTEMHOI eH3MMOoTeparii Ha
MMOKa3HUKH Mepediry 0CTe0apTpo3y Ta raCTpOSHTEPOIIO-
TYHOT CUMIITOMATHKHY.

Marepianu Ta MeToau aocigxerHs. byino odcre-
)eHo 62 manienTw 3 nepsuHHEEM OA. LI manienTn nepe-
OyBaJId Ha JHCIIAHCEPHOMY OONIKY Ta CIOCTEPEIKCH-
HSAM CIMEHHOTO JIIKapsi B yMOBaxX MEIMYHOTO 3aKJIay
«lleHTp TEepBUHHOI MEIMKO-CaHITAPHOI JOTIOMOTHY
y micti TepHomodi.

I'pymna xorTpomro Brimtogana 30 mpakTHIHO 3J0POBUX
0ci0, SIKI He MaJIi KIIHIYHUX a00 aHAMHECTHYHUX JaHUX
PO 3aXBOPIOBAHHS CYIVIOOIB Ta IIITYHKOBO-KHIIKOBOTO
tpakty (LLIKT), a Takok He MaJld THCTPYMEHTAJIbHUX
03HAaK TaKHMX 3aXBOPIOBAHb.
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KpuTtepisiMu BKITIOUCHHS TIAIIEHTIB Y JOCIIKCHHS
Oy 0coOM 000X CTaTeH, SIKi MaJIn M ITBEP/DKEHUI Tia-
THO3 IIEPBHHHOTO OCTE0apTpo3y 3a MiKHApOIHOIO Kila-
cudikarmiero xBopob X nmepersiay ko K86.1.

XBopi Oy BUKITFOYEHI 3 JIOCIIJDKEHHS, SKIIO BOHU
MaJId TaKi CTaHW: MENTHYHA BUpPA3Ka IUTYHKA 1 JIBaHAI-
IITUTIATI0] KHIIKH, 3JOSKICHI HOBOYTBOPEHHS IILTYyHKA,
JIEMITIHT-CHH/IPOM, >KOBYHOKAaM'sSTHa XBOpO0a, ITHPO3H
TIEYiHKK, Pe3eKIlii MUTyHKa, 3JI0SKICHI HOBOYTBOPCHHS
MIEYiHKK, BIPYCHI TENaTUTH, MYKOBICIIHIO3, PE3CKIIis
ITIIUTYHKOBOT 3271031 B aHAMHE31, BEJTUKI KICTH T IILTyH-
KOBOi 3QJI03W, ITyXJIMHM IIiIUTYHKOBOI 3aJI03M, CTaH
TTCIIs XOJIeIMCTeKTOMIl, cuaapomu Kimapka — Xensinna,
3omrinrepa — Emmicona, Morancona — Bmizapna, I1IBa-
XMaHa, IyKpoBWH miaber I THITy, CyOKOMIICHCOBaHHMA
1 JICKOMIICHCOBaHUH IyKpoBuid miader Il Thmy, BUKOpH-
CTaHHS CHUCTEMHHX DIIOKOKOPTHKOCTEPOINiB, IIeTiaKis,
xBopoba Kpona; HecrerudiyHuili BHPA3KOBHH KOJIIT,
JICKOMITCHCAITiSI CePLICBO-TIETCHEBUX 3aXBOPIOBAHb, ITOPY-
IICHHSI PUTMY, TOCTPHIA iH(ApKT MioKapia, IepeHeceHe
TOCTpE OMNEpaTHBHE BTPYYAaHHS MPOTATOM OCTaHHBOTO
MicsIIIsl, XpOHIYHA HUPKOBa HepocTaTHicTh 11I-V craniii,
BariTHICTh, MATOJIOTIs IUTOMOMIOHOT 3aJ103H, Pi3Ke BUC-
Ha)KEHHSI, CXWIBHICTB JI0 KPOBOTEY, TICHXIYHI Ta MOBE/IIH-
KOBI PO3J1a]1, XBOPOOH KPOBI Ta KPOBOTBOPHUX OPraHiB,
iH(EKIIHI Ta Mapa3uTapHi HeCTaOlIbHA iIIeMiuHa XBO-
poba cepisl; 3aXBOPIOBAHHS, 3JIOSKICHI HOBOYTBOPCHHS
(i mmo3pa Ha HUX), rimeproHiyHa xBopoba [I-11I cTyne-
HIB, BPOJDKCHI aHOMAJIiT Ta XPOMOCOMHI MOPYIICHHS Ta
BiJIMOBA BiJl y4acTi B JJOCIIHKCHHI.

JiarHo3 octeoapTpo3y OyB BCTaHOBICHUH BiAIO-
BIJJHO JIO CTaHAapTiB, BH3HaUeHHNX y «KiiHidHOMY IIpO-
TOKOJII HaJaHHS MEIMYHOI JOTIOMOTH XBOPHUM i3 OCTe-
0oapTpo3oM», 3arBeppkeHoMy Hakazom MO3 VYkpainu
BiZ 12 sxoBTHs 2006 p. Ne 676, a Takok Ha OCHOBI Jia-
THOCTUYHHX KPHUTEpiiB MiKHApOAHOI acomiarii 1oci-
IokeHHS ocTeoapTposy (Osteoarthritis Research Society
International (OARSI) (2019), Amepukancekoi aco-
miamii pesmaromnorie (ACR, 2020) ta €Bpormeiicbkoi
acomianii pemaronoriB (European League Against
Rheumatism, EULAR, 2022). Ouinka crany cyrio0iB
BKIIFOYAJia OIS, TaNbMAIil0 Ta OO'€KTHBHY OIHKY
00JTI0 y CTIOKOI Ta Mij 9ac pyxy, BUKOPUCTOBYIouH Bizy-
anpHy aHajoroBy mkany (BAI) ta innekcu WOMAC
i Jlexena. Cranii octeoapTpo3y Ha peHTTeHOTpamax OIli-
HIOBaJMcs BianmoBimHo 1o kiacugikamii J. H. Kellgren
tal. S. Lawrens.

Jlns Bu3HaUCHHS (DYHKI[IOHAIBHOTO CTAHY ITiIIUTYHKO-
Boi 351034 (I13) ypaxoByBas piBeHb ()eKalIbHOI 0-eJ1acTasy,
SKy BH3HAJaIM IMyHO(EPMEHTHHM METONIOM, TOKAa3HHUKH
korporpamu ta Y3/] I13, 1o Oynu BupakeHi y Oanax. s
BI3HAUCHHSI HASBHOCTI T'ACTPOCHTEPOJIOTIYHOI CHMIITOMA-
TUKH BUKOPUCTOBYBau onutyBanbHUK GSRS.

VYei namienTy Oy po3ziieHi Ha JBi CHiBCTaBUMI
rpynu: rpyna 1 (n=32), sika oTpuMyBaja JiKyBaHHS
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3rigHo 3 mpotokoiom (JI3II), kypc mpemnapariB Gazuc-
HOI Teparmii, a caMe: HeCTepoiAHi MpoTHU3amaibHi Tpe-
napari, XOHAPOIIPOTEKTOPHU 1/a00 XOHIPOCTUMYNIATOPH
y 3araJbHOTEPANEeBTHYHMX J103aX 32 BUMOTOIO; Ipyma 2
(n=30) orpumyBajna Kypc mpenapariB 0a3ucHOi Tepa-
mii 3 JOAATKOBMM IPHU3HAYCHHSAM IpErapary CHUCTEM-
noi ensumorepamii (IICET) Bo6eusum® (MUCOS
Emulsionsgesellschaft mbH, Himeuunna) mo 10 mpaxe
TpUdi Ha 100y MPOTATOM 4-X THXKHIB, TIOTIM 110 5 paxe
3 pa3u Ha 100y npotsirom 2-X TxkHiB (JISTI+IICET).

BusnaueHHs piBHS JOCHIKYBAHUX MOKa3HUKIB MPO-
BOJIMITH JIO 1 ITICJIS IECTH THKHIB Bijl TIOYATKY JIIKyBaHHSI.

Jns BU3HAYCHHS BiAMOBITHOCTI PO3MOALTY JaHUX
3aKOHY HOPMAJIBHOTO PO3MO/UTY OyB BUKOPHCTAHUH KPH-
tepiii Llamipo — Yinka (Shapiro — Wilk). 3a HopmansHOTO
posnofiny gaHux Oyno 3actocoBaHo t-kputepiii Crro-
nenTa (Student t-test) 11 MOPIBHAHHS CEpeAHiX 3HAYCHD
MDK HE3QJIC)KHUMH Ta 3QJICKHUMH TPylNamMH. 32 BiIXu-
JICHb BiJl HOPMAJBbHOTO PO3MOILTY BHKOPHCTOBYBANCS
HerapameTpuuHi Metomu: U-kputepiii Manna — YiTHi
(Mann — Whitney U-test) — i mOpiBHSHHS CepenHix
paHTiB MDK HE3aJCKHUMH Trpynamu, W-kputepiit Bin-
kokcoHa (Wilcoxon signed-rank test) — s TOpiBHSHHS
CEepeHIX PaHTIB MK 3aJICKHUMH TPyTIaMH.

Jis oOpoOKM JaHMX Ta CTATUCTHYHOTO aHallizy
BHUKOPHCTOBYBAJIUCS MPOTPAMHO-MAaTEMaTHIHUH KOMII-
JIeKC JUTS TIEPCOHATIBHOTO KoM 1oTepa «Microsoft Excel
2016», a TakoX CIICIiali30BaHi TpOrpamMH Ui CTa-
TUCTHYHOTO aHali3y Ta OOpOOJICHHS NaHWX, 30KpeMa
«STATISTICA® 8.0», (Stat Soft Inc., USA), IBM®
SPSS® Statistics Version 23.0, GraphPad Prism® 8.0,
MedCalc v.19.0.7.

Pesynbrarn pociigkeHHss Ta iX 00roBopeHHs.
BuBueHO BIIMB KOMITIGKCHHUX ITPOTPaM JIiKYBaHHS Ha

quHamiky iHgexkcy WOMAC y marfieHTiB i3 nepBHH-
HuUM OA (Tabm. 1). BUsBICHO CTAaTUCTHUYHO JOCTOBIpHE
3HIKCHHSI TIOKAa3HMKIB yciXx mkan ingekcy WOMAC
B 000X mocnimKyBaHux rpynax (p<0,05), mpore y rpymi
2 nikyBalbHUHM e(eKkT OyB CTATHCTHYHO JOCTOBIpPHO
BaromimuM (p<0,05), mo CBiTYUTH TPO JOUUIBHICTH
3aCTOCYBaHHS MpenapaTry CUCTEMHOT €H3UMOTepartii ist
KOMIIJICKCHOTO JIIKyBaHHS MamieHTiB i3 nepBUHHUM OA.

VY rpymi 1 mokasuuk ingexkcy WOMAC 3a Gomem
sHm3uBcs Ha 11,79%, 3a ckyricTio — Ha 26,13%, 3a
¢dyHKIIOHATEHOW HejocTaTHicTIO — Ha 9,00%, cymap-
HUH nokasHuK ingekcy WOMAC 3uHm3uBcst Ha 10,21%
MICHs JIIKyBaHHS TOPIBHSAHO i3 IIMM IOKa3HUKOM [0
mikyBaHHA. Y Tpymi 2 mokasHuk ingekcy WOMAC 3a
Oonem 3HM3UBCS Ha 13,26%, 3a ckyTicTio — Ha 46,15%,
3a (yHKIIOHATBLHOW HexocTaTHicTio — Ha 12,73%,
cyMapHuii mokaszHuk iHgaekcy WOMAC 3HU3UBCS Ha
15,90% micns niKyBaHHS TOPIBHIHO 13 MM OKA3HIKOM
110 JTIiKyBaHHS. TakoXX yCTaHOBJICHO CTATHCTHYHO J0CTO-
BipHY pi3HHIIO MK Ad moka3HuKIB iHIeKCiB WOMAC
JI0 Ta TiCNs JIKyBaHHS Y JOCTIIDKYBaHUX TpyIax
(p<0,05), 110 CBiTYHUTH TPO JOUIIBHICTh 3aCTOCYBAaHHS
Iperapary CUCTEMHOI €H3UMOTepanii y KOMIUICKCHOMY
JiKyBaHHI XBOpHUX Ha nepBuHHUI OA (Tabm. 1).

[Tix yac BUBUCHHS TUHAMIKH iHIEKCY JlekeHa y oci-
JUKYBAHHX TPyTIax BISBICHO CTATHCTHYHO I0CTOBIPHE 3HHU-
YKEHHS JIAHOTO TOKA3HHUKA B 000X JIOCHI/PKYBAaHUX TPyTIax
(p<0,05), mpore ikyBaIbHUH e(eKT y rpyri 2 OyB Baromi-
M (p<0,05), 110 CBITYUTH PO TOLUTHEHICTH 32CTOCYBAHHS
npernapary CHUCTEMHOI CSH3UMOTepartii y KOMIUICKCHOMY
JKyBaHHI nanieHTiB i3 neppuHHEAM OA (Tabm. 2). V rpymi
1 ingekc Jlekena 3HU3MBCS Ha 26,09% micis JKyBaHHS
TIOPIBHSHO 13 IIMM ITOKAa3HUKOM JIO JIIKYBaHHS. Y Tpymi 2
iHneke Jlekena 3um3uBcs Ha 31,82% micns JiKyBaHHS

Tabmus 1

Junamika ingekcy WOMAC y naunienTiB i3 nepsuaanM OA miji BIJIMBOM Pi3HHUX JIiKYyBaJIbHUX MPOrpam

I'pyna nopiBHsiHHS
IToxa3nuk = + =
Kowtpoms (1=30) Tpyna 1 (131 (n=32) Tpyna 2 (JBTLTICET) (n=30)
Jlo jikyBanHst Hicas aikyBanusa | Jlo nikyBanus | Ilicas gikyBanHs
Tupexe W&ﬁAC’ G, 0,79+ 11,28+0,17* 9.95+0,15%4 11,2440,15* 9,75:0,12%4&
AS(M£m) 1,34+0,10 1,52+0,07£
Tunexe WOMAC, 0,12+ 3,1020,12* 2,290,074 3,1240,11% 1,68+0,06™#&
CKYTICTh, Oanu
AS(M:£m) 0,81+0,05 1,45+0,04£
Tnziexe WOMAC, gymk. 1,15+ 28,66+1,03* 26,08+0,51*# 28,68+1,05* 25,03+0,45*#&
HCIOCTaTHICTh, 6am/1
AS(M:£m) 2,58+0,42 3,6740,43£
Tnpexe WOMAC, 2,38+ 43,1042,19* 38,70+1,16™# 43,072,18% | 36,22+1,07%#&
cyMapHHi, Oau
AS(MEm) 4,39+1,01 8,86+0,97£

Ipumitkn: 1. * — cTaTUCTHYHO TOCTOBIpHA BIIMIHHICTB CTOCOBHO rpymy KoHTpoio (p<0,05); 2. # — cTaTHCTHYHO JXOCTOBipHA

BIIMIHHICTH CTOCOBHO CBO€i rpymu micis jdikyBanHs (p<0,05)
rpynu micns JikyBaHHs (p<0,05); 4. £
JociipKyBaHuME rpynamu (p<0,05)
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MOPIBHSIHO 13 IIMM TOKA3HUKOM JIO JIIKYBaHHS. Takox
YCTaHOBJICHO CTATUCTHYHO JOCTOBIPHY PI3HUIIO MDX
Ad moKa3HUKIB iHzekcy JlekeHa mo Ta MICHS JTKYBaHHS
y JOCIKYBaHUX TpyMax, IO CBIIYHTH PO JIOILIb-
HICTh 3aCTOCYBaHHS NpeMapary CUCTEMHOI eH3UMOoTepartii
y KOMIUICKCHOMY JIKyBaHHI XBOpMX Ha mepBuHHHNA OA
(p<0,05) (Tabm. 2).

[IpoananizoBaHO IWHAMIKY ITOKAa3HHKIB 1HJICKCIB
BAIll y manienTiB i3 mepBUHHIM OA TIi/] BIUTHBOM KOMII-
JIEKCHHUX TIPOTpaM JiKyBaHHS (Tabm. 3). Bussneno cra-
TUCTUYHO JIOCTOBIPHE 3HIIKCHHS IMOKA3HUKIB 1HIIEKCIB
BAII y 000X mocnmipKyBaHUX Tpynax Micis JiKyBaHHS
(p<0,05), mpoTte mixyBadbHUIA edekT y rpymi 2 OyB Baro-
MitmmM (p<0,05), 110 CBIAYUTH MPO JOMIIBHICTH 3aCTOCY-
BaHHS Ipernapary CUCTEMHOI CH3UMOTepartii y KOMIUICK-
CHOMY JIiKyBaHHi nanieHTiB i3 nepBuHHEM OA. Y rpymi 1
innexc BAIL 6omro y cniokoi 3Hm3uBCs Ha 11,25% micns
nikyBanss, innexe BAIL 6omro min gac pyxis —Ha 9,28%,
3a 3amajeHHsIM — Ha 27,95%, 3a nopymeHHsIM GyHKIii —
Ha 20,62%. Y rpymi 2 iHgexe BAILI 6omnro y criokoi 3HU-
3uBcs Ha 16,87% micns mikyBaHHS, iHaekc BAILI Gosro iz

qac pyxiB — Ha 14,31%, 3a 3ananeHHsm — Ha 40,54%, 3a
nopytreHHsM GyHKITT — Ha 30,05%. Takox ycTaHOBIEHO
CTATHCTUYHO JIOCTOBIPHY DPI3HHUIO MDK A MOKa3HHKIB
ingexciB BAI o Ta micis JiKyBaHHS y JTOCTIDKYBaHUX
rpylax, Mo CBIAYUTH MPO JOUIIBHICTh 3aCTOCYBaHHS
mpenapary CHUCTEMHOI €H3UMOTepallii Y KOMIICKCHOMY
TiKyBaHHI XBopHuX Ha niepsuHHNA OA (p<0,05) (Tadm. 3).

Takok BHBYCHO AWHaMiKy Tmoka3HuKiB Ex3HII3
y mamnieHTiB 13 mepBuHHEM OA Tl BIUTHBOM KOMILICK-
CHUX TIPOTpaM JIiKyBaHHS (Ta0m. 4).

He BUSBICHO CTaTUCTHYHO JOCTOBIPHUX 3MiH
noka3HukiB Ex3HII3 y rTpymi 1 micns JikyBaHHS
(p>0,05), mpoTe HaMiTHIIACS TSHJICHIIISI IO TIOTIPIICHHS
yCiX JOCTIKYBaHUX TIOKa3HUKIB: piBeHb (hekanmbHOT
a-enmactasu 3HM3HUBCS Ha 1,98% micis nikyBaHHS MOpiB-
HSHO 13 IIMM TIOKa3HWUKOM JIO JIIKYBaHHS, ITi{BUIICHHS
OanpHOTO TOKa3HWKA Komporpamu — Ha 5,83%, min-
BHIIICHHS OaynbHOro mnokasuuka Y3JI I13 — Ha 19,66%.
VY Tpyni 2 BUSBIEHO CTATHCTUYHO JOCTOBIPHE TMOKpa-
mieHHst ycix mokasHukiB Ex3HII3 micis mikyBaHHS
(p<0,05), 10 CBIAYUTH MPO JTOULIBHICTH 3aCTOCYBAHHS

Tabnus 2

Munamika ingekcy Jlekena y nauieHTiB i3 nepsuaauM OA mijx BILIMBOM Pi3HUX JIIKYBaJbHUX NPOrpam

I'pyna nopiBHSHHS

IMoka3Huk

Kontpoas (n=30)

Tpyna 1 (JI3M) (n=32)

I'pyna 2 (JI3M+ICET) (n=30)

Jlo JikyBaHHS

Iicas nikyBaHHs

Jlo JikyBaHHS

Iicast nikyBaHHs

Innexc Jlekena, 6aan

0,09+0,01

5,48+0,25%*

4,05+0,15%#

5,50+0,23*

3,75+0,11*#&

AS(M=+m)

1.42+0,08

1,76+0,07£

[Mpumitkn: 1. * — cTaTHCTHYHO DOCTOBIpHA BiAMIHHICTB CTOCOBHO rpymH KoHTpoio (p<0,05); 2. # — cTaTHCTHYHO JOCTOBipHA
BIIMIHHICTb CTOCOBHO CBO€i rpymu micis jdikyBauHs (p<0,05); 3. & — CTaTHCTUYHO IOCTOBipHAa BiAMIHHICTH CTOCOBHO IHIIOI
rpynu micns ikyBauHs (p<0,05); 44— cTaTHCTHYHO AOCTOBIpHA BiAMIHHICTB CTOCOBHO A8 MOKa3HMKA [0 Ta ITiCIS JIKyBaHHS MiX

JocIipKyBaHIME rpynamu (p<0,05)

Tabmaums 3

Junamika ingexciBe BAIIl y nanienTis i3 nepunaum QA niJ BIVIMBOM Pi3HHX JiKyBaJbHUX NPoOrpaM

I'pyna nopiBHAHHS
TToxa3Huk = + =
Kourpon (2=30) _Tpyna 1 (1310) (n=32) Ipyna 2 (JIBTTICET) (n=30)
Mo gikyBanHs Hicas nikyBanns | Jlo nikyBanns | Iicas gdikyBanus
Tuxexe BATLL, Gimo 1,24+0,03 28,19:1,39* 25,020,75%# 28,16:137% | 23,41:0,79%#&
CITOKIi, MM
AS(M=m) 3,1740,21 4,77+0,29¢
traeke BALLL Gize pyxit |5 30,00 33,0041,21% 3020£0.84% | 3327+124% | 28,5120,78%#&
AS(Mm) 3,09+0,19 4,77+0,50£
Trnexe BALLL, 1,28+0,03 11,45+1,46* 8,2540,71%# 11,47+1,42% 6,82+0,65*#&
3al1aJICHHA, MM
AS(MEm) 3,19+0,49 4,66+0,52£
Tnpexe BAI, | 1,59+0,02 13,20+1,12% 10,550,504 13,28+1,10% 9.29+0,63*#&
TOpyIICHHS QYHKIIIT, MM
AS(M=m) 2,7340,44 4.00£0.41£

Ipumitkn: 1. * — cTaTHCTHYHO DOCTOBIpHA BIAMIHHICTB CTOCOBHO rpymu KoHTpoio (p<0,05); 2. # — cTaTHCTHYHO JOCTOBipHA
BIIMIHHICTb CTOCOBHO CBO€i rpymu michs jdikyBanHs (p<0,05); 3. & — cTaTHCTUYHO IOCTOBipHAa BiAMIHHICTH CTOCOBHO IHIIO}
rpynu micns JikyBanHst (p<0,05); 4. — cTaTUCTHYHO JOCTOBIpHA BiAMIHHICTH CTOCOBHO A MOKAa3HHKA 10 Ta IMNCHs JiKyBaHHS MiX

JocipKyBaHIME rpynamu (p<0,05)
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IpenapariB CUCTEMHOT eH3UMOTeparii y KOMIUICKCHOMY
JIKyBaHHI Mari€HTiB i3 nepBUHHIM OA: piBeHb (peKab-
HO a-emacTasu miaBuIMBCes Ha 5,70% micis JTiKyBaHHS
MOPIBHSHO 13 IIMM TIOKA3HUKOM JIO JIIKYBaHHS, CIIOCTe-
pirasocs CTaTUCTUYHO JTOCTOBIpHE 3HIDKCHHS OaIbHOTO
MOKa3HUKa Korporpamu — Ha 47,06% Ta 3HIKEeHHS Oalib-
Horo nokazHuka Y3/ 13 — na 35,59%. Ilpote BcTaHOB-
JICHO CTaTUCTUYHO JOCTOBIPHY Pi3HUINIO Mk AJ TOKa3-
nukiB Ex3HII3 1o Ta micist nikyBaHHS y JOCTIKYBaHUX
rpymnax (p<0,05), mo CBiTIUTH PO AOMIJIBHICT 3aCTO-
CYBaHHS TIperapaTy CUCTEMHOI eH3UMOTEpaIlii y KOMII-
JICKCHOMY JTIKyBaHHS XBOpPHUX Ha nepBUHHNUN OA.
Takok BUBUCHO AWHAMIKY TOKa3HHKIB IIKaJ OIH-
tyBaigpHUKa GSRS y martienTiB i3 nepBuaHuM OA mif
BIJTMBOM KOMIUICKCHUX JIIKyBaJILHUX MporpaM (Tadim. 5).
VY rpymi 1 He BUSBICHO CTaTUCTHYHO JIOCTOBIPHUX
3MiH MICJIS JIIKyBaHHS MOPIBHSHO 13 IIMMH ITOKa3HUKaMH
no uikyBaHHs (p>0,05), mpore cmoctepiranacsi TeH-

JICHITIs IO IMiIBUIIICHHS MOKAa3HHKIB yCiX IIKaJ OMUTY-
BajbHUKa GSRS: nmokasHuk mxkanu AP miaBummmscs Ha
8,75%, IS — na 3,13%, DS — Ha 3,70%, CS — Ha 4,32%,
RS —na 5,12%, cymapno — Ha 6,91%.

VY rpyni 2 BUSBICHO CTaTHCTUYHO JIOCTOBIpPHE 3HU-
JKEHHsI TTOKa3HMKIB yCiX ImKan omuTyBambHHKa GSRS
micist JikyBaHHs (p<0,05), 110 CBIAYUTH MPO JOMLITh-
HICTb 3aCTOCYBAHHSI [IPENapary CUCTEMHOI CH3UMOTepa-
il y KOMIUICKCHOMY JIiIKyBaHHI MAIi€HTIB i3 TEPBUHHAM
OA: moka3uuk mkanu AP 3am3uBcs Ha 37,62%, IS — Ha
36,37%, DS — na 42,31%, CS — na 26,08%, RS — na
21,64%, cymapno — Ha 32,58%. YcTaHOBIEHO CTaTHC-
THYHO JIOCTOBIPHY PI3HUIO MK Ad MOKa3HUKIB MK
onutyBanbHUKa GSRS /10 Ta micist MKyBaHHS y DOCIHi-
JoKyBaHUX Tpymnax (p<0,05), 1m0 CBiTYUTH PO JOIiIIb-
HICTb 3aCTOCYBaHH:I IIpenapary CHCTEMHOI CH3UMOTepa-
mii y KOMIICKCHOMY JIIKYBaHHI XBOPUX Ha TICPBUHHUHA
OA (tabm. 5).

Tabnus 4
JAunamika nokazuukiB Ex3HII3 y nanienTis i3 nepsunaum OA mig BOIJMBOM Pi3HUX JiKyBaJbHHUX NPoOrpam
I'pyna nopiBHsIHHS
Toxaznuk Konrposn I'pyna 1 (JI3II) (n=32) I'pyna 2 (JIBII+IICET) (n=30)
(n=30) o jgikyBaHHS Micas aikyBanus | [lo aikyBanus | Ilicas jgikyBaHus
q’e“a“"“;gﬁ“acma’ 235,16+6,01 179,31+3,67* 175,75+2,72* 179,37+3,64* | 189,59+2,54*#&
AS(M:+m) 3,56+1,15 10,22+1,42£
Komporpama, 6amu | 0,34+0,05 2,74£0,17* | 2,90+0,09% 2,72£0,19% | 1,44+0,08*#&
AS(M=+m) 0,16+0,03 1,28+0,04£
V31 113, Gann [ 0,17+0,02 1,1740,24* | 1,40+0,09% 1,1840,22% | 0,76:£0,08*#&
AS(M+m) 0,230,05 0,4240,04£

pumitku: 1. * — cTaTUCTUYHO TOCTOBIPHA BiAMIHHICTH CTOCOBHO rpynu KoHTpousio (p<0,05); 2. # — cTaTHCTHYHO JOCTOBipHA
BIZIMIHHICTb CTOCOBHO CBO€i rpymnu rmicist JiikyBanHs (p<0,05); 3. & — cTaTHCTHYHO JIOCTOBipHA BiIMIHHICTH CTOCOBHO iHIIOT
rpynu micns jikyBanHs (p<0,05); 4.%— cTaTHCTHYHO JOCTOBIpHA BiAMIHHICTH CTOCOBHO AJ MOKa3HHKA J0 Ta IICJs JIIKYBaHHS MiX

nociipKyBaHuME rpynamu (p<0,05)

Junamika mxan onutysajibHuka GSRS y nanienris i3 neppunaum OA
i1 BILTUBOM Pi3HHX JIIKyBaJBHUX MPOrpam

Tabmunsa 5

I'pyna nopiBHsIHHS
IToxa3zuuk Korrpoas (n=30) : I'pyna 1 (JI31'[? (n=3%) l"p'yna 2 (JI31'[+H.CET) .(n=30)
Jo gikyBanust Micas aikyBanus | Jlo nikyBannsi | Ilicas gikyBaHHs

AP, Ganu 1,05+0,04 4,00+0,33* 4,35+0,20% 4,04+0,32 2,52+0,18*#&
AS(M+m) 0,35+0,13 1,52+0,15¢

IS, 6amu | 1,47+0,16 9,57£032* |  9,87+0,18* 9,54£031* | 6,07+0,14*#&
AS(M=+m) 0,29+0,09 3,470,11£

DS, Gann | 1,39+0,67 545£0,18* | 5,65+0,15* 546+0,20% | 3,15+0,10%#&
AS(M:m) 0,15+0,03 2,30+0,04£

CS, 6amu 1,21+0,29 509+023* | 531+0,12* 510£021% | 3,77+0,09%#&
AS(M:+m) 0,22+0,05 1,34+0,06£

RS, 6amu | 1,69+0,37 7,224035% | 7,59+0,17* 721£033* | 5,65+0,18%#&
AS(M+m) 0,37+0,11 1,5620,09£

Cymapso, Gami | 6,79+0,81 31,28£2,16% | 33,44+0,98* 31,31£2,14% | 21,11+1,02%4&
AS(M:+m) 2,16£0,52 10,21£1,02¢

IIpumitku: 1. * — CTaTUCTHYHO TOCTOBIpHA BIAMIHHICTH CTOCOBHO rpynu KoHTpoto (p<0,05); 2. # — cTaTHCTHYHO JTOCTOBipHA
BIJIMIHHICTb CTOCOBHO CBO€i rpymu micist yikyBaHHS (p<0,05); 3. & — CTaTHCTHYHO IOCTOBIpHA BIIMIHHICT CTOCOBHO iHIIOT
rpynu micis nikyBauus (p<0,05); 4.f— cTaTHCTHYHO JOCTOBIPHA BiJIMIHHICTB CTOCOBHO A8 TMOKa3HHKA JIO Ta IMIC/s JIKyBaHHS MixK

JOCIIDKYBAaHUMH IPyHaMH (p<0’05)d>irorepaniﬂ Yaconue
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BucHoBku

3acTocyBaHHSI KOMILJIEKCHOTO JIIKYBaHHSI mali-
€HTIB 3 0CTE0APTPO30M i3 /I0NATKOBUM BKJIIOYEHHSIM
npenapary CHCTEMHOI eH3UMOTepamnii NMpu3BeJio 10
CTAaTHCTUYHO JOCTOBIPHO BaroMimoro JiKyBajb-
HOI'0 BILUTMBY HA nepedir ocreoapTpo3y 3a iHaexkcamu
WOMAUC, Jlexkena 18 BAIII (p<0,05). Tako:xk BuUSIB-
JIeHO TO3UTHBHY [HHAMIKY TracTpPOeHTepoJIOriYHol

CHMOTOMATHKH 32 TMOKAa3HHKAMH (peKaabHOi o-e-
JIacTa3H, 0aJbHOTO NMOKA3HHKA KOMPOrpamMu, cymap-
HOTOo 6asbHOro napamerpa Y3/I miauuiyHKkoBoi 32710341,
mkaja onuryBajbHuka GSRS (p<0,05), mo cBiquuTh
MPOo AOULILHICTH 32CTOCYBAHHS Npenapary cHCTeMHOI
eH3uMoTepanii y KOMILUIEKCHOMY JIiKyBaHHi XBOPHX Ha
TMEePBUHHUI 0CTE0apTPo3 i3 HASBHOK 30BHIllIHbOCE-
KPETOPHOI0 HEIOCTATHICTIO MiIIIJIYHKOBOI 32J103M1.
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I'PEJITH - HEUPOT'YMOPAJIbHUM PETYJISITOP ®1310JJOTTYHUX MTPOIIECIB B OPTAHI3MI
(OIJIA 4 IITEPATYPHN)

Axmyansnicms. I penin, winynkosuil nenmuoHull 20pMoH, NPUSEPHYE Y8azy GUeHUX AK YHIKATbHA cucmema 3 bazamogynkyionans-
HUM 6nIUBOM Ha (izionociuni npoyecu 6 opeawizmi. [lowupenicms 4020 20pMOHY ma 1020 peyenmopie y pisHux opeanax i CUCmemax
CBIOUUMb NPO 11020 BAJICIUBY POTb Y 20MEOCMA3L OP2AHIZMY, 30IUCHIONYU HEUPOSYMOPATbHUL KOHMPOLb (I3I0N02TUHUX (YHKYILL

Mema O0ocnioncenna — guCgimients ma ananiz Cy4acHux 3Hanb i KI0408ux ioell y GUGUeHHi epeniny ma posKpumms OCHOBHUX
MeHOeHYitl NOOATLULUX 00CTIONCEHD.

Mamepian i memoou. [Ipogedero HAYKO8UL NOWYK Y CYUACHUX Odcepenax iHgopmayii 3 6UKOPUCTIAHHAM Memooie aHanizy ma
y3a2anvHenHs OMPUMAHUX OaHUX.

Pezynomamu oocnidscenns. [ penin — 0CHOBHUL YUACHUK HEWOOABHO BIOKPUMO20 MEXAHIZMY pe2ysayii anemumy ma xapioeoi noge-
OIHKU, KOHMPOTIOE GIOUYMMIsAL 207100y, MACY MINd, eHEPLeMUUHUL 20Me0Cma3 3a805KU GUBLIbHEHHIO OPEeKCUUHUX Nenmudie ma Heupo-
mediamopis. [penin mae we 6azamo iHWUX BAHCIUBUX PONEU, MAKUX AK: CIMUMYIAYIA BUBITLHEHHS 20DMOHY POCMY,; HeUpOeHOOKPUHHA
peaynayisn enepeemuiHoeo O6anancy; Memaoonizmy 2noKo3u, pecyiioeanHs cepyeso-cyOUHHOI OisIbHOCII;, MOOYIAYIs cmpecy, Mpusou,
KOSHIMUGHUX (yHKyitl, (Di3iono2ii cHy, 3ananbHux npoyecis, HeONIACMUYHUX CMANIE. 3pocmarode 6UHAHHS HEUPOMPONHUX edhekmie 2op-
MOHY C8IOUUMb, WO SPeiH € KIOUOGUM YUHHUKOM Y CHPUSHHI HelipoeeHe3y 2inokamny, 30i06HoCmsaM 00 HA8UAHHS ma QYHKYIL nam 'simi.
Ipenin gidiepac saxciugy ponv y npomucmosHui Cmpecositi Nogedinyi, eMoyiam cmpaxy, mpugoau, oenpecii ti 600Houac moodkce Oymu
EHOOKPUHHUM YUHHUKOM ONCUPIHHS, CHPUYUHEHO20 CIpecoM. IcHyIomb nOOOUHOKI cynepeunusi HecucmemMamusoe8ani Oani 6naugy epei-
HOGoI cucmemu na npoyecu Kanyepoeenesy. Ilompedyloms noenubneno2o suuents Mexamizmu, sKi pe2ynioioms cunmes i cekpeyiio epe-
JUHY, POl Heayunb08aH020 2peniny 6 pe2yiayii 2oMeocmasy, poib cpeniny npu pisHux 3axeopiosannsx. Iloxazana mooicrugicmes 3acmocy-
6aHHsL 2PeTiny sIK Oiomapkepa cmpecy, cepyeoi OucGyHKyii, cneyudiunoco mapkepa iHCyIIHOPe3UCMeHMHOCME npu IHGapkmi Miokapoa.

Bucnosok. @apmaronoziunuii KOHmMpoas cueHanizayii epeninosoi 8ici € bazamonepcnekmueHuM cnocoobom supiuienHs npoonem 3i
300p08 M i MOdHCe OYymuU 6apianmom 01 NAYiEHMi6 3a Pi3HUX NAMONOTUHUX CINAHIE.

Knruosi cnosa: epenin, xapuosa nosedinka, HeupOeHOOKPUHHA pe2yayis.
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GHRELIN - ANEUROHUMORAL REGULATOR OF PHYSIOLOGICAL PROCESSES
IN THE BODY (LITERATURE REVIEW)

Actuality. Ghrelin is a stomach-generated peptide hormone that attracts intense attention due to its unique importance and
multifunctional effects on the physiological activity of the human organism. Since this hormone and its receptors are found in many
organs and systems, it is important in maintaining the organism's homeostasis and providing neurohumoral control over some
physiological functions.

The aim of the study. In this survey, we discuss and analyze the modern information and key ideas in the research of ghrelin and
outline the main trends in further investigations in this field.

Material and methods. A scientific search was conducted in modern sources of information using methods of analysis and
generalization of the obtained data

Research results. Ghrelin is a leading factor behind the newly discovered mechanism regulating appetite and eating behavior. It
also controls the feeling of hunger, body weight and promotes energy homeostasis in the human body by releasing orexigenic peptides
and neuromediators. Besides, ghrelin also takes part in other important processes such as stimulation of a growth hormone release,
neuroendocrine control of the body's energy balance and the metabolism of glucose, modulation of stress, anxiety, cognitive activity, the
physiology of sleeping, and countering the inflammation processes. The growing understanding of the neurotropic activity of the hormone
proves that ghrelin is a key factor in facilitating the synthesis of the hippocampus and in the regulation of learning ability and memory
functions. It is important for resistance to stress and fear, relieving anxiety and depression. On the other hand, it can act as an endocrine
promoter of stress-caused obesity. Ghrelin also regulates and normalizes cardiovascular activity. There are some rare and contradictory
reports of ghrelin-stimulated carcinogenesis. Further research is required to clarify the mechanism of synthesis and secretion of ghrelin,
the effect of non-acylated ghrelin in homeostasis control, and the possible involvement of ghrelin in developing some diseases. It has been
shown that ghrelin can act as a biomarker of stress, heart dysfunction, a specific marker of insulin resistance, and metabolic syndrome.

Conclusion. The pharmaceutical control of the ghrelin axis is a promising way to resolve health problems, which can be applied
to patients in various pathological states.

Key words: ghrelin, eating behavior, neurohumoral regulator.
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Beryn. AktyansHicTh. B octanHi poku omHHM i3
MOTEHI[IHHUX OloMapKepiB i HEHPOryMOpaJIbHUX pery-
NATOpiB (Di310JIOTIUHUX MPOLECiB B OpraHi3Mi BBaXka-
totb rpenid (Elizabeth A. et al., 2020; Bouillon-Minois
J. B et al., 2021; Zaichenko A.V. et al., 2020). Ilommu-
PEHICTh IBOTO TMENTHUAY 1 HOro penenTopiB y Pi3HUX
TKaHWHAX Ta OpraHax TBapHH 1 JIIONEH CBIAYUTH TPO
Ba)KJIMBY HOTO POJIb y MIATPUMIII TOMEOCTa3y OpraHizMy
(Alina Sovetkina, et al., 2020; Jianfeng Sun et al., 2023).

['penin He nmmIe cCIpHs€e BHUBIIBHEHHIO TOPMOHY
pOCTY 3 KIITHH TOPMOHY pocTy rimodiza (Andrzej
Lewinski et al., 2021), a i € HEOOXiTHUM yYACHHUKOM
HEI[OIaBHO BIIKPUTOTO MEXaHI3My PETYIIOBAHHS arie-
TUTy Ta CHEPreTUYHOro OaNaHCy 3aBISIKH CTUMYJISIIL
BUBIJIbHEHHSI OPEKCUYHUX MENTHUIIB Ta HEHpoOMeIiaTo-
piB. OCHOBHHMH YHHHUKAMU €JHHOI PETYISATOPHOI CHC-
TEeMH, BIJMOBIJaIbHOI 3a MpoBeAeHHs iH(popMaii mpo
CHEepPreTHYHUI OaaHCc OpraHi3My A0 HEHTPaJIbHOI Hep-
BOBOI CUCTEMH, yBaXatoTh rpediH i ientuH (Pilar Marcos
& Rafael Coverias, 2022, 4026-4049; Lucas B. Comeras
et al., 2019; Milan Obradovic et al., 2021). Hepsosa
MPOBIHICTD TPENIHY Y PI3HUX AUITHKAX TiroTajiamyca
BIUIMBA€ HA AlETHUT, OMOCEPEIKOBAHO HA CIIOYKUBAHHS
ki, Oepe ydyacTh y MeTaOOJMIYHUX MpoIecax B OpraHi3mi
Ta peryssinii iX HOpyIIeHb 3a pi3HUX MATONOTIYHUX CTa-
HiB. ['peiH K MeNTHIHWHA TOPMOH MO3KY Ta KHIIEY-
HUKY BIiJlirpae BaxJMBY OaraTo()yHKIIOHAJIbHY pOJIb
y peryiaroBaHHI MeTaboJIIYHOro OayaHCy MpU po3iagax
TPaBHOI CHUCTEMH, OXHPiHHI, aHOPEKCil, KOTHITUBHHUX
MOPYIICHHSX, CTpeci, Aenpecii, TPUBOXKHINA MOBEIHIII,
3amajicHHi, CEepIICBO-CYIUHHUX 3aXBOPIOBAHHSIX TOIIO
(Urbanovych A.M. & Laniush F. V., 2020, 145-151;
Jing Tian al., 2023; Hiroshi Hosoda, 2022; Lauren
A Stone & Elia S Harmatz, 2020, 531-540; Youngjung
R Kim al., 2023).

Xouya rpelniH yce me 3HAXOAWTHhCS Ha PaHHIX CTa-
JisIX po3poOneHHs, y Wil rajgy3i HaAKOMMYCHO 3HAYHY
KIJIBKICT aKaJeMIYHMX JOCIKEHD, METa-aHalli3iB, Kl
CBi4aTh Mpo 6araToBUMipHHUI HOTO BIUIMB Ha OPTaHi3M,
SIKUI TICHO TIOB'SI3aHUH 3 THINUMHU HEHPOTyMOPaJIbHUMHU
YMHHUKAMHU. YUeHi 1 J0oTenep MpOAOBXKYIOTH 3°SICOBY-
BaTH, K caMe MPAIfO€e [l TOPMOH.

KommnexcHuit oris BimoBiAHOT JIiTepaTypu OCTaH-
HIX POKIB € 0COOJHMBO KOPHUCHHUM JUISl y3arajbHCHHSI
KJTIOYOBUX ifIed JOCHIPKEHb Ta PO3KPHUTTSI OCHOBHHUX
TEHJICHIIH Y TOAANbIIIOMY BHUBUCHHI rpeniHy. HasBha
miTeparypa OO0 JIFOJCHKOTO JOCBiNYy 3aCTOCYBaHHS
IpejiHy Ta HOro aroHIiCTiB CBITYUTH MPO KOPOTKOCTPO-
KOBY O€3IeKy BBEICHHS TPEJIiHy B OpraHi3M, Horo edek-
THUBHICTh y PI3HMX rpynax namieHTiB (Matsumoto, N.
et al., 2015, 239-247; Seung Wook Hong et al., 2020).
3pocTaroya KiJIbKICTh JAO0CHIKEHb, SKi BCTAHOBIIOKOTh

LY.
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TICHUI B3a€MO3B’SI30K MiXK TPEJIIHOM 1 pi3HUMH po3Jia-
JlaMH B Oprasi3mi, ybadae IpeliHepridyHy CHCTEMY SK
MOTEHIIHY MIIIIEeHb AJIs1 PO3POOICHHS HOBUX €(DEKTHB-
HUX 1 0e3MeyHrX (papMaKoOTpareBTUUHUX 3aCO0IB.

Merta J10cailzKeHHsI — MPOaHATI3yBaTH Ta y3aralb-
HUTHU JaHi JITepaTypu IIOI0 PEe3yNbTaTiB eKCIePHMEH-
TaJIbHUX JOCTIHKEHb Ta KIIHIYHUX BUIPOOYBaHb Ipe-
JIHY SIK HEHPOryMOPaIbHOTO PEryasTopa (i3ioaoriaHux
MPOIIECIB B OpraHi3Mi.

Marepiaau Ta MeToau aociigxenns. [IposeneHo
HAyKOBHH TIOINYK y CydYacHUX mKepenax iH(opmanii
3 BUKOPUCTAHHSIM METOIIB aHANi3y Ta y3araJlbHCHHS
OTPUMaHUX JAHUX.

Pe3ysnbTraTn JgociigaxeHHsi Ta iX 0OroBOpeHHs.
Y 1999 p. B HarmioHanbHOMY IIEHTPi CEpIIEBO-CY-
JUHHHUX JochipkeHb (M. Ocaka) sSImOHCBKI BYEHI i
KepiBHUNTBOM Masayasu Kojima mig wac mHomyky
cyOcTaHIii, sKka 0 B OpraHi3mi MOCHJIIOBAa CEKPEIio
TOPMOHY POCTY, BiAKPHJIM TpENiH i3 KIITHH IUTyHKa
IIypiB 3aBISKHA CTUMYJIIOBAHHIO BHBUIBHEHHS TOPMOHY
pocty (Kojima, M. et al. 1999, 656-660). I'penin — 1e
OaraToyHKIIOHATLHUA TENTH, KA CKIAIa€ThCS 3
28 amiHOKHCI0T. HOBY CITOTyKy SITOHCHKI BUCHI HAa3BaIN
rpeninoM (ghrelin y mepeknaai — «TOH, IO 3pOCTaey,
KopiHb ghre Ha MOBI XiHJ1 03Ha4Yae «picT»). OCHOBHUM
JUKEPEIIOM IUPKYITIOI0YOTO TPENTiHy B OpraHi3Mi € IIITy-
HOK. Y JIFOIMHHU BiH CUHTE3Y€ThCA 1 CeKpeTyeThest P/ —
napieTalbHUMH KJIITHHAMH CJIM30BOT OOOJIOHKH (yH-
JATBHOTO BIJUITy HUTyHKA. Xo4ya Il KIITHHH Xapak-
TEPU3YIOThCS SIK X/A-moniOHI KJIITHHH, IMYHOTICTO-
JIOTIYHMI aHaJi3 BUSBHUB CHIIbHY EKCIPECiI0 KiTbKOX
CEKPETOBaHMX O1JIKIB 1 TOPMOHIB Yy KIITHHAX, IO BUPO-
OJNSIFOTH TPENiH, TAKUX K HecdaTHH-1, cCOMAaTOCTaTHH
i mankpeactatuH (Ichiro Sakata & Shota Takemi, 2021,
238-242). I'penin BUABNEHO B yCiX BiJAiTax TPaBHOTO
KaHally, MO3Ky Ta IMepu(epuuHuX opraHax. Y KpoBi
TpeIiH TPEJCTABICHUI J[BOMa MUPKYIIOIOUNMHU (Hop-
Mamu: HeamwiiboBaHuih (UAG) ta aumnboBanuil (AG)
(Gianluca Gortan Cappellari & Rocco Barazzoni, 2019,
997-1013). dizionoriuno akTuBHIIIMM € AG, KW cTa-
HOBUTH 10% BiA 3arajJbHOTO PIiBHS TPETiHY B IIa3Mi
KpOBi. 3aBIIKH HOMY CIIOCTEPIrar0OThCs OCHOBHI €HJIO-
KPHHHI e()eKTH: CTUMYIIAIIS CEKpeLii COMaTOTPOITHOTO
TOPMOHY, 1HIYKIIisl MPUHOMY K1 Ta peryItOBaHHS CHEp-
rernyHoro romeocrasy (Gianluca Gortan Cappellari &
Rocco Barazzoni, 2019, 997-1013). depmeHTOM, KM
katanizye UAG 1o AG, € rpenin-o-anetuntpancdepasa,
i €0 K0T BiIOYBAEThCS MOCTTPAHCIAIIIHE allHITIO-
BaHHs (Martina Sassi et al., 2022, p. 765; Tasha R Davis
et al., 2021). Oanak HeBigomo, un UAG € monepeaHu-
KOM, 4M TIpopykToM posmaxy AG i Giomorigna ioro
POJIb III¢ HE IIJIKOM BH3HAUCHA, OCKIIbKU CHeU(DIaHIHA
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penenrtop 1o UAG notpebye inentudikaii. € gaHi, 1mo
UAG He BIUTUBa€ Ha TOPMOH POCTY, HE MA€ OPOKCUTECH-
HOrO edexTy, Oepe Oe3MmocepeIHI0 y4acTh Y MOIYIIAIT
EHEPreTHYHOTO0 MEeTaboNi3My CKEJIETHUX M’SI3iB, Mij-
TPUMYIOUN CHEPIeTUUHUH CTaTyC Ta TKAHWHHUI aHabo-
mi3m (Gianluca Gortan Cappellari & Rocco Barazzoni,
2019, 997-1013). Peanizarnisi ocHOBHUX e(eKTiB Tpe-
JHY 3MIACHIOETHCS Yepe3 PELENTOPH TOPMOHY POCTY
cekperarora (GHSR — growth hormone secretagogue
receptor), siki € THHOBUMHU G-0iJIKaM¥ 1 IPUCYTHI B Opra-
Hi3Mi B 1BoX (opmax: GHS-R1a i GHS-RI1B. Excrpe-
cytorbcsi GHS-R1o nepeBakHO HeWpoHaMH B JIyroro-
niOHOMY 1 BEHTpPOMENialbHOMY Spax TirmoTanamyca.
3aBaAKHA M TPeliH CTUMYIIOE TPOIAYKII0 TimogizoM
COMaTOTPOITHOTO FOPMOHY, MPOJAKTHHY, aJpPEHOKOPTH-
KOTPOIIiHY, @ TAKOK KOPTH30Ty HATHUPHUKAMH. IX CTH-
myisiiis AG MOCHITIOE aHAa0OMiuHI TPOIECH, PETYIIOE
3pOCTaHHSA 1 PO3BUTOK, MIATPHMY€E TOMeOocTa3. Xoda
ocHOBHUM perienitopom rpeiny € GHS-R1a (Joshua D
Gross et al., 2023, 106—118), Oynu 3HaHACHI 1 1HIII THITA
penenTopis, siki 3aaTHI B3aemoniatu 3 AG ta UAG.

[lin wac posmisay JAaHAX TPO  (PYHKIIOHATBHI
XapaKTePUCTHKHU TpelliHy OCOONMBO CIiJ BiJ3HAYUTH
J0303aJIC)KHE CIPHSIHHS BUBUIBHEHHIO TOPMOHY POCTY
3 KJITHH TOPMOHY POCTY Tinoisy, Xxoda CTHMYITIOBATH
CHUHTE3 TOPMOHY pOCTy TpelliH He 3natHuid (Jianfeng
Sun et al., 2023). I'penin Bigirpae neBHy poib y CIpH-
SIHHI pPOCTY ¥ PO3BUTKY KICTOK 1 MOKE OyTH OJHHM i3
YMHHUKIB, SKi BIUINBAIOTh HA JAETCHEPaTHUBHI MaToJorii
onopHo-pyxoBoro amapary (Jianfeng Sun et al., 2023).
B Vkpaini Buepiie BU3HAYEHO PONb TPENiHy B MaTore-
HE31 HU3BKOPOCIIOCTI Y JITEH 1 MiUTITKIB TpH AUCHYHK-
uii rimoranamyca (Tronko MD & Karachentsev Yul.,
2018, 14-25). 3’scoBano, 110 JUCYHKIS TimoTaa-
Myca y JiTell CynpOBOIKY€ThCS HU3BKHUM PiBHEM Ipe-
JIIHY B IUIa3Mi KPOBI Ta OXHUPIHHAM. [Ipo MOXITUBHIA
BHECOK T'peJIiHy B MaTtoreHes3 AedinuTy rTopMoHy poCTy
y JiTed Ta JOPOCIHX MPUITYCKAIOTh W THII TOCIITHHKH
(Andrzej Lewinski etal., 2021).

['penin — OOMH 3 OCHOBHHX PETYJSTOPIB alETUTY
Ta XapuoBOi TOBEIIHKM, SIKHH KOHTPOIIOE BIAUYTTS
TOIIOAY, Macy TiJia Ta EHePreTHIHUI roMeocTas. Bizomo,
o B opradisMi (yHKIIOHYIOTH JBi OCHOBHI TpyIH
YUHHHKIB, 110 PETyJIIOITh aneTut (oreksis): opekcu-
TeHHI — 30UIBIIYIOTH AleTHUT 1 CTIOKUBAHHS XK1 Ta aHo-
PEKCUIeHHI, SIKi, HABMAKH, arleTUT 1 CIIOKWUBaHHS 1Ki
3MeHIIyTh. ChOTOJIHI 3arajbHOBH3HAHO, [0 XapuoBa
MOBEIHKA KOHTPOIIOETHCS TIMOTaIaMyCOM 1 CTPYKTY-
paMM KOpM BEJIMKHX MiBKYJIb TOJOBHOTO MO3KY, TICHO
MOB’SI3aHMMHU 3 HUM. [imoTamamyc OTpUMYyE CHTHAIH
BiJ IITyHKa, 12-manmoi KUmKK (Tpo iX HATIOBHEHHS),
peecTpye KOHIICHTPAIII0 aMiHOKHCIIOT, TTFOKO3H, JKHUP-
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HUX KHCIIOT, SIKi HaAXOMAATh i3 KPOB'I0, a Tak 3BaHi
rinoTajaMiyHi IEHTPHU TOJOAY (apKyaTHe, BEHTPOME/Ii-
anbHE s7pa) Ta HACHUCHHS (MTApaBEHTPUKYISIPHE SIIPO)
MICTSITh BIJIIOBIIHI PELENTOPU JJIsl HEHpOMeIiaTopiB
1 TOPMOHIB, SIKi CTUMYIIOIOTh 200 MPUTHIYYIOTH Xap-
YOBY MOBEIHKY Ta BINIIPAlOTh BIJIOMY LEHTPAILHY
pOJIb y KOHTPOJI aleTUTy Ta SHepPreTHYHOro OajaHcy
(Lucas B Comeras et al., 2019, 59—80).

CrumynoBalibHa afeTHTy pPOJib TPETiHy peantidy-
€THCS 3aBISKM aKTUBAIii HAWBAKIMBIIIOTO OPEKCHUTEH-
Horo Hewvponentuay Y (NPY)/aryri-3B’si3aHoro Oinka,
IO eKCIIPECYEThCsl HEMPOHAMHU apKyaTHOTO SiIpa Tillo-
Taramyca — ajib(a-MeIaHOIUTCTUMYIIOBAILHOTO TOp-
MOHY, SIKUi KOHKYPEHTHO 3B’SI3YETHCS 3 MEIaHOKOPTH-
HOBUMH PELENTOpaMu 4-T0 THITy Ta CTUMYJIIOE alleTHT
(Pilar Marcos & Rafael Covenas, 2022, 4026—4049).
Opekcu4Ha Jiisi TPENliHy OMOCEPENKOBYEThCS MEBHOIO
MEpEeKEI0 EHTPATBHUX HEHPOHIB METAHOKOPTHHOBOTO
IUIIXy B TimoTanamyci i He 3aJeXHTh BiJ HOro poui
y BUBLIBHEHHI TOPMOHY POCTY.

EnnorenHi aHOpeKCUreHHI YMHHMKH, SIKI 3MCHIIY-
IOTh aleTUT 1 CIIOKHMBAaHHS 1XKi, MPEACTABIICHI JICTITH-
HOM Ta IHIIMMH HEHPOryMOpPaJbHUMH DPEry/sITOpamMu
anetuty. JlenTuH — 100pe BIOMUI MENTHIHUN TOPMOH,
OIWH 13 HaWOIIBII BHBUYEHHUX Ha CHOTOJHI aIUITOIM-
TapHUX IUTOKIHIB, SIKHHA CEKPETYETHCS B QJUIOIUTAX
615101 %MpOBOi TKAaHUHU. JISNTHH PEryJIOe CIOKUBAHHS
K1, penpoyKTUBHY (DYHKIIIIO, BiIIFPA€E BAXKIJIUBY POJIb
B aHTIOTeHe31, O3l Ta perynaiii MacH Tija 3a J0To-
MOTOI0 MEXaHi3My HETaTUBHOTO 3BOPOTHOTO 3B’SI3KY
MDK JKHPOBOIO TKAaHMHOIO Ta TimoTtamamycom. Jlocii-
JOKEHHS, TIPOBENICHI Ha TBAPUHAX 1 JIFOMISX, CBITYaTh PO
MOXXJIMBY KOPHUCHICTB JICITHHY B JIIKyBaHHI OXHPiHHS
(Milan Obradovic et al., 2021).

AHOpEKCUTCHHIN Aii CHpHUsie TaKOXK aKTHUBAIis HEH-
POHIB TIPOOITIOMEIaHOKOPTUHY Yy TapaBeHTPHUKYIISP-
HOMY SJIpi TiloTasaMmyca siK MOCepeTHNKa MeJIaHOIUT-
CTHUMYITIOBaJILHOTO TOPMOHY, OCHOBHOO (hi310JIOTTYHOIO
pomro sikoro € 3HIKeHHs anetuTy (Urbanovych A. M.
& Laniush F. V., 2020, 145-151). AHTtaroHictom rpe-
JiHY, €HJOTeHHUM JIraHJIOM pelenTopa CTUMYISATOpa
cekpenii ropmony pocty (GHSR), e aHTUMiKpoOHMIA
nentux LEAP2, mo npoaykyeThes y JIIOMUHH TTEYiHKOIO
(Mani B. K. et al., 2019; Fittipaldi A.S. et al., 2020,
165-75). ¥V 2018 p. ynepme BuzHadeHo, mo LEAP2
€ crnenu(}iYHUM aHTAroHICTOM peLenTopa TIpesiHy
GHSR 1 65okye Bci epextu rpemniny, BKIIOYA0UN i Bif-
Gy TTS TOJIOMY.

CropigHeHMM 10 TpeliHy € Oinok oOecTaruH,
OCKIJIbKM OOM/IBA TOPMOHHU KOIYFOTBCS OIHHM 1 THM
’Ke TeHOM — TIpenporpeninom. I'perin i obectarud cro-
YaTKy CIPUAMAINCS SIK aHTarOHICTUYHI, OHAK OCTaHHI
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JOCITI/DKEHHSI 1€ CTBEP/DKEHHS CTaBJIATH IMiJI CYMHIB,
OCKIJTBKH B OTHHUX CHCTEMaX BOHU MalOTh MPOTHIICKHI
edexTy, B IHIMX — (QYyHKIIOHYIOTH cuHepriuHo. Ilpu-
MyCKAIOTh, IO MPUTHIYEHHS amleTUTy OOeCTaTHHOM
3yMOBJICHE HOTO 3B’3yBaHHSIM i3 PELIEITOPOM TIIIOKAro-
HononioHoro nmentuay-1 (Lea Decarie-Spain & Scott E
Kanoski, 2021; Daniel Villarreal et al., 2022, 517).

BimpnricTe KITHIYHUX CIIOCTEPEKEHb CBIIYUTH TPO
BOKJIMBY POJIb TPENiHy B pEryssiuii e€HepreTHIHOro
TrOMEOCTa3y, OCKUIBKH 3aBISKH OajaHCy BUpPOOIICHHS
TOPMOHIB aleTUTy MiATPUMYETHCS CTATICTh MacH Tijia
1 3amacu eHeprii B piBHOBa3i. ['peniH i Horo perern-
top GHS-R1a € BaxauBUMH MIlICHSIMH JUIS PO3IIAIIB,
MOB’SI3aHUX 3 CHEPreTHYHMM OajaHcoM 1 MeTadoiy-
Hoto perymsmieto (Gianluca Gortan Cappellari & Rocco
Barazzoni, 2019, 997-1013).

Ha xap4oBy mOBemiHKY BIUIMBAIOTH MiJKPIILIIO-
BaJIbHI BJIACTHBOCTI MPOJYKTIB, OYIKYBaHHS 1Ki, MOTH-
BOBAHICTh, YIO100aHHs a00 BiJpa3a 10 CMaKOBHX PEUO-
BUH TOIIO. XapuoBa MOBEIiHKA, MOTHBOBAHA XapIOBOIO
BHUHATOPOJI0I0, MOIYJIIOETHCS MENTHAAMH — IPEJIIHOM Ta
mirokarononoaionum nentuaom-1 (GLP-1), ski maroTh
AQHTarOHICTHYHY JiI0 1 3apEeKOMEHAYBaN cebe SIK YnH-
HUKHU CHPUSHHS a00 3MCHIICHHS CIOKUBAHHS C€HEprii
BignosigHo (Lea Decarie-Spain & Scott E Kanoski,
2021, 977). HducbanaHc MiK TOPMOHAJbHUMH YHH-
HHUKAaMH, SIKi BIJIMOBialOTh 32 (POPMYBaHHS BiAUyTTS
aIleTUTy Ta TOJOMY, MOXKE MPU3BECTH JO PO3JTAIIB Xap-
YyBaHHS 1 PO3BUTKY OKUpiHHS. Jlo po3niaaiB xapuoBoi
MOBEMIHKNA BIHOCSTH HEPBOBY aHOPEKCiI0, HEPBOBY
OysieMiro, po3naj rnepeinanus, natogizionoris sKux yce
e HemocTatHho BUBUYeHa (Laura A Berneret al., 2019;
Youngjung R Kim et al., 2023).

PiBHI HMPKYITIOKOYOTO TPENliHy B OpraHi3Mi MaroTh
nupkazianni (10608i) KonmBanus. Moro cexpertis i koH-
LEHTpAIlis y TUIa3Mi KPOBI 3HWKYIOThCSI BJIEHb 1 KOpe-
JIIOIOTH 31 cTaHOM XapuyBaHHs. [lepiognuHo 30i7bITY-
FOYUCH, 3HAYHO 3POCTAE 332 HAOIMIKEHHS Yacy MpHHOMY
ki, mocuntoe OaxxaHHsa iCTH, IO CBiIYUTH MPO HOTO
CUTHAIIbHY CTHUMYJIOIOYY ameTuT ponb (Maria Nunez-
Salces et al., 2021). 3a mocwiIeHHS ameTUTy aKTHBY-
FOThCS  (DYHKIT OpraHiB TpPAaBJCHHS: IiIBHIYETHCS
BUJIIJICHHS IIUTYHKOBOTO COKY, MOCHUITIOETHCS MOTOPHKA
OpTraHiB TPaBHOI CUCTEMH, 30KpEeMa i JKOBIHOTO MiXypa.
Bigpaszy micns mpuifomMy 1Ki KOHIGHTpAISl TpeNliHy
B IUTa3Mi TOCTYIOBO 3HWXKYEThCs, a piBeHb LEAP 2
3pocTae BXKE TICIs MEepIIoi TOAWMHM HAJAXOIKSHHsS 1XKi
(Ge, X. et al., 2018, 461-469; Fittipaldi A.S. et. al.,
2020, 165—175), 1m0 iCTOTHO BIUIMBAE Ha MPUCKOPCHHS
criopokHeHHs 1nTyHKa (James J. et al., 2020). 3a nos-
HOTO IUTYHKa BUPOOJIEHHS I'peliHy MPaKTUIHO MPUITH-
HSETHCSI, 1 JIIOJMHA BiUyBa€ CUTICTh.

. 14
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SIK1o  rperniHy B OpraHi3Mi HaJaTo Oararo, JIIOIHUHA
HE BiIYyBa€ MOMEHTY HACHYCHHS, Y PE3yJIbTaTi 40ro
nepeinae. Jlroau, sKi CTpaXIarOTh Ha OXKHUPIHHS, 4acTO
MAarOTh IPOOJIEMH CaMe i3 UM TOPMOHOM, «CariHaApHUM
nenTuoM (Binronisii). Tak, oKUpiHHA y AiTEH Ta T ITIT-
KIB Ha TTi TUCQYHKIIIT TimoTaraMmyca CynpoBOKYEThCS
HU3BKUM piBHEM TpENiHy ¥ BHCOKHUM DPIBHEM JICHTHHY
B mia3mi kposi (Bolshova O. V. & Malinovska T. M.,
2018, 11-16). Y xBopux Ha oxupinas Ta L/l 2-ro tumy
KOHIICHTPAIIIS TPETIHY TOPIBHIHO 31 3[0POBUMHU 0COOAMHU
3HIWKCHA, 110 CBITYHUTH MPO aJanTaiilo OpraHizMy [0
YMOB MO3UTHBHOTO €HEPTETHYHOTO OalaHCy HAUTUIIKY
KaJopii, siki cnoxuBae moauHa (Urbanovych A. M. &
Laniush F.V., 2020, 145-151). Came ToMy aBTOpH BBa-
KAFOTh, IO JOCIIIKCHHSI TOPMOHAIBHO METa0OTIYHUX
PEUYOBHH, SKi OEpyTh y4acTh y CHTHAJIBHUX [IUITXaX IICH-
TPY Xap4yBaHHS y TIMOTalaMycCi, 1aJyTh 3MOTY 3HAUTH
e(heKTUBHIIII HUISTXH 711 00poTHOM 3 OkupiHHIM Ta L[J]
2-ro tumy. J{yist 3HMKEHHsI Bark Ta 3MCHIIICHHS aleTUTY
HANTONIMPEHIIIOK XIPYPridYHO MPOLEAYPOI0 CTa€e
pykaBHa pesekmis nuryHka (Thomas R McCarty et al.,
2020, 72—80). Tak, y namieHTiB yepe3 11 MicsAIiB mics
MPOBEICHOI PYKaBHOI racTPOCKTOMii 3HAYHO 3MEHIIH-
JIHCSL alleTHT, 1HISKC MAacd Tijia, 3arajbHa BTpaTa MacH
TiNa, a TAaKOXX 3HU3MBCA PiBEHb TPEIiHy B KPOBi HATIIE
K J0Ka3 aedinuTy rTopMoHy ronofy. [1pote micis npu-
oMy 11 3pOCITH PiBHI TIIFOKATOHOIOIIOHOTO eNTHIY- |
i mentuay YY. I[o6 OmiHUTH posib IUX KHIITKOBUX TOp-
MOHIB Ta iX 3B'SI30K 13 yTparoio Baru, MoTpiOHi xomar-
KOBI JIOCHIJDKEHHS.

B ocranHiii gac yce 6iblie 3’ IBISI€THCS TBEPIKECHb
Mpo Te, IO IEHTPaIbHI MEXaHI3MH, sKi BIJMOBIIAIOTH
32 KHIIKOBO-IIIYHKOBI edekTu rpeminy (TigBUIICHA
CEeKpellisi, MOTOPHKA IIUTYHKA, KUIICYHHKY, YKOBYHOTO
MiXypa), OIOCEPEAKOBAHI XOJIIHEPTIYHUM BIUTHBOM.
VY4eHi HamMararThCsl I3HATHCS OUTbIIEC MPO Mepenady
CUTHAJIB TpeliHy uepe3 ONyKarouui HEpB, OCKUIBKH
e MO)KE JIOTOMOITH PO3POOHUTH Kpamlli METOIH JIKY-
BaHHS HU3KU 3aXBOPIOBAHb, [TOB’A3aHMX i3 MOPYIICHUM
MeTabomi3MoM. JIOCTITHUKYA BUSBWIM 3JIaTHICTh Tpe-
JiHYy 3B’sI3yBaTHCS 3 OJyKalOunM HEPBOM, SKUH, cepen
IHIIIOTO, HAJCHJIA€ CUTHAU BiJ] KUIICYHUKY O MO3KY
(Elizabeth A. Davis et al., 2020). 3a BincyTHOCTI rpe-
JIHY y JIaOOPaTOPHUX IIyPiB, SKi 3HAXOAMIUCS HA BiJlb-
HOMY JIOCTYII 710 1Xi, TOpyIIMIacs Peryisiist III0KO31
B KpOBI Ta 301IbIIMINCS YaCcTOTA PUHOMIB %K1 Ta Bara.
Xoua TBapMHHU MajM OinbIne IpUoMiB ki, aje me He
BILJIMBAJIO HA 3arajbHy KiJIBKICTh CITOXKHTOT TXKI.

ArmeTHrt, sK 1 COH, Mae 0OOBY TEHICHINIO IO IHp-
KaJ{iaHHOTO (JI000BOTO) OIOpUTMY. YCTaHOBJICHO, IO
3MiHH TMPOAYKII] TpeiHy y Jrofel BinOyBalOThCs MpU
MOPYIIEHHAX CHY. HemocTaTHill COH HEraTWBHO IO3HA-
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YaeThCs Ha 3I0POB’1 JTFOMUHHM, BKITIOYAIOYN H OXKHUPIHHSL.
[ToTeHIitHMM MEeXaHi3MOM TMOTIPIICHHS 370POB’S € M-
BUIIICHE CIIOKUBAHHA €HepTii (ToOTO Tki), Konu ¢iziono-
rivHa peaxilis Ha CIIOKUBaHHS eHEeprii, 0COOIUBO BHOYI,
3MIHIOETBCS, 10 TIOB’A3aHO 3 TPYIHOIAMH B KOHTPOII
HaJ amneTUTOM. XPOHIYHI IMPKaJHI TOPYIICHHS Ta
O0OMEXEHHS CHY BIUIMBAIOTh HAa CY0 €KTHBHE MOYYTTS
TOJIOAY, AllETHTY Ta TOPMOHHU areTuTy. PesynpraTu 1ado-
paTopHUX JOCHTIJKEeHb Y 17 370pOBUX MOJIOAUX JTFOICH
npu 32-ICHHOMY CITIOCTEPEKEHHI 3 PEECTpAIli€r0 CITiB-
BiJTHOIIICHHSI «COH/HECIaHHs 1 BMICTY B KPOBI TOPMO-
HIB alleTUTy BUSIBEJIM, IO 3MiHA IOYYTTS TOJOLY MPH
[[bOMY 3HAYHO KOPEIIO€ 31 3MiHAMH Y CIiBBIJHOIICHHI
«rpemin/nentuny (Andrew W. McHill, 2022). Coeto
Yeproro, HaAMIpHA Bara ab0 O>KUPIHHSI MiABUIINYE PU3NK
pO3JIajy CHY 1 MOXKE MOTIPIIUTH HOTo KicTh. [Ipobnemu
31 CHOM y AiTed 1 MiJUTiTKiB, TIOB’s3aHI 3 OXHPIHHSIM,
HEraTMBHO BIUIMBAIOTHL HAa KOTHITHBHHM, EMOLIMHUI Ta
(13u4HUI PO3BUTOK y LiHf BiKOBii rpymi, 110 TPU3BOIUTH
JI0 MeTabOJIIYHOTO CHHJAPOMY, JiabeTy abo TimepToHii
me Ha paHHix etamax *uTTa (Ji Hyun Lee & Jahyeon
Cho, 2022, 111-116). CynepeuuBuM y peryisiii cHy
€ (YHKIIOHABHUM B3a€EMO3B’ 30K MK TPEIIHOM Ta
obectarnHoM (Daniel Villarreal et al., 2022, p. 517).
I'penin i #oro pernentop GHS-Rla 6epyTs yuacts
y peryisiii MeTabomi3My ITFOKO3H IUIIXOM SK MPSMOL
Jil Ha OCTPIBLI MiJIITYHKOBOI 3aJI03H, TaK 1 B MepH-
(hepUUYHUX TKAHWUHAX, YYTJIUBUX 110 1HCYIiHY. MicieBa
EKCTIpecisi TpeliHy B OCTPIBISAX MiANUTYHOBOI 3a103U
CBITYHTB, IO TPETIHOBA BiCh MOKE MOJYITIOBATH CEKpE-
if0 iHyNiHYy 3 B-KNITHH HiANUTyHKOBOI 3ay03u (Sarah
M Gray et al., 2019). CyuacHi HOBI 3HaHHS PO BIUIMB
¢dopM TpeniHy Ha eHepreTH4YHuil OamaHc Ta MeTado-
Ji3M, 1HIYKOBaHI e(eKTH, 30KpeMa MOAYJALIS roMme-
0CTa3y IIIIOKO3H, BiOYBAIOThCS TAKOXK 31 CTUMYIISIIIIEI0
nrokoHeorene3y medinku (Gianluca Gortan Cappellari
& Rocco Barazzoni, 2019). ®apmaxosoriuni, iMyHO-
JIOTIYHI Ta TEHETWYHi OJIOKaIu TPeNiHy B OCTPIBISAX
HiNUTYHKOBOI 3aJI03M TOMITHO 30iJBIIYIOTh TJIFOKO-
301HyKOBaHE BUBIJIBHECHHS 1HCYIIHY, MOKA3yHO4H, IO
TpelliH, OTPUMaHMH 3 OCTPIBILB, (i310J0TTYHO OOMEXKYE
BHUBUTbHEHHS 1HCYIIHY y rpusyHiB (Katsuya Dezaki &
Toshihiko Yada, 2022). ®ynk1ii rpeniny Ta o6ecTaTuHy
B P-KIITHHAX MiIILIYHKOBOI 3aJI03W B3AaEMHO JOTIOB-
HI0I0Th ofiHa ofHY (Daniel Villarreal et al., 2022, 517).
KniniuHe gociipKeHHs, npoBeeHe y namieHTiB i3 11J]
2-ro THIY, MPOAEMOHCTPYBAJIO 3HWKCHHS PIBHS Tpe-
niHy Ta migsuineHHs pisHs LEAP2 y cupoBariii Kpogi.
CniepinHomenHs rpeixin/LEAP2 TicHO noB’s3aHe 3 Tii-
KEeMIYHHM KOHTpoJieM y manieHTiB i3 11/] 2, mokasyrouu
HETaTUBHY KOPEJIAIII0 3 DIIOK03010. I'periH yBakaroTh
crnenuiuHUM ~ MapKkepoM  1HCYJIIHOPE3UCTEHTHOCTI
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y XBOpHX 3 iH(papkToM Miokapaa (Poher AL et al., 2018,
236-242).

B ocranHi pokn 3pocTae BH3HAHHS HEHPOTPOITHUX
e(ekTiB rpeniny. I3 Toro yacy, sk rpeiiH OyB BiJIKpH-
THUI1 SIK TOPMOH TOJIONY 1 CTUMYJISITOP BUBLILHEHHS TOP-
MOHY POCTY, BHSBJICHO 0araro JOAaTKOBHX pojel Horo,
30KpeMa y HaB4YaHHi, 1am’sTi, BUHATOPOAI Ta CTPEci.
VYce Ginblie 10Ka3iB CBiT4aTh MPo Te, 1110 O6arato HeWpo-
CHJIOKPHHIB, 5IKi OEpyTh y4acTbh y peryssnii romeocrasy
Ta MacH Tijia, BiAIrpaloTh CYTTEBY POJIb B OIIHI BHHA-
TOpoAM 3a 1Ky Ta B HaBYaHHI uepes i1 B3aeMO/Iiro 3 Me30-
JTiMOIYHOI JTodamMiHOBOK cucTeMor. JlodaminoBuid
BIAITyK Ha 3BHYAIHI MPOIYKTH MOMITHO TOCHIIIOE 33710-
BOJICHHSI BIJT 1K1, OCKUJIbKH 3pOCTA€ HE JIHILIE OaXKaHHS
icty, a i 11 MoTuBamis. HelipoeHIOKpHHHA AEperysiist
MOKE€ CIIPHATH a00 BUKJIMKATH CHMIITOMH PO3JIaay Xap-
4OBOT MOBEIHKHM Yepe3 BIUIMB HA CHCTEMY BUHAropo/u
(Laura A Berner et al., 2019). I'penin, 30iablIyroun
KOHIICHTpAIlil0 To(daMiHy, 3HI)KYE DPU3HUKH JICTIpecii.
YcTaHOBIIEHO TiCHHI B32€MO3B'SI30K MiXK TPEIIIHOM, Xap-
YyBaHHAM 1 TAKUMH PO3JIaJIlaMH, K JIeHpecis Ta MeTabo-
JIYHUAN CHHJPOM.

BusiBneHo mpsiMy 3ajexHiCTh 31i0HOCTEH 10 HaB-
YaHHS 1 Tam’aTi BiJl TOPMOHY TPEIiHY, PIBEHb SIKOTO
B KPOBi HAMBHIIMI YIPOTOBK JHS HA MOPOXKHIH (TONOA-
Huil) myHok (Maria Nunez-Salces et al., 2021). Icnye
B32€MO3B’SI30K MIJK XapuOBHM CTaTyCOM i aJlallTUBHOIO
poboToro Mo3Ky. HakommdeHi HayKoBi TOKa3H CBIITYaTh
Ipo Te, IO TPEJiH € PeryisiTopoM HelporeHesy Timo-
KaMITy Ta (DYHKIIIT 1aM’sITi OpOCIIol JIFOMUHH, CIIPUSIOUH
reHepanii HOBUX (PyHKIIOHAJBHUX HEHPOHIB y MO3KY.
[Topyuiennii HeHporeHe3 CyNpPOBOMKYETHCS 3HUKEH-
HSIM KOTHITUBHMX (YHKIM Ipu cTapiHHI Ta 6arathox
HelponereHepatuBaux po3nanax (Jeffrey S. Davies,
2022, 337-367). 3a 3pocTarouoro BU3HAHHS HEUPOTPOTI-
HUX e(DeKTIB IpeiHy MiAKPECTIOETHCS POJb ACpPEryJis-
il TpeniHOBO{ CHCTEMHU B CIPHUSHHI PO3BUTKY JEMEH-
ii y Jrofeil MOXWIIOro BiKy Ta XBOpoOW AuiblreriMepa
(Jing Tian et al., 2023). BexeTscst momyk cTpaTeriqyHux
MOXKIIMBOCTEH, CIPSIMOBAaHHX Ha IIepefady CHUTHAIIIB
TpeNiHy JJis TIKyBaHHS XBOpoOu Anbireiimepa. J{ocmin-
HUKaMU BCTaHOBIICHO, M0 AG CTHMyIO€ HeiporeHes
rinokamna, Toni sk UAG #oro inridye (Martina Sassi
et al., 2022, 765). Pe3ynpratu aHamiziB 3pa3KiB I1a3MH
KPOBI TMAIIEHTIB 13 XBopoOoto [lapkiHCOHA 3 JEeMEHITi€l0
BUSBHIM 3HWKeHHs criBBigHomeHHs AG/UAG mopiB-
HSHO SIK 31 370pOBHMH KOHTPOJBHUMH TPYyIaMH, TaK
i 3 KOTHITHBHO IHTaKTHHMH TAIliEHTAMH 3 XBOPOOOIO
IMapkincona. Lli maHi, oTpuMaHi B AOCHIIKCHHSAX Ha
MUIIAX 1 JIOIIX, CXIISIOTH 10 JyMKH, IO BiTHOBJICHHS
nepenadi CUTHAJIB TpelliHy MOXE CIpPUSATH aKTHUBAamii
NUTAXIB MATPUMKH QyHKIIH mam’sTi. Bimomo, mo rpe-
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JIH SIK TOPMOH TOJIOMY, SIKHM BUPOOJISETHCA B IUTYHKY
TBapHH 1 JIFOJCH, CUTHAJII3Y€ MPO Te, 1[0 BOHU TOJIO/HI,
1 JloroMarae perymoBaTH OOCAT CIIOXKHTOI DKi. YdUeHi
3 Komemxy USC Dormsife y cmiBmpami 3 Koleramu
IHIIUX KpaiH NPOBENM KOMIUIEKCHI JOCITIKCHHS Ha
abopaTOpPHUX IIypax i 3aCBiTUMIN, III0 TOPMOH TOJIOAY,
OKpIM 1HIIIOTO, BIUIMBAE IIIE i HA Te, SIK 9acTO IIATh TBa-
punu (Elizabeth A. Davis et al., 2020). Busisuiiocs, 1o
3a BIZICYTHOCTI TpeNiHy 3a BUIBHOTO JOCTYIy IO 1XKi
TBapUHM CTAJIM iCTH YaCTillle, X04a II¢ HE BIUIMHYJIO
Ha 3arajJbHUil 00CST CIOXKHUTOI TKi, OCKUIBKH IIiJ] Yac
KO)KHOTO MpHiAOMY TBapuH 3’igamu MeHmre. Cxoxe, o
nrypu noyanu 3a0yBaT MpoO Te, IO BOHH IOWHO 1MTH.
JoCImiTHAKA BBaXKalOTh, IO Y TBAPHH ITOPYIIUBCS TICB-
HUH (eMi30ANYHHUN) TUIT TIaM ST, A B IILJIOMY TaKe KOMII-
JIEKCHE 0araroleHTPOBE IOCITIHKEHHS ITiITBEPIUIO
3B'SI30K MDK KHIIIEYHUKOM 1 MO3KOM Ta 3aCBIIUMIIO, IO
TOPMOH TOJIOJY BIUTUBA€ TaKOX i HA KOTHITUBHY IIOBE-
JIHKY TBapuH, 30KpeMa Ha Mam'sTh.

[’penin KoopMHY€ MOBEIHKOBY PEAKI[iF0 OPTaHi3My
Ha CTpec 1 BIUIMBAE HA HACTPiil 1 PiBEHb CHOXMBAHHS
eHeprii opraHizmoM. Jlocimiau Ha MHIAX 3aCBiTUMIH,
[I0 XPOHIYHUH CTpPEeC MNPHU3BOAUTH MO IIiJIBUIICHHS
BMICTY TpeJIiHy B OpPTaHi3Mi 1 3MEHIIIy€ MPOSBHU Jenpecii
Ta 3aHeNoKOeHHA. OTHaK MOOIYHNM e(PEKTOM PH LEOMY
€ TIJBUILIEHE BXUBAHHS 1K1 TBAPUHAMM 1, K HACIIOK,
HemuHyde oxupinns (Mark R van Loenen et al., 2022).
Ha mii cTpecy Ta HeraTUBHUX €MOIII HaIMIpHE ITiBH-
IICHHS PiBHS IPEIliHy 301IbIIYE PU3NK XapuOBOTO 3PUBY
1 IepeinanHs.

BinnoBinanpHuii 32 BIAYYTTS TOJIOAY TPENiH TAKOXK
PETYIIOE piBEHb apEHAIIIHY SIK TOPMOHY CTPECY B KPOBI,
BIUIMBAE HA BICh CTPECY B AISTHKAX MO3KY, SIKi KOHTPO-
JFOIOTH TPHUBOTY Ta CTPEC, BUCTYIIAIOUU B POJI aHTHIIC-
npecanTty B 60potr0i 31 ctpecom (Lauren A Stone et al.,
2020, 531-540).

PesynbraTu BeNMKOT KiTbKOCTI JOCIiIPKEHh OCTAHHIX
POKIB Ta MeTa-aHaJli3iB YKa3ykTh Ha T€, 1[0 TPEJIIH MOXKe
OyTH BUKOPHUCTAHUH K OiOMapKep cTpecy y HMOCTTpaB-
MaTHYHOMY cTpecoBoMmy cunapomi (Bouillon-Minois,
J.B.etal.,2021, 784.). Xo4a peaxiiisi opraHi3My Ha CTpec
€ aJanTHBHUAM 3acOo00M MIATPUMKH (Di310J0TTIHOTO
roMeocTasy 3a yMOB MiHJIIMBOCTI HABKOJIMITHBOTO cepe-
JOBUINA, OJHAK TPHBAJE 3ay4CHHS CTPECOBHUX CHCTEM
MOX€E MPUCKOPIOBATH 3HOIICHHS OPraHi3My 1 MPHU3BO-
IUTH JIO 3aXBOPIOBAaHb. 32 XPOHIYHOTO CTPECY TOPMOH
TpeJIiH MOXKE CIPHATH MaTodi3ionorii, OCKUTBKH TpH-
BaJIMH BIUTUB TPEJiHY ITOB’SI3aHUH 13 €3aTanTHBHUMH
peakmisMH Ta TOBEAIHKOIO Yy cdepi NCUXiaTpHIHHX
3axBoproBanb (Lauren A Stone et al., 2020, 531-540).
TepaneBTuuHi 3ac00M Ha OCHOBI IPEIiHy MOXYTh CTaTH
OCHOBOIO IIJIsl CTPATeETii JIIKyBaHHs 3aXBOPIOBAHb, IIOB’ -

=
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3aHUX 13 XPOHIYHUM CTPECOM 1 MOXKITBUM MTOPYIICHHIM
Peryasiii rpesiny.

Y KOHTEKCTi BUBUCHHSI CUCTEMHHX €(EKTiB TpeIiHy
y TBapuH 1 Jozed cepueBo-cyauaHa cuctema (CCC)
€ HaJA3BHUAMHO BAXXJIMBOIO JIAHKOIO TOMEOCTAa3y opra-
Hi3My. [Tonepenni gocmimkenHs 3acBiqunin, mo MPHK
rpeniny, GHSR 1a MicTAThCS K y TIIAJKOM S30BUX KJTi-
THHAX CYJUH, TaK 1 y Kap{iIOMiOIIMTaX, 110 CBITYHUTH PO
Horo Ge3nocepenHio y4acTh y (pyHKI[IOHYBaHHI Kapjiio-
MIOIIMTIB Ta €HAOTETIaIbHUX KIiTHH (Zaichenko A. V.,
et al., 2020, 39—44). V ekcriepuMeHTax Ha IIypax ycTa-
HOBJICHO BJIACTUBICTB I'PEIIiHY TraJIbMyBaTH aIloNTo3 Kap-
JIIOMIOIIMTIB, IO CHPHUSE HOTO KapAiOoMpOTEKTOPHOMY
BIUIMBY Ta 3HIDKCHHIO O3HAK imemii Miokapia 3aBIsKd
aKTHBAIlil AHTHOKCUAAHTHOI (pepMEeHTHOI aKTHBHOCTI
Ta cuin ckopodyeHb Miokapaa (Eid, R.A. et al., 2019,
93-103). CepreBo-cyAnHHHN 3aXUCHUI €(EKT TperiHy
MOke OyTH TMOB'SI3aHUI 13 NPOTH3AaNANBLHUMH, AHTH-
aroNTO3HUMH BIACTHBOCTSMH TOPMOHY 3a paxyHOK
3MEHIIICHHS CEKpellii 3amarbHUX [IUTOKIHIB, BKIFOYA0uN
iHeprnelikin-6, inTepneiikin-1 Ta gakrop Hekpo3y myx-
TUHU-0. [perin mocnaboe CyTnHAY HETepMETHIHICTh,
BITHOBIIIOE IepeOpasibHy MIKPOCYAHHHY IiNICHICTH
(Yunxiao Ma et al., 2022), 3HMKY€E TPOSBH JUCHYHK-
1ii eHJI0TEIiI0 Y XBOPUX 13 METAOOIIYHUM CHHIPOMOM,
CHpUsie CyAWHHIH aKTUBHOCTI Ta aHTIOT€HE3y ILITIXOM
301IbIIEHHST 010JI0CTYITHOCTI OKCHJTY a30TYy.

YCcTaHOBIEHO Ba3OMIATYIOUMH €(QEeKT TIpeliHy
1 HOTO y4acTh y PEryisilii CHCTEMHOI TeMOMHAMIKH Ta
aprepianbHOro THCKY (AT). Ockinbku y CCC BusBICHA
eKCTIpecis Pi3HMX MiATHIIB PELENTOpiB TpeiHy Ta iX
HEOIHOPITHICTh, [Ie MOXE MOSCHUTH CYNEepEUIUBICTH
OTPUMAHMX JaHUX JOCITITHUKAMH I0J0 BIUIUBY Ipe-
JIHY Ha KPOBOOOIr. Y MHUIIIEH i3 TiNepTeH31E, BUKIIH-
KaHOIO aHrioTeH3uHoM lI, rpenin 3am3uB AT, mokpamus
(GYHKIIIFO €HIO0TENII0, 3aXUCTHB BiJl TIEPTEH3I IIITXOM
NPUTHIYEHHS] OKHCHIOBAJILHOTO CTpPECy Ta 3a PaxyHOK
301JIbIIIEHHS] BUPOOHMIITBA OKCH Y a30Ty (Juan Deng et
al., 2023). [opMOH TakoX 3aXHILAE BiJ CEPIEBO-CYIUH-
HUX 3aXBOPIOBAHb IUITXOM 301TBIICHHS 0100CTYITHOCTI
OKCHAY a30Ty, CHpUsi€ CyIUHHINH aKTUBHOCTI, HOpMaJIi-
3y€ PUTM Ta CEPIIEBY AisUIbHICTD, IIPUTHITYE PEMOICITIO-
BaHHSA ceplis micis indapkry miokapaa (Hiroshi Hosoda,
2022, 1190). YueHi BUABWIH, [0 TPEIIiH 3HAYHO MOCH-
o€ mpodidepartito, MIrpamio eHa0TeTialbHUX KIITHH
KOPOHAPHOT apTepii JIOIUHM, aHTiOreHe3 in Vvitro Ta
MPOPOCTAaHHA MIKPOCYIUH 13 KUIBI aOpTH B YMOBax
rinokcii yepes GHSRla — omocepenkoBaHi MUTSIXH.
[HyKOBaHMIA TPEIHOM aHTIOTEHE3 CYMPOBOKYBaBCS
EKCIIPECI€I0 BACKYISIPHOTO CHIOTETIalbHOTO (aKTopy
pOCTY, aHTIONOETHHY-1, aHTiOmoeTHHY-2 Ta EHIOTe-
JaJTbHO-CIIEIM(IUHOT  PElenTOpHOT THPO3UHKIHA3ZM.
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OcTaHHE MOKa3ajo, IO TPENliH MOXKE BiIIrpaBaTH Baxk-
JIUBY POJIb Y aHTIOreHe31 Miokapia Micls iIeMIYHOTo
nomkomkenHs (Li Wang et al., 2023).

VYBaXkaroTh, IO MIe OJHHM MEXaHI3MOM CHPHUSTIH-
Boro BrutuBy rpeniny Ha CCC e #oro 3qaTHICT 3MiHIO-
BaTW IHHEPBALIIO CEPIL, SKa OIOCEPEIKOBYETHCS TIPH-
THIYCHHSM CHMIIaTHYHOI aKTUBHOCTi, IO IepeBa)kae
npu XCH, ta aktuBarniero mapacummnarnddoi (Hiroshi
Hosoda, 2022). Xoua MONEKyIspHI MeXaHI3MH, IO
JIeKaTh B OCHOBI BITUBY rpeiiny Ha CCC, 1me He MoBHi-
CTIO 3’sICOBaHi, OTPUMaHi JiaHi CBiJJ4aTh, 0 HOTO CIIPH-
SITTMBHU e(eKT BiIOyBA€ThCS K Oe3MocepeHiM BILTH-
BOM Ha KapAiOMIOIUTH, TaK 1 3aBAsKH 30a1aHCYyBaHHIO
AKTHBHOCTI BETETaTHBHOI HEPBOBOI CHCTEMH.

Pesynpratn 6arathOX EKCHEPHUMEHTAIBHHUX OCIHi-
JDKCHb Ta KIIHIYHUX CIIOCTEPEXEHb CBiTYaTh MpoO Te,
0 K CHJIOICHHUM, TaK 1 €K30I€HHUU (CUHTETUYHHMIA)
rpeiin 0epyTh yyacTth y perynsmnii CCC, mo Mae cyTTeBe
3HAUCHHS B 3aXHCTi ceprieBoi (yHKINI Ta MOKpaliaHHi
nporao3y npu XCH. OcKiTbKH TKAHUHHHUE TPEJiH 9yT-
JUBIMIMHA 10 MAaTojorii 3MiH y KapAiOMiOIWTax, aHik
HaTpidypeTHYHUi nentua tuny B Ta tpononin T, Tomy
BiH MOXe OyTu OioMapkepoM 3MiH O10XIMIUHHX TTOKa3-
HUKIB Ha paHHIX CTadisIX PO3BHUTKY CEPIIEBOI HEIOCTAT-
HocTi (Sullivan R. & Varinder K.R., 2019, 748-762).
HesBakarouu Ha porpec y raiy3i JOCTiHKEHb TPeTiHy
HA CEpLEBO-CYJAMHHI 3aXBOPIOBAHHSI, BaXKIMBUM 3aJld-
[IA€THCST TIOANTBIIEC BUBUCHHS TPEIIHOBUX IUIAXIB VIS
JIIKYBaHHS CEPIICBO-CYINHHUX 3aXBOPIOBAHb 5K MOTCH-
IHHO MEePCIEKTUBHOTO (hapMaKOJIOTIYHOTO TIOTCHIIIATY
(nikapchKoTo 3ac00y) y CKIajai KOMIUIEKCHOT (papmako-
tepamii (Ming-Jie Yuan et al., 2021; Zaichenko A. V. et
al., 2020, 39—44).

CporomHi BHIpaBIAaHUM € OUTBII KOMIUICKCHUI
aHaJli3 peryismii 0ararboX 3aXBOPIOBaHb, TMOB’S3aHUX
i3 TPENiHOM, 30KpeMa eMmiTenialbHO-Me3eHXIMaTbHUN
IpoIeC MEPEeXo/y, SIKU BiIOyBa€ThCS B Kap.iOMiOI[H-
Tax IiJ] 4ac KJIITHHHOTO (hiOpo3y, BUKIMKAHOTO ceplie-
BOIO 1IIEMI€I0, a TAKOX MHpH Tpomidepariii myXIMHHIX
KJIITHH 1 MeTacTa3iB, SKi MPUTHIYYIOTHCS TPEITIHOM
(Pritchett N.R. et al., 2020; Blum, D. et al., 2021). [1pu-

MyCKalOTh, IO T'PEJNIHOBA CHUCTEMa BiMIrpae BasKIHUBY
AHTUIPOIi(EepaTUBHY POJb NPH HEOIUIACTUYHUX CTa-
Hax. BusiBieHO, 1110 KOHIIEHTpais IpeliHy B CHPOBATII
KpOB1 TICHO TOB’si3aHa 3 MyXJMHAMH BEPXHIX BiJILIIB
TpaBHOTO KaHay. OCKITBKY PiBEHb TPETIiHY Y CHPOBATII
KPOBI TaKWX XBOPUX 3HAYHO 3HIKYETHCS, IIe MOXKE OyTH
paHHIM OGiOMapKepoM PH3HKY paKy MIUTyHKOBOTO-KHII-
koBoro Tpakty (Pritchett N.R. et al., 2020, 2728-2735).
OpHak MOOAMHOKI JaHi JITepaTypHy IOA0 POJIi IpelliHy
B CIIPHUSIHHI UM TaJbMYyBaHHI IPOTPECyBaHHs PaKy CyIie-
pewInBi, HECHCTEeMAaTH30BaHi, JOCI HE3pO3yMiji, CHTI-
HAJIBHUI [UISX TPETiHEPTiYHOI CHCTEMH Y PO3BHUTKY Ta
MOUIMPEHH] Pi3HUX BH/IB paKy BHBYCHO HEJOCTaTHBO
(Aldona Kasprzak, 2022).

VY 1npoMy OIIIsiZli MU MparHyJid BHCBITIMTH Oararo-
BHUMIPHY [ISUIBHICTH TPEJIiHY Yepe3 HEeHpOTryMOpalbHY
peryIsiito ¢i3ionoTiYHNX MPOIeciB Ha Cy4aCHOMY eTarti
EKCIIEPUMEHTAIILHUX JTOCII/PKEHb 1 KITIHIYHUX BHITPOOY-
BaHb Ta OKPECIUTH HUISXHU MOJANIBIINX JOCHTIKCHb.

BucHoBkm.

1. I'penin, menTHAHUI TOPMOH HLLIYHKY, Ma€ YyHi-
KaJIbHY CTPYKTYPY Ta BUKOHY€ BaK/JIUBY Heiliporymo-
pajbHy poab y ¢izionoriyHux npomecax B opraHizmi.

2. I3 HelipOeHIOKPUHHOIO PETYJII0BATBHOI0 (PYHK-
ni€lo rpejiiny noB’sizadi 6araroBuMipHi iforo epexru
NpM  Ppo3/1agax TPaBHOI CHUCTEMH, KOTHITHBHHX
NMOpPYIIEHHSIX Ta cTpeci, cepueBO-CYyINHHHUX 3aXBO-
proBanusix. Uepe3 BiacyTHicTs BiamoBignux moc.ii-
JAKeHb, cyleped4uBi BHCHOBKH, 30KpeMa ii 4depe3
CTATUCTHYHI MOXHOKHU, MOJIEKYJISIPHI MeXaHi3Mu, 3a
JAOTOMOIO0I0 SIKUX TOPMOH PeryJio€e roMmeocras, 3a/1m-
IIATHCA 1€ HeJOCTATHBO 3’SCOBAHMM, 110 € Nepe-
AYMOBOIO /ISl NOAAJILIIIOr0 iIHTEHCMBHOIO BUBYEHHS
HOBHX acnekTiB Oy1oBu i (QyHKuiii nnoro dararo-
(yHkuioHaJILHOr0 rOpMOHY.

3. BunpaBaanum € 0inbIll KOMILIEKCHHI aHaJi3
peryasinii rpejiHoM 0ararb0X NaTOJOTiYHMX CTa-
HiB. [loTpedy10Th ycebiunoro BuBYeHHs cnenupiani
MillleHi TOPMOHY Ta HOro HU3XiJAHI IISXH, IO CJIy-
ryBatuMe (opmyBanHi0 ¢apMakoTepaneBTHYHUX
cTpareriii Ta po3po0JIeHHI0 HOBUX JIiKiB.
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THEORETICAL AND EXPERIMENTAL JUSTIFICATION OF DEVELOPMENT
OF DERMATOLOGICAL MEDICINAL PRODUCTS BASED
ON NATURAL COMPOUNDS OF NAFTALAN OIL

Rationale. Inthe article, data from domestic and foreign literature sources regarding the feasibility of developing new dermatological
medicinal products based on natural compounds of Nafialan oil, particularly with refined Naftalan oil, was analyzed. The results of
original experimental screening studies on the anti-inflammatory and analgesic effects of test samples containing natural substances
from petroleum products, using the carrageenan-induced edema model in rats, are presented.

The aim of the study — Summarization of theoretical foundations for development of improved dermatological medicinal products
and experimental pharmacological study of new soft dosage forms with varying compositions of active pharmaceutical ingredients
(petroleum products) and excipients.

Research materials and methods. In this study, we conducted a bibliosemantic analysis of current data regarding properties of
Naftalan oil and refined Naftalan oil, their differences, and potential advantages. The results of original screening studies of soft
dosage forms containing petroleum products were presented. Experimental test samples with varying quantitative compositions of
active pharmaceutical ingredients (Naftalan oil, refined Naftalan oil, mineral oil) and excipients were subjected to pharmacological
investigation. The anti-inflammatory and analgesic activities of the test samples were evaluated using a standardized model of
carrageenan-induced edema in laboratory rats

Research results and discussion. The investigated test samples containing natural substances from petroleum products exhibited a
weak dose-dependent anti-inflammatory activity, which was more pronounced in test samples with a hydrophilic cream base compared
to samples with similar composition on a hydrophobic ointment base. The highest anti-inflammatory activity (23.0%) was demonstrated
by test sample Ne 3, which contained 10% refined Naftalan oil on a hydrophilic cream base. Test samples developed on a hydrophobic
ointment base showed more potent analgesic activity. High levels of analgesic activity were demonstrated by test sample Ne 7 (98.3%),
test sample Ne 6 (87.2%), test sample Ne 9 (70.9%,), and test sample Ne 8 (42.5%). We believe that analgesic activity of test samples
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was exerted due to salicylic acid, the active ingredient with keratoplastic action, which was added to ointments at a concentration of
3% w/w.

Conclusions. Theoretical foundations of potential therapeutic properties of new soft dosage forms based on natural substances with
petroleum products proved to be somewhat different from the results of our experimental research. The obtained pharmacological study data
indicates the presence of a rather weak anti-inflammatory activity in natural substances with petroleum products on a hydrophilic cream base.
In test samples on a hydrophobic ointment base, this activity is practically absent. However, analgesic activity was more pronounced in all
test samples, and was the highest in dosage forms on a hydrophobic ointment base, which is likely due to salicylic acid. In our opinion, the
greatest prospects are opening up for refined Naftalan oil, but most likely as an excipient for the development of new dermatological medicinal
products. The optimal concentration of refined Naftalan oil in soft dosage forms should be considered in the range of 10% to 15%.

Key words: petroleum products, Naftalan, Naftalan oil, refined Naftalan oil, anti-inflammatory activity, analgesic activity, screening
pharmacological studies.
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TEOPETHYHE i1l EKCHEPUMEHTAJIBHE OBIPYHTYBAHHSA PO3POBJIEHHSA
JAEPMATOJIOTTYHUX JIIKAPCBKHUX 3ACOBIB HA OCHOBI IPUPO/IHUX CITIOJYK
HA®TAJTAHCBKOI HA®TH

Axmyanyuicme. Y cmammi ananizyromucs 0ami 0xcepen 8imuusHAHOL il 3apy0ixcHoi iimepamypu w000 00YiNbHOCMI pO3pOOIeHHSA
HOBUX 0epMaAMONO2IUHUX IKAPCLKUX 30C00i8 HA OCHOBI NPUPOOHUX CRONYK HAPMANAHCHLKOT HAMU, 30KpeMd 3 OYUWeHUM Hadmana-
nogum maciom. Hagedeno pesynomamu 1acHux eKCnepumMeHmanbHux CKpUHIH208UX 00CI0dICeHb NPOMU3ANAILHOT Ma aHAN2eMUYHOT
0ii mecm-3pasKis npupooHux cyocmanyiii i3 HaghmonpooyKmie Ha Mooei KapasinaHo8020 HAOPAKY V WYpIs.

Mema 0ocnioicenns — yazanvHents meopemuiHux 3acao po3poodienHs 600CKOHALEHUX 0epMAamOoNo2i4HUuX NiKapcbKux 3acobie ma
excnepumenmanbhe hapmarono2iune O0CIIOHCeHHs HOBUX M AKUX TIKAPCOKUX 3AC00I8 i3 PI3HUM CKIA0OM AKMUBHUX (PapMaye6muyHux
inepedienmie (Haghmonpooykmis) i OONOMINCHUX PEUOBUH.

Mamepian i memoou. Y oocniodicenni nposedeno 6i6nioceManmuynull aHali3 CyuYacHux OaHUx wooo e1acmueocmell Hapmaian-
CbKOI Haghmu ma oYuweHo2o0 HAPMAaIano8020 Macad, ixXHix sioMiHHocmell | nomeHyitiHux nepesae. Hageoeno pesynomamu enacuux
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CKPUHIHE0BUX OOCHIONCEHb M SAKUX JIKAPCLKUX 3aco0i8 i3 Haghmonpodykmamu. Excnepumenmanvhi mecm-3pasku 3 pisHUM KITbKiC-
HUM CKAAOOM AKMUBHUX (apMayesmuyHux inepedieHmis (Hagmanancokoi Hagmu, ouuweHo2o HadhmaiaHo8o2o Macid, 8a3eniHo-
6020 MACNA) | OONOMINCHUX PEYOBUH NIOOABANUCA PAPMAKONO2IYHOMY 00CHiOdCcen Io. TIpomusanansiy ma anaieemuyuny aKmueHicms
mecm-3pasKié nPposOOUNIU Ha CMAHOAPMU308AHIL MO0 KaPALIHAH-IHOYKOBAHO20 HAOPSKY V 1aO0PAMOPHUX UWYPI6.

Pesynomamu 0ocnioxcennsn. Y 0ocnioxcysanux mecm-3pasKie, AKi MiCIuau npupooni cyocmanyii' 3 Haghmonpooykmie, eusaeieHo
CAOKY 00303aNeXHCHY NPOMU3ANATLHY AKMUSHICMb, W0 0YAa Oilblt 6Upadcena y mecm-3paskie Ha 2iopo@inbhitl KpeMosill 0OCHOSI,
HIJIC 8 AHANOSTYHUX 3A CKAAOOM 3pa3Kax Ha 2iopogobuiil mazesiti ocnosi. Hatisuwuii nokasnux npomuszananvhoi akmusrnocmi (23,0%)
npooemoncmpyeas mecm-3pazok Ne 3, axuti micmue ouuwene nagpmananose macino 10% na 2iopoinvuiii kpemogiti ocrogi. 3a anan-
2EMUYHOIO AKMUBHICIMIO nepesazu Mau mecm-3pasKku, po3poodieri Ha 2iopogobHill Mazesiil 0CHO8I. Bucoxi nokaznuku ananieemuyHoi
akmusHocmi npodemoncmpysanu: mecm-3pazox Ne 7 (98,3%); mecm-3pasox Ne 6 (87,2%); mecm-3pazox Ne 9 (70,9%); mecm-3pazox
Ne 8 (42,5%). Veaowcaemo, wo ananeemuuna akmusHicms 3yMos1eHa 0itoYoI0 PEeYogUHOIO Kepamoniacmuynoi 0ii — caniyiunogoro Kuc-
JIOMOI0, SIKY 6600UNU 00 CKIAOY Mazell y Konyenmpayii 3% m/m.

Bucnoeok. Teopemuuni 3acadu 1000 nOMeHYIHUX TIKY8ATbHUX BIACIUBOCINELl HOBUX M SKUX JIKAPCLKUX 3AC00I8 HA OCHO8I NPUPOOHUX
cyocmanyiil i3 HagMonPOOYKMAMU SUAGUTUCA 0O THAKWUMU, HINC Pe3yTbmamy eKCnePUMEeHmMAIbHo20 00cnioxcenHa. Ompumani 0aui
hapmarono2iuno2o susueH s ceiouaNmb NPo HAGHICMb V08O CLAOKOT NPOMU3ANANLHOL AKMUSHOCMI Y NPUPOOHUX CyOCcmanyiil i3 Haghmo-
npoOyKmis na 2iopo@inbHiil Kpemogiil ocHO8L. Y mecm-3paskis na 2iopo@obuiil mazesiti 0CHOBI Ys akmusHicmb npakmuuro siocymus. [Ipome
ananzemudHa akmusHicme 6y1a 6ULbW BUPANCEHA 8 YCIX MECM-3PA3Kax, ajie Hatlguwe Y IIKapCoKux Qoopmax Ha 2iopodobuiil mazesii ocHos,
WO, HanegHo, 3yYMOBIEHO CANIYUNOBOI0 KUCIoMOI0. Hallbinbwi nepcnexmusu, Ha Hauty OyMKY, BIOKPUBAIOMbCA Y OYULEHO20 HAPMATAHOB020
macna, ane, ckopiwe 3a 6ce, Ik OONOMIICHOT petoBUHU O PO3POOIEHHS HOBUX OEPMATNONOIUHUX JIKAPCOKUX 3ac00i8. ONMUMAanbHOIO KOH-

YeHmpayicio ouuueHo20 Hapmanano6020 Macaa 8 M AKUX JIKAPCoKux 3acobax cnio yeasxicamu 6io 10% oo 15%.
Knrouogi cnosa: nagpmonpoodykmu, nagpmanan, nagpmanancvka nagma, ouuwene Hapmananose Macio, NPOMU3ANAILHA AKMUe-
HICTb, AHACeMUYHA AKMUBHICTb, CKPUHIHEO08I (hapMaKonoeiumi 00CIiONCEeHH .

Introduction. Rationale. In recent years, there has
been growing attention from scientists and practicing
physicians towards medicinal products of natural
origin. This is due to the attractive safety profile of such
medicines, their broad spectrum of therapeutic action,
many years of successful use in clinical practice, and
popularity among patients.

Substances of natural origin include Naftalan oil
(so-called "black Naftalan oil"), Naftalan — an ointment
derived from Naftalan oil (currently unavailable on
Ukrainian pharmaceutical market), and vaseline oil.

Naftalan oil is a unique natural substance that has
been used for over two hundred years to treat various
pathological conditions and skin diseases. Naftalan oil
was first obtained in the village of Safi-Kyurd, located
near the city of Naftalan in Azerbaijan, in the 11th-12th
centuries (Adigozalova et al., 2017). For a long time,
residents of Safi-Kyurd and surrounding cities used
Naftalan oil to treat various skin diseases such as
eczema, psoriasis, burns, and others. In the 13th century,
Italian traveler Marco Polo reported of Naftalan oil and
its properties. In 1890, German engineer E. Jager noticed
successful treatment of various diseases with this oil and
began constructing a factory near the oil extraction source
to produce "Naftalan" ointment, which was successfully
sold in pharmacies in London, Hamburg, Tokyo, and
Cairo. This ointment was also used by military medics to
treat gunshot wounds, burns, and frostbite (Kravchenko
& Kiaziamov, 2006). Naftalan ointment was widely
used by doctors; later, cosmetologists began using it
to improve facial skin condition in various diseases
(Isayeva, 2023).

Naftalan oil (NO) is a thick syrupy substance, brown
in color, with a pleasant smell, almost indistinguishable
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in appearance from other types of oil and similar to
heavy resinous oils (Gulieva, S. A., 1981). NO contains
a plethora of various hydrocarbons, among which
naphthenic (50% to 60%) and aromatic (31%). It also
contains resins (14%), naphthenic acids (0.5% to 1%),
nitrogenous bases (up to 0.3%), and water 10-15%
(Adigozalova, 2016).

Over the past 100 years, intensive scientific study
has been conducted, alongside widespread medical
use of soft dosage forms with NO for treatment of
dermatological diseases. To produce medicines, a
Naftalan substance is obtained from NO. Along with
positive clinical results obtained during the clinical
use of ointments with NO, some pharmaceutical issues
remained unresolved, including unpleasant odor, coloring
properties, and difficulty in combining with some active
pharmaceutical ingredients (APIs). The main problem
was the lack of data on the exact composition and
standardization of substances from NO, particularly, the
distribution of polycyclic aromatic hydrocarbons, their
major and minor components (fractions of naphthenic
hydrocarbons), which is crucial for understanding of
mechanisms of action, therapeutic effects, and possible
adverse reactions.

Polycyclic aromatic hydrocarbons (PAHs) are organic
compounds characterized by the presence of two or more
condensed benzene rings in their chemical structure.
Since Naftalan substance is a product of NO processing
that may contain a significant amount of PAHs, their
content in the Naftalan substance for pharmaceutical
purposes should be limited. The type of impact of PAHs
on living biological systems mainly depends on the
structure of hydrocarbons and can vary widely. Many
PAHs are strong chemical carcinogens. For example,
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compounds like benz[a]anthracene, benzopyrene, and
ovalene have pronounced carcinogenic, mutagenic, and
teratogenic properties.

According to the EU regulatory document
No. 1223/2009 (Regulation (EC) No 1223/2009
of the European Parliament and of the Council of
30 November 2009 on cosmetic products), the amount
of polycyclic aromatic hydrocarbons extracted with
dimethyl sulfoxide from petroleum extracts used for the
production of cosmetic products is regulated at a level
of not more than 3.0% (by naphthalene). This criterion
characterizes the toxicity limit of petroleum products,
as their toxicity is determined by the content of PAHs.
Therefore, for petroleum products, instead of long-term
toxicity studies at the initial stages of experimental
research, PAH content is being determined.

The upper limit of 3.0% for PAH content is
significantly higher than the acceptability criterion
for the content of polycyclic aromatic hydrocarbons
established in the monographs of State Pharmacopoeia
of Ukraine (SPU). According to the SPU monograph
"Petrolatum", polycyclic aromatic hydrocarbons contents
in the petrolatum substance should not exceed 0.03%.
Therefore, for the Naftalan substance, it is suggested to
limit contents of polycyclic aromatic hydrocarbons to the
level of their limitation in petrolatum, namely, to 0.03%.

A new page in the history of officinal dosage forms
with NO was opened when refined Naftalan oil (RNO)
was obtained. Unlike unrefined NO, or the so-called
"black Naftalan oil", RNO is the result of deeper
processing of NO, formed after removal of potentially
carcinogenic and allergenic fractions of petroleum
hydrocarbons. It is devoid of coloring and unpleasant
organoleptic properties, and its technological properties
are significantly improved.

Results of successful clinical application of
ointments with NO contributed to an in-depth study
of its pharmacodynamics, while its drawbacks
prompted scientists and clinical researchers to improve
dermatological dosage forms by replacing Naftalan
with  RNO to enhance their biopharmaceutical
properties, strengthen pharmacological action, and
enable combination with various APIs and excipients.
The aforementioned theoretical prerequisites became
the fundamental basis for development and subsequent
screening research of new dosage forms with RNO,
implemented within the framework of this research.

The aim of the study was to examine theoretical
foundations for development of improved dermatological
medicinal products and conduct experimental
pharmacological research on new soft dosage forms
with varying compositions of active pharmaceutical
ingredients (petroleum products) and excipients.

Research materials and methods. We investigated
test samples that differed in qualitative composition
(i.e., the presence of refined or unrefined Naftalan
oil), quantitative content of NO or RNO, type of a
base (hydrophilic cream and hydrophobic ointment)
and composition of excipients; some test samples
contained 3% salicylic acid in their ointment bases. The
composition of investigated test samples is presented in
table 1. Preparations on hydrophilic and hydrophobic
bases are necessary for various dermatological diseases
and different phases of certain diseases.

Refined Naftalan oil (RNO) is a natural substance of
organic origin, a highly purified fraction of Naftalan oil
(NO), a transparent substance with a mild characteristic
odor, containing naphthenic hydrocarbons. According
to various researchers, it exhibits analgesic, anti-
inflammatory, desensitizing, angioprotective, and

Table 1

The composition of investigated test samples of soft dosage forms with petroleum product substances

Test Content of substances in test samples, showed in %
sample, oetined 1 Naftalan ol Vaseline oil | Salicylic acid | [Ydrocertisone Base of a test sample
TS* No 1 - - 10,0 - - Hydrophilic
TS Ne 2 - 10,0 - - - Hydrophilic
TS Ne 3 10,0 - - - - Hydrophilic
TS Ne 4 15,0 - - - - Hydrophilic
TS Ne 5 - - - - 1,0 Hydrophilic
TS Ne 6 - - 15,0 3,0 - Hydrophobic
TS Ne 7 - 10,0 - 3,0 - Hydrophobic
TS Ne 8 10,0 - - 3,0 - Hydrophobic
TS Ne 9 15,0 - - 3,0 - Hydrophobic
TS Ne 10 - - - - 1,0 Hydrophobic
* TS — test sample
®itorepanis. Yaconuc Ne 3, 2024 55 =
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antipruritic effects. Isolated studies shown that RNO
stimulated regenerative processes and suppressed
inflammatory processes in the setting of dermatological
diseases, accelerated regression of pathological
manifestations, and promoted resorption of psoriatic
skin lesions (Shmyhlo et al., 2004).

To theoretically justify development of new medicinal
products with NO and RNO, we employed general
theoretical scientific approaches, including the method
of bibliosemantic analysis, information synthesis, and
generalization. The experimental pharmacological
study of anti-inflammatory and analgesic effects of test
samples was conducted using the carrageenan-induced
edema model in rats (Stefanov O.V., 2001). The anti-
inflammatory action was evaluated in 2 and 4 hours after
carrageenan-induced inflammation. The anti-edema
effect, as an indicator of anti-inflammatory activity,
was assessed by measuring the change of the rat paw
volume, when injected with carrageenan, compared to
the control group over the same observation period. The
rat paw volume (in conventional units) was recorded
using a Ugo Basile plethysmometer (Italy). Analgesic
activity was assessed by measuring changes in the pain
threshold (PT) in animals using the "tail flick" test with
a Ugo Basile analgesiometer (Italy), by stimulating the
proximal part of the tail with a focused infrared beam
and subsequently forming groups of animals with initial
PT values ranging from 4 to 12 seconds (Seredynska,
2014; McMahon et al, 2021).

Statistical processing of the obtained data was
performed by determining the normality of distribution,
which was assessed using the Shapiro-Wilk test (W).
The obtained values followed a normal distribution.

Data are presented as arithmetic means and standard
errors of the mean. The significance of a difference
between mean values in two samples was determined
using the Student's t-test. Differences were considered
statistically significant at a significance level of at least
95% (p<0,05).

All studies were conducted in accordance with
the rules and norms of humane treatment of animals
in experimental research (Council of Europe, 1986)
and certified by the Expert Opinion of the Bioethics
Commission of Bogomolets National Medical
University.

Research results and discussion. The results obtained
overthe course ofthe screening study ofthe pharmacological
action of test samples of soft dosage forms with varying
concentrations of RNO are shown in table 2.

The evaluation of anti-edema effect indicates a weak
anti-inflammatory activity (AIA) in the investigated
test samples. The highest AIA was demonstrated by
test sample Ne 3, which contained 10% RNO on a
hydrophilic cream base. Test sample Ne 1 (10% vaseline
oil on a hydrophilic cream base) showed half the anti-
inflammatory activity, at 12.8%; test sample Ne 2,
containing 10% Naftalan oil on a hydrophilic cream
base, demonstrated an anti-inflammatory activity of
8.3%; test sample Ne 5 (comparator on a hydrophilic
cream base), containing 1% hydrocortisone acetate on
a hydrophilic cream base, showed only 10.9% anti-
inflammatory effect. Meanwhile, test sample Ne 10,
containing 1% hydrocortisone acetate on a hydrophobic
ointment base (comparator on a hydrophobic ointment
base) exhibited significantly lower anti-inflammatory
activity, equal to 3.2%.

Table 2

Results of the study on anti-inflammatory and analgesic effects of test samples of soft dosage forms
with petroleum product substances using the carrageenan-induced edema model in rats

Observation period, 2 hours
Experimental animal groups _ Pharmacological activity, %
Antl-lnﬂz.m.lmatory Analgesic activity
activity
Test sample Ne 1 — 10% vaseline oil, hydrophilic base, cream (n=14) 12.8 19.3
Test sample Ne 2 — 10% Naftalan oil, hydrophilic base, cream (n=14) 8.3 4.9
Test sample Ne 3 — 10% refined Naftalan oil, hydrophilic base, cream (n=9) 23.0 -3.9
Test sample Ne 4 — 15% refined Naftalan oil, hydrophilic base, cream (n=9) 8.9 —-8.5
Test sam.p‘le Ne 5 —1.0% hydrocortisone acetate cream (comparator on 10.9 234
hydrophilic base) (n=14)
Test sample Ne 6 — 15% vaseline oil, hydrophobic base, ointment (n=9) 3.9 87.2
Test sample Ne 7 — 10% Naftalan oil, hydrophobic base, ointment (n=9) 8.9 98.3
Test sample Ne 8 — 10% refined Naftalan oil, hydrophobic base, ointment (n=9) 1.9 42.5
Test sample Ne 9 — 15% refined Naftalan oil, hydrophobic base, ointment (n=9) 6.4 70.9
Test sampl@ Ne 10 — 1.0% hydrocortisone acetate ointment (comparator on 32 28
hydrophobic base) (n=9)
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All other test samples on the hydrophobic ointment
base, except for the one composed of 10% Naftalan oil
on a hydrophobic base (test sample Ne 7), showed anti-
inflammatory activity ranging from 1.9% to 6.4%. Test
sample Ne 7 demonstrated an anti-inflammatory activity
of 8.9%.

Test sample Ne 9, containing 15% RNO but on a
hydrophobic ointment base, despite a 50% increase in
RNO compared to test sample Ne 8 (containing 10%
RNO on a hydrophobic ointment base), showed only
slightly higher anti-inflammatory activity of 6.4% versus
1.9% in test sample Ne 8.

Test sample Ne 10 (comparator), containing 1%
hydrocortisone acetate but on a hydrophobic ointment
base, demonstrated an anti-inflammatory effect of 3.2%,
which is 3 times less than 1% hydrocortisone acetate on
a hydrophilic cream base (test sample Ne 5).

Thus, the investigated soft dosage forms containing
natural substances from petroleum products exhibited
weak dose-dependent anti-inflammatory activity, which
was more pronounced in test samples on a hydrophilic
cream base than in samples with similar composition on
a hydrophobic ointment base. Hydrocortisone acetate
1%, as a hydrophilic substance in a hydrophilic base,
naturally showed three times greater anti-inflammatory
activity than the same concentration of hydrocortisone
acetate 1% on a hydrophobic ointment base, while still
being more than twice less effective than 10% RNO on
a hydrophilic cream base (test sample Ne 3). This means
that an anti-inflammatory effect of our investigated
test sample with 10% RNO was higher that the one
for a corticosteroid — 1% hydrocortisone, but only on a
hydrophilic cream base. Therefore, this sample might be
promising for further in-depth study on a model of skin
pathology, such as psoriasis.

Regarding analgesic activity, which was more
pronounced, test samples Ne 7, No 6, Ne 9, and Ne 8§,
developed on a hydrophobic ointment base, showed
advantages. They demonstrated high levels of analgesic
activity: 98.3% (test sample Ne 7); 87.2% (test sample
Ne 6); 70.9% (test sample Ne 9); 42.5% (test sample
Ne 8) respectively. Analgesic activity was explained by
presence of salicylic acid. Since the contents of salicylic
acid is constant and is at 3% in each sample, the variation
in analgesic effect is explained by different contents of
excipients and the amount of RNO. Thus, the sample
containing 15% RNO showed a greater analgesic effect
than the sample with 10% RNO.

The comparator 1% hydrocortisone acetate on a
hydrophobic ointment base showed practically no
analgesic activity, with its indicator equal to 2.8%.
Meanwhile, 1% hydrocortisone acetate on a hydrophilic

®diroTepanis. Yaconuc

cream base (test sample Ne 5) demonstrated an analgesic
activity of 23.4%, which is almost 9 times higher. Test
sample Ne 1, containing 10% vaseline oil on a hydrophilic
cream base, showed weak analgesic activity of 19.3%,
lower than the test samples of petroleum products on
hydrophobic ointment bases. Test sample Ne 2 showed
the lowest analgesic activity at 4.9%. Interestingly,
data for test samples Ne 3 and Ne4 with RNO showed,
on the contrary, a decrease in the pain threshold (PT).
At a concentration of 10% RNO on a hydrophilic
cream base, it decreased PT by 3.9%, while increasing
the concentration to 15% raised PT by 8.5%. This can
probably be explained by differences in the composition
of excipients that increase sensitivity of nerve endings to
nociceptive stimuli.

High analgesic activity (98.3%) of test sample Ne 7,
containing 10% Naftalan oil (unrefined, with a higher
content of PAHs and other naphthenic hydrocarbons),
is noteworthy. This is probably explained by the higher
content of substances that contribute to increasing the
analgesic effect of salicylic acid.

Conclusions

Theoretical analysis of current scientific data
indicates a certain therapeutic potential of topical
medicinal products containing petroleum products,
namely Naftalan oil, vaseline oil, and refined Naftalan
oil, particularly in the setting of dermatological
diseases. However, our experimental studies
demonstrated that the investigated pharmaceutical
ingredients from petroleum products exhibit rather
weak anti-inflammatory activity, and only in
combination with a hydrophilic cream base, while this
activity was almost completely lost on a hydrophobic
ointment base. Nevertheless, the emergence of
analgesic activity, which was more pronounced in
test samples on a hydrophobic ointment base, can
be explained by the presence of salicylic acid. The
absence of anti-inflammatory effects in test samples
on a hydrophobic ointment base can only be explained
by the fact that the change to a hydrophobic ointment
base and a different spectrum of excipients used for
this dosage form do not allow salicylic acid to exhibit
its anti-inflammatory properties. Salicylic acid belongs
to non-steroidal anti-inflammatory drugs, which are
significantly less potent than diclofenac, ketoprofen,
and other medicinal products in this group. Therefore,
the low concentration of 3% salicylic acid may explain
the lack of anti-inflammatory activity in test samples
on a hydrophobic ointment base that contained it.
As is known, at low concentrations, salicylic acid
exhibits not so much anti-inflammatory as keratolytic
and keratoplastic types of action. This may justify its
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inclusion in dermatological products for the treatment
of diseases accompanied by hyperkeratosis, such as
psoriasis.

Results of our screening study open up prospects
for using refined Naftalan oil as a new excipient in
combination with active pharmaceutical ingredients
that demonstrate proven anti-inflammatory action.
The optimal content of refined Naftalan oil should
be considered 10% as an excipient in such dosage
forms. For the purpose of developing dermatological
medicinal products that may exhibit analgesic action,

the most promising is 15% refined Naftalan oil,
particularly on a hydrophobic ointment base, since
it is in this concentration and in combination with
salicylic acid, that its greatest analgesic activity is
manifested.

However, refined Naftalan oil has a favorable safety
profile, improved pharmaceutical properties, and
can exhibit synergistic activity in combination with
anti-inflammatory and other active pharmaceutical
ingredients. This opens up prospects for further
experimental studies.
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BIOPHOTONICS AND REFLEXOLOGY:
CONCEPTUALIZATION OF THE ROLE OF BIOPHOTONIC SIGNALING

Relevance. The theoretical research was carried out in order to create a biological medical theory that could conceptually describe
the substrate and mechanisms of transmission of the therapeutic effect of reflexology through biologically active points and resolve the
scientific paradox regarding the existence of the primary vascular system. This is an urgent problem for modern fundamental science
and medicine in order to replenish scientific knowledge, further medical progress and understand the mechanisms of effectiveness
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of traditional medicine and reflexology according to the resolutions of the Gujarat Declaration of the Traditional Medicine Global
Summit 2023 meeting report.

The aim of this study is to conceptualize modern ideas about the role of biophotons/biophoton signaling in the implementation of
reflex connections between organs through energy channels in the human body, which are defined in traditional medicine as meridians.

Materials and methods. general scientific and theoretical methods were used during the theoretical research.

Results. A working concept of the participation of biophoton signaling mechanisms in intercellular communication and reflex
interaction between tissues, organs and segments of the human body was developed.

Conclusions. 1. At the nano-level, biophoton signaling is an important electromagnetic mechanism of intercellular communication,
which ensures the information transfer of genetic information from DNA molecules to all molecules and cells of the body, participates
in the creation of biological electromagnetic fields at all hierarchical levels and provides the electromagnetic basis of the phenomenon
of life. 2. At the level of the organism, biophotonic signaling is an important part of energy exchange in the human body and ensures the
implementation of reflex connections between organs through myofascial connections and the primary vascular system, which topographically
correspond to the meridian system of traditional medicine. 3. The primary vascular system is a new anatomical system that is fundamentally
different from the circulatory system and the lymphatic system of the human body, which is histomorphologically adapted to transmit the
electromagnetic biophoton signal according to the optical fiber principle at the speed of light and is the morphological substrate of the meridian
system of traditional medicine. 4. The concept of biophoton signaling complements modern ideas about energy exchange in the human body, does
not contradict them, logically substantiates the participation in the processes of transmission of electromagnetic energy of the primary vascular
system and explains the fundamental aspects of the role of electromagnetic processes in the realization of the phenomenon of human life.

Key words: biophotons, biophoton signaling, meridians, primary vascular system, traditional medicine, reflexology, non-
communicable disease.
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BIO®OTOHMU I PE®JIEKCOTEPAIIIA:
KOHIEITYAJI3ALIA POJII BIO®OTOHHOI'O CUT'HAJIIHT'Y

Axmyansuicme. Teopemuune 0ocniodcenHs 6Y10 BUKOHAHO 3A015A CMBOPeHHA 0i0N02IuHOT MeduuHoi meopii, axa 6 Moena 6u KoH-
YenmyanbHo onucamu cyocmpam i Mexanizmu nepeoayi mepaneémuiHo20 6Nnaugy peqiekcomepanii uepes 6io102iUH0 aKMUGHI MOUKU
Ul BUpIMUMU HAYKOBULL NAPAOOKC U000 ICHYBAHHA NEPEUHHOT CYOUHHOT cucmemu. 3a3naiene € akmyanbHolo npooaemoio Ol Cy4acHoi
GynoamenmanoHoi Hayku i MeOUYUHU 3a0158 NONOBHEHHS HAYKOBUX 3HAHDL, NOOANLULO20 MEOUYHO20 NpO2pecy i pO3YMIHHA MeXaHi3-
Mi6 eghexmuerocmi mpaouyitinoi meouyunu ma pegpnexcomepanii 32iono 3 nocmanosamu I yoxcapamcvroi dexnapayii I106anvhoco

camimy mpaouyitinoi meouyuru 2023 p.

Mema 00cnidxcenna — KOHYennyanizyeamu Cy4acHi yaeneHHs uooo poii 6ioghomonie/bioghomonnoeo cueHaniney y peanizayii pegprekmop-
HUX 36 SI3Ki6 MIDIC Op2aHaMU Yepe3 eHepeemuiHi Kanan 6 Opeaizmi II0OUHY, SKI 6USHAYAIOMbCA Y MPAOUYIHIL MeOUYUHT AK MEPUOTAHU.

Mamepian i memoou. I1i0 uac suxonanms meopemuuno2o O0CIONHCeHHs BUKOPUCTNAHO 3A2ATbHOHAYKOGI | meopemuyHi Memoou.

Pezynomamu 0ocnioxycenna. Po3pobreno pobouuil KoHyenm yuacmi mexauizmie 0iogpomonHo20 cueHaniney y MIidCKImuHHil
KOMYHIKayii ma y pegrekmopiil 63aeM00ii Midic MKAHUHAMU, OP2AHAMU | CecMeHmamu miia I0OUHU.

Bucnoeok.

1. Ha nanopisni 6ioghomonnuil cueHanine € 8adciusum e1ekmpomMacHimHuM MexaHizviom MidCKIIMUHHOI KOMYHIKayii, Akuil 3abesneyye
iHopmayitiny nepedauy eenemuunoi ingopmayii’ 6io monexyn JJHK 0o ecix monexyn i knimun mina, 6epe yuacmv y cmeopenHi 0ionociuHux
ENIEeKMPOMACHINHUX NOTIG HA BCIX IEPAPXTUHUX PIGHSX MA 3a0e3nedye eneKmpoMAaHimHy 0CHOBY (DeHOMEHY HCUMMIAL.

2. Ha pigni opeanizmy 6iopomoHHULl CUSHATIHE € 8aMHCTIUBOIO YACTIUHON eHEPLeMUYHO20 0OMIHY 8 M TOOUHU | 3a0e3nedye peanizayito
peprexmopHux 36 S13Ki6 MIdiC OpeaHamu uepes MIoQacyianbHi 38 si3KU Ma NepeurHy CyOUHHY CUCeMY, SIKI MONoSPaghiuHo 6I0N06ioarms cuc-

memi Mepuoianie mpaouyitiHoi MeOuyuHu.

3. Ilepsunna cyOuHHa cucmema € HO80I0 AHAMOMIYHOIO CUCIEMOI), SIKA NPUHYUNOBO BIOPIZHAEMbCA 610 KPOBOHOCHOI cucmemu ma nimga-
MUYHOL cucmeMu OPeaHizMy JIFOOUHU, SIKA 2iCMOMOPPOTOSIUHO NPUCMOCOBARA 0TI NEPedayi eleKmpoOMAasHIinHO20 OI0HOMOHOB020 CUSHATY 3
ONMOBONLOKOHHUM NPUHYUNOM 31 WUBUOKICIIO CE8IMIA I € MOPGHONOTUHUM CYOCIPAmOoM cucmemi Mepuoianis mpaouyitiHoi MeOuyuHu.

4. Konyenuyis 6iohomonnozco cuenaninzy 00nosHioe cyuacHi yagieHHs: npo eHepeemudHuLl 0OMIH Y M IIOOUHU, He CYRepeyumy iM, 102i4HO
0OIPYHMOBYE YHACIb Y NPOYECcax Nepeoayi eeKmpoMacHImHOT eHepeil nepeuUHHOT CyOUHHOT CUCmeMU Ma NOSICHIOE ()YHOAMEHMAbHI ACHEeKmu
PO eNEeKMPOMASTHMHUX NPOYeCi8 Y peanizayii heHoMeHy sHcumms Ir0OUHU.

Kniouogi cnosa: 6iogpomonu, 6iopomonnuil cuenanine, Mepuoiani, nepeunna CyOuHHa cCucmema, mpaouyiina Meouyunda, pegrex-

comepanisi, HeiHpeKYitiHi 3aX60PIOBANHSL.

Introduction. It is well known that the use of reflex-
ology methods in the complex treatment of chronic
non-communicable disease (NCDs) significantly
increases efficiency and brings good results (Whatley et
al.,2022; Caietal., 2022; Runge et al., 2022; Zaina et al.,
2023). Therefore, an urgent task for modern medicine is
to further study the fundamental issues of the mecha-
nisms for realizing the therapeutic effects of reflexology.

However, today in modern medicine a paradox has
arisen regarding the issue of full recognition of the exist-
ence in the human body of a three-dimensional system
of “energy channels/meridians” and “biologically active
points/acupuncture points.” These scientific concepts
have been used empirically for many hundreds of years
by Western medicine due to the clinical effectiveness of
the techniques (Jing & Wen, 1963; Dorfer et al., 1998, pp.

-G
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242-243; Dorfer et al., 1999, pp. 1023—-1025; Schnorren-
berger, 1996, 2005, 2008; Potyazhenko, & Nevoit, 2019).
In 1960, Korean scientist Kim Bong-Han described a new
anatomical system that corresponded to the ancient acu-
puncture meridians. The results were presented in four
reports and published as two books in English (Kim, 1962,
1963, pp. 6-35, pp. 1-41, 1964, 1965, pp. 1-38, pp. 1-6,
pp. 39-62). Many scientists have shown scientific interest
in these ideas (Kellner G., 1966; Fujiwara, & Yu, 1967;
Soh et al., 2011). This was perceived by the scientific
world community as a hypothesis that does not have suf-
ficient evidence. In 2002, Dr. Kwang-Sup Soh's research
team carried out a new independent study of the anatom-
ical system that Bong-Han described and confirmed its
existence (Soh, 2009; Soh et al., 2011; Soh et al., 2013).
The new anatomical structure is called the Primary Vas-
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cular System (PVS). A new uniform terminology was
developed. This was approved at the first International
Symposium on the Primary Vascular System (Jecheon,
Korea) (Soh et al., 2013). Fundamental research by Dr.
Kwang-Sup Soh's group was carried out at a high level
from the standpoint of evidence-based medicine and pub-
lished in specialized scientific journals that publish arti-
cles on acupuncture. All results concerning the PVS have
been published in international scientific journals such as
New Journal of Physics; PLoS One; Anatomical Record
Part B: The New Anatomist; Microscopy Research and
Technique; Current Applied Physics; Naturwissenschaf-
ten; Lymphatic Research and Biology; Applied Physics
Letters; Journal of Biomedical Optics; Microcirculation; ;
Cardiology; Lymphology; Journal of Health Science; Bio-
logia; and Journal of International Society of Life Infor-
mation Science (Vodyanoy et al., 2015). This has revived
scientific interest in PVS. But full scientific recognition
of the existence of PVS has not occurred. Today, there
is proven fundamental knowledge about the anatomy and
morphology of PVS, the functioning of PVS, and the his-
tochemistry of PVS (Kim, 2022; Kang, 2016, 2022). This
knowledge remains not integrated into orthodox medi-
cine. Knowledge about PVS is not included in textbooks
on physiology and anatomy. PVS research is continued
only by scientists who use the knowledge of traditional
medicine. This is a paradox in science that we must try to
overcome (Kang, 2016, 2022; Stefanov, 2022). Perhaps
data on the existence and functioning of PVS are ignored
by many scientists because science does not yet have a
modern, logical biomedical concept to explain the exist-
ence of PVS. Science needs a biological medical theory
that can describe the substrate and mechanisms of ther-
apeutic transmission through biologically active points/
acupuncture points and PVS. This theory would provide
the basis for linking the existing scientific paradigm with
new data on PVS. Then the existence of PVS and its func-
tions in the human body could be included in the scientific
paradigm of medicine. Therefore, theoretical research to
achieve this goal is relevant and important for fundamen-
tal science and medicine.

For modern science, understanding the essence and
meaning of traditional medicine and reflexology is abso-
lutely important. This was reflected in the conclusions of
the World Health Organization at the “Traditional Medi-
cine Global Summit 2023 meeting report: Gujarat Decla-
ration”. According to paragraph 12 of the Gujarat Declara-
tion, it is necessary to use science, technology, innovation
and knowledge sharing to confirm and disclose the feasi-
bility of traditional medicine. According to paragraph 14
of the Gujarat Declaration, it is also necessary to contrib-
ute to the development, implementation, monitoring, and
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transformative impact of the WHO Global Traditional
Medicine Strategy for the period 2025-2034, and advo-
cate for increased political and financial commitments at
global, regional, national and community levels to trans-
late that strategy into policies and practices for people's
health and well-being (WHO, 2023).

Therefore, it is necessary to develop a biomedical
theory that can describe the substrate and mechanisms
of transfer of therapeutic effects through biologically
active points/acupuncture points and PVS. To achieve
this, this theoretical study carried out a conceptualiza-
tion of modern ideas about the role of biophotons in the
implementation of reflex connections between organs
along energy channels in the human body, called merid-
ians in traditional medicine.

Materials and methods. This theoretical study
is part of the educational, research project “Bioelec-
tronic Medicine”. This is a fragment of research work
of the Department of Internal Medicine and Emer-
gency Medicine of Poltava State Medical University
(23, Shevchenko St., 36011, Poltava, Ukraine) on
“Development of algorithms and technologies for
implementing a healthy lifestyle in patients with NCDs
based on the study of functional status” (state registra-
tion number 0121U108237). The theoretical study was
carried out by a transdisciplinary team of scientists and
doctors from Poltava State Medical University, Shupyk
National Healthcare University of Ukraine and Lithua-
nian University of Health Sciences in accordance with
concluded memorandums of cooperation. Doctor O. Fil-
yunova took part in the research as an initiative research-
er-applicant. General scientific methods (dismember-
ment and integration of elements of the studied system,
imaginary experiment, logical, historical research, anal-
ysis, induction, deduction, and synthesis of knowledge)
and theoretical methods (method of constructing theory,
logical methods, and rules of normative nature) were
used in this theoretical study.

Results. The result of this fragment of theoretical
research was the creation of a working concept of a bio-
logical medical theory that could describe the substrate
and mechanisms of transmission of therapeutic effects
through biologically active points/acupuncture points
and PVS. The basis for this was the combination of
existing medical and biophysical knowledge about the
role of biophotons in the human body with the ideas of
traditional medicine and reflexology about the existence
of the meridian/PVS system. Based on the performed
system analysis of existing scientific knowledge, the
concept of biophotonic signaling was developed. It can
be described in a simplified form in such a conceptual
model (fig. 1).
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Fig. 1. Scheme of energy metabolism in the human
body showing the participation of biophotonic
signaling

StageE

Musculo-fascial system

Note: E is the incoherent energy of adenosine triphos-
phate (ATP). E' is the coherent energy that is formed
by the biopolymer. The dotted line on the biopolymer
indicates the oscillatory processes of the biopolymer.
Stage A is the entry of energy in the form of food into
the human body. Stage B is the digestion of food, the
assimilation of food substrates, their entry into the blood
and cells of the human body. Stage C corresponds to the
processes of ultraweak photon emission (UPE) and tis-
sue respiration in the cell, which lead to the formation of
biophotons and the ATP molecule, respectively. Stage D
occurs on membrane biopolymers (mainly striated mus-
cles) and ensures the transformation of the biochemical
energy of the ATP molecule into electromagnetic energy.
Stage E is the redistribution and transport of electromag-
netic energy from muscles to other parts of the human
body along myofascial connections (tendon meridians)
and PVS.

It should be noted that knowledge about the role of
biophotons in the human body is the basis of the concept
of biophoton signaling. Knowledge about biophotons in
the human body is a fundamentally new milestone in the
scientific understanding of the mechanisms of energy
and information interaction between cells of the human
body at all levels of its structural hierarchical organiza-
tion in vivo (Van Wijk, & Shen, 2005; Cifra et al., 2011;
Mintser et al., 2021, 2023). Biophotons are a component
of electromagnetic signaling. Biophotons perform fun-
damentally important functions in the transfer of infor-
mation and energy between tissues, in the processes
of visual perception and in higher nervous activity as
well (fig. 2) (Kobayashi & Inaba, 2000; VanWijk, 2001;
Nevoit et al., 2023, pp. 1-15; Mintser et al., 2020, pp.
1279-1283).
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Fig. 2. Key functions of biophotons

Biophotons and their emission processes have been
studied in many biological species of living organisms
(fungi, plants, etc.) (Madl, 2006; Yip, & Madl, 2006) and
in humans (Popp et al., 1992; Chang et al., 1998.; Van-
Wijk, 2001; Popp, 2005; Yip, & Madl, 2006; Bischof,
2008; Niggli, 2014). The study of biophotons in normal
(Cifra et al., 2007; M. Kobayashi et al., 2009; R. Van
Wijk, 2014; Salari et al., 2015; Tinsley et al., 2016;
Kobayashi et al., 2016; Van Wijk et al., 2020, p. 770;
Nevoit, et al., 2020, pp. 107-111) and pathological con-
ditions (Niggli et al., 2008, pp. 358-363; Van Wijk, et al.,
2013, pp. e84579; Kumar et al., 2016, pp. 00134; Usui
et al., 2019; Zapata et al., 2021; Tsuchida, & Kobayashi,
2020; Nevoit et al., 2021, pp. 1439-1444; Sun et al.,
2017) in humans is currently ongoing. According to the
new concept, biophotons are electromagnetic informa-
tion carriers. They carry information from genes about
how exactly metabolic processes in the cell should pro-
ceed, etc. Biophotons transmit this information at the
speed of light. Therefore, biophoton signaling mecha-
nisms may explain the rapid simultaneous coordination
of metabolism throughout the human body.

It has been established that biophotons carry informa-
tion and 75% of biophotons in a cell are generated in DNA
molecules (Popp et al., 1984, pp. 33-52; VanWijk, 2001;
Scaletta et al., 2001; Popp, 2006; Levin, 2014, 2021; Nev-
oit et al., 2023, pp. 1-15). Where is DNA found in a cell?
It is known that DNA is contained in the cell nucleus and
mitochondria. This is important because mitochondrial
DNA also emits biophotons and determines the biophoton
mechanisms of intracellular and intercellular signaling.
The DNA content in mitochondria is very significant due
to the fact that normally each cell can contain up to sev-
eral thousand mitochondria. Mitochondria are an impor-
tant organelle for energy production and they make up up
to 10% of the dry mass of the cell (Malina et al., 2021;
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Casanova et al., 2023). Thus, it becomes logical and clear
that it is nuclear DNA and mitochondrial DNA that are the
main sources of UPE/biophoton signaling (stage C, fig.
1). It is logical that a somatic cell, depending on the type
of tissue, contains one nucleus, but may contain a differ-
ent number of mitochondria. Therefore, the quantitative
contribution of cells of different tissues to biophoton sig-
naling should differ.

What is the further path of emitted biophotons in a
cell in vivo? Based on a systematic scientific analysis,
it was found that biopolymers of membrane structures
are the next stage of biophotonic signaling (stage G,
fig. 1). Biopolymers receive electromagnetic informa-
tion from the cell nucleus and mitochondria in the form
of biophotons and, based on it, create the parameters
of the coherent energy they generate. It is well known
that cells have electromagnetic fields that are generated
by the membrane structures of the cells. At the nano-
scale, this process is realized due to the oscillation of
membrane biopolymers. Biopolymer molecules contain-
ing anhydride radicals oscillate, converting incoherent
energy obtained from adenosine triphosphate molecules
into coherent energy (Mintser et al., 2021, 2023). This
is stage G (fig. 1). It is important to understand that the
coherent energy formed by biopolymers receives infor-
mation content from the DNA of the cell thanks to bio-
photonic signaling and forms the electromagnetic field
of the cell (biological morphogenetic field).

Vibrations of biopolymers create coherent energy.
This coherent energy has information content from
DNA. It must be transmitted further in the cell and in the
tissues of the human body. How does this happen? In the
course of a systematic scientific analysis, it was found
that electromagnetic coherent biophonic flux/solitons
can be transmitted in two main ways.

The first way of transmitting biophoton signaling is
the transition of the flow of electromagnetic coherent
biophoton energy/solitons from biopolymers of mem-
brane structures to water molecules. It has been estab-
lished that under the influence of this energy flow, water
molecules are structured into energy-intensive liquid
crystals. These crystals have a 31/21 spiral shape (Mint-
ser et al., 2021; Nevoit et al., 2022, pp. 45-57). At the
same time, water loses its fluidity and acquires special
properties of electrical conductivity, which explain the
presence of biological anomalies in water in vivo. This
makes it possible for coherent energy to be transported
through the water structures of the cellular and intercel-
lular spaces without loss (Mintser et al., 2021, 2023).
Thus, the biophysical role of water in the human body
is explained by its participation in the transmission of
electromagnetic biophoton signaling as well.
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The second way is the possible transfer of energy
and information by biophotons to the biopolymers of
the membrane structures of other cells. According to
modern biophysical concepts, cell membrane lipopro-
teins are found in membranes in a state of liquid crystals
(Nevoit, 2021; Mintser et al., 2021; Nevoit et al., 2022,
pp. 22-34). This also creates conditions for the trans-
mission of electromagnetic signals in cell membranes.
Different tissues/membrane biopolymers of different
cell types have different quantum mechanical structures.
Therefore, they can generate and conduct electromag-
netic signals in different ways. Modern biophysical
knowledge (Huang et al., 2016; Bordoni, & Simonelli,
2018; Binhi, & Rubin, 2022; Li et al., 2023) allows us to
consider the connective tissue of the body as a morpho-
logical substrate that can perform adequate translation
of the electromagnetic signal flow along throughout the
body. This is justified by the fact that the features of the
histomorphological structure of connective tissue cells
allow them to be semiconductors. Under certain condi-
tions, they can effectively transmit an electromagnetic
signal between cells, between tissues, between organs
and throughout the body.

What is the contribution of cells of different tissues
of the human body to biophotonic signaling? It is clear
that each somatic cell contains one nucleus, but the
content of mitochondria in cells can vary depending
on the type of tissue. Therefore, the cell’s contribution
to biophoton signaling can also be different. The more
mitochondria there are, the larger it will be. Which tis-
sues of the human body contain the largest number of
mitochondria? Of course, these are tissues with a high
metabolic rate. Brain cells and striated muscles contain
the largest number of mitochondria — 22% (McClave &
Snider, 2001; Park et al., 2014; Song et al., 2024). In this
case, the contribution to the general biophoton signaling
of the human body will be greater from an organ that has
a large mass, provided that the content and activity of
mitochondria are the same. The mass of the human brain
ranges from 1100 g to 1900. The mass of muscle tissue
in an adult on average should be up to 40% or up to 50%
of the total body weight, depending on age. The muscle
mass in the body of a healthy, physically developed per-
son weighing 70 kg should be about 3035 kg. Thus, it is
quite logical to believe that the total contribution of mus-
cles to biophotonic signaling should significantly exceed
the contribution of brain cells. Of course, the qualitative
contribution of the generation of biophotonic signaling
from neurons and from striated muscles should be fun-
damentally different. It can be assumed that the informa-
tion that is included in the biophoton signaling coming
from neurons is qualitatively different and it spreads,
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most likely, to a greater extent throughout the nervous
system of the body. How can electromagnetic standing
waves/solitons of biophotonic signaling propagate from
muscle cells? And what biological significance does this
biophoton signaling from muscles have?

The semiconductor properties of connective tissue fit
very logically into the presentation of the physical and
biological description of the mechanisms of transmis-
sion of electromagnetic energy, which is formed during
the contraction of striated muscles (stage D fig. 1). It
is important to understand that muscle activity and the
energy generated in the muscles is intended to provide
the energy needs of the entire body as a whole. This is
the biological meaning of physical activity for the func-
tioning of the body. It is well known that regular physi-
cal activity provides an energizing effect on the human
body (San-Millan, 2023). Physical inactivity and immo-
bility have a negative impact on the metabolism and
functional state of the human body (Nevoit et al., 2021,
pp. 132—137). A decrease in the amount of muscle tissue
leads to a deterioration in the provision of energy metab-
olism processes throughout the body (Chen et al., 2023;
Always et al., 2023). This is confirmed by the results
of studies analyzing electrophoton emission in patients
with NCDs and functionally healthy people (Nevoit et
al., 2021, pp. 1439-1444).

Regular physical activity increases the overall energy
requirements of the human body. This leads to the fact
that the mitochondrial content increases in myocytes
with regular training and mitochondria can become
hypertrophied (McTiernan et al., 2019; Gremmingera et
al., 2021). Thus, it is very important to understand the
fact that it is in the myocytes of striated muscles that
the final stage of the body’s energy metabolism occurs:
energy consumption/utilization. The biological role of
muscles is to participate in the final stage of metabo-
lism and ensure the processing of the ATP molecule as
the final chemical carrier of energy into electromagnetic
energy (stage E, fig. 1). Then, according to the funda-
mental laws of physics, electromagnetic energy is trans-
formed by the cells of the human body into other types
of energy: mechanical energy (body movement), thermal
energy (infrared radiation of the body), acoustic energy
(wave processes in the body in the frequency range that
is perceived by humans as sound), etc.

How can the electromagnetic energy of biophotonic
signaling be transmitted throughout the body? Carrying
out its key biological role of providing energy to the
body, the striated muscles of the human body produce
electromantic energy. The amount of this generated
energy exceeds the energy needs of the local muscles
in which it was produced. It is quite logical that at the
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level of the body there should be systems for transfer-
ring this energy to other parts of the body, to other cells
and redistributing energy between them. Therefore, the
fascial system and myofascial synkenesis are ideal can-
didates for this role due to the semiconductor properties
of connective tissue. The correctness of this concept is
confirmed by many studies that demonstrate the coin-
cidence of the course of ancient eastern meridians with
certain muscle chains. These chains have been called
myofascial synkinesis or “muscle trains” (Myers, 2020;
Guntinas-Lichius et al., 2022).

Connective tissue also has a very diverse histomor-
phological presentation in the body and the representa-
tion of mesenchymal cells of different structures in tis-
sues and organs. Therefore, fascial theory alone cannot
explain all the nuances of the possible transfer of energy
along the meridian system. In particular, it does not fully
explain the presence of biologically active points on the
skin with a direct connection to specific organs (key
points) (Stefanov, 2022), etc.

As already noted, the existence of energy channels/
meridians is scientifically proven. Energy channels have
been repeatedly visualized (Stefanov, & Kim, 2015;
Potyazhenko & Nevoit, 2019; Zhang et al., 2008). The
discovery and proof of the fact of their existence took
over half a century. Now in science, the histological
structures of the energy channels of the human body
have received the status of a separate system, which was
called the primary vascular system (PVS) (Stefanov et
al., 2013). What is the role of PVS in the transmission of
biophotonic signaling in the human body?

Plants (Okabe, 2024), animals, and humans (Ste-
fanov et al., 2013) have PVS. The mammalian PVS has
an extensive vascular system that is fundamentally dif-
ferent in structure and function from the circulatory and
lymphatic vascular systems. Based on existing scientific
evidence, we have made the following simplified con-
ceptual description of PVS.

PVS is localized throughout the body on the surface
and inside all organs, blood and lymphatic vessels, in
the internal and peripheral nervous system, and in the
skin. Anatomically, the PVS has two main structural ele-
ments: primo-vessels and primo-nodes. A primo vessel is
a bundle of 1-20 subvessels with a diameter of 3-25 pm,
which are surrounded by an outer shell. The pri-
mo-nodes are elements of various shapes (round, oval
or polyhedral) with a diameter of 0.1-1.6 mm. The node
includes a bundle of incoming (afferent) vessels, which
branches into additional bundles and fills the inside of
the node with tightly twisted and folded bundles. The
subvessels converge and exit the node as efferent pri-
mordial vessels. The expanded subvessels inside the
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node are the sinuses of the node and they carry microe-
lements — the precursors of multipotent stem cells. Rows
of primo-nodes and vessels form a system that consists
of a large number of channels. Each channel is associ-
ated with a separate organ. Moreover, some authorities
may have connections with a different number of chan-
nels. The channel may start from a superficial node;
then, after connecting in series with several deep nodes,
it connects to the intraorgan terminal node and is then
closed by a channel returning to the superficial node.
The canals are filled with fluid that transports precursors
to multipotent stem cells (microcells), hormones, amino
acids, lipids, sugars, proteins and hyaluronic acid. Pro-
genitor stem cells develop into multipotent stem cells in
the sinus nodes. After entering an internal organ, they
differentiate into new organ-specific cells. In turn, aged
(or damaged) organ cells are converted into microele-
ments. The PVS circulates a fluid that has been called
«primo fluid». Its flow is slower than blood flow and
lymphatic flow. The primary fluid flows in one direc-
tion, accompanying the blood flow. Fluid flow depends
on heart rate and pressure, blood and lymph. PVS fluid
contains DNA outside the cell nucleus. The biochemical
components of Primo fluids are DNA, RNA, nitrogen,
fats, reducing sugars, hyaluronic acid, 19 free amino
acids and 16 free mononucleotides. The flow routes are
interconnected but relatively independent. Primo fluid
circulates only in a specific area, but it can also be trans-
mitted through connections to other routes. Primo ves-
sels consist of endothelial cells with rod-shaped nuclei,
smooth muscle cells and adventitia. Subvessels contain
fibrous structures and amorphous substances. The mem-
brane surrounds the entire primo vessel (Kwon et al.,
2012; Leeetal., 2007; Kim et al., 2011; Lee et al., 2004;
Hossein et al., 2011; Scholkmann et al., 2019).

Of interest to science are the results of a study of the
role of PVS in the transmission of electromagnetic sig-
nals in the human body (stage E, fig. 1). Stimulation of
the superficial PVS nodes using acupuncture or osteo-
pathic manipulative techniques has been found to send
electrical signals, hormones, and multipotent stem cells
to the associated organ. These mediators support organ
stimulation and regeneration (Schlebusch et al., 2005).
The structure of PVS vessels resembles the operating
principles of optical fiber. The PVS functions as an opti-
cal channel for the emission of biophotons. Free DNA in
primo liquid can act as both a photon store and a coher-
ent emitter. Bioelectric signals of PVS endothelial cells
are similar to those of smooth muscle cells (Park, 2009).
All primo-vessels have a collagen shell, which prevents
the emission of photons emanating from biomolecu-
lar sources (Stefanov, 2012). This property of collagen
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makes it easier to tune photon emission throughout
the body (Kim et al., 2007). This confirms the fact that
metabolism is regulated by the photon field (Soh et al.,
2011). Therefore, it is now generally accepted that PVS
is a photovoltaic system for the rapid transmission of
an electromagnetic biophotonic signal, in which biopho-
tonic signaling occurs at the speed of light. This explains
the immediate effect throughout the human body after
puncture of acupuncture points (Lee et al., 2006; Kwon
et al., 2007; Soh et al., 2004, pp. 1196e1198.; Lee et al.,
2011, pp.1e7).

Thus, PVS is the missing link that explains the mech-
anisms of action of reflexology through trigger biologi-
cal active points / “key points to the organ” and the final
stage of the transfer of electromagnetic energy through-
out the human body. Therefore, in fig, 1, stage E corre-
sponds to the processes of distribution of coherent elec-
tromagnetic biophoton energy in the human body along
the fascial system and PVS. In our proposed working
concept of the model, the main source of biophotonic
signaling is muscle tissue, and it is this tissue that is pre-
sented in this diagram when describing stage E.

Discussion. The concept of biophotonic signaling
we presented is a significant addition to existing medical
knowledge. The concept of biophotonic signaling fills a
theoretical gap in the understanding of many fundamen-
tal issues in the functioning of the human body regarding
the fact of how exactly information from DNA can be
conveyed to each molecule in vivo. Biophotonic signal-
ing is a flow of electromagnetic biological signals from
DNA that shapes and adjusts metabolic processes and
cell development in various parts of the body. Therefore,
the concept of biophotonic signaling logically explains
the mechanism of formation of the biological morpho-
genetic field, thanks to the electromagnetic influence of
which the processes of differentiation, development and
completion of the life cycle of cells occur. For example,
thanks to the biophotonic mechanism of cell communi-
cation, a stem cell or a newly emerged cell during divi-
sion will fall into this local electromagnetic field of cells
in a region of body tissue, and they will receive infor-
mation from it for their metabolism and development.
Thus, the molecules of all cells in vivo receive regulatory
information through electromagnetic biophotonic signa-
ling, which controls their development and metabolism.
This is the biological significance of biophoton signal-
ing for cell life in vivo. Thanks to biophotonic mecha-
nisms, important information from DNA that determines
the course of metabolic reactions can reach other cel-
lular structures at the speed of light. For example, into
cell biopolymers, which are localized in the membrane
structures of the cell. Therefore, the concept of biopho-
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tonic signaling explains the mechanisms of simultane-
ous coordination of many biochemical reactions that
constantly occur in the cells of the human body. At the
same time, the concept of biophotonic signaling does not
contradict the existing knowledge of orthodox medicine,
but it is built on their basis and organically fits into the
existing scientific paradigm, complementing it.

Within the framework of the goals of the World
Health Organization to study the mechanisms of effec-
tiveness of traditional medicine and reflexology, the
concept of biophotonic signaling is the link that com-
bines the existing knowledge of traditional medicine
and reflexology about the existence of energy channels
and the movement of energy throughout the body with
the ideas of orthodox medicine about metabolism in the
human body. This concept describes the final stage of
energy metabolism, which consists in the transformation
of incoherent energy, the carrier of which is the ATP mol-
ecule, into coherent energy formed by biopolymers of
the membranes of human body cells. Biophotonic signa-
ling mechanisms from DNA molecules fill the informa-
tion component of this energy formed by biopolymers.
This energy is then transferred through biopolymers
and water clusters at the cell level. At the body level,
the movement of this energy occurs through the fascial
system of the body and through the channels of the PVS.

Conclusions

1. At the nano-level, biophoton signaling is an
important electromagnetic mechanism of intercellu-
lar communication, which ensures the information
transfer of genetic information from DNA molecules

to all molecules and cells of the body, participates in
the creation of biological electromagnetic fields at all
hierarchical levels and provides the electromagnetic
basis of the phenomenon of life.

2. At the level of the organism, biophotonic signaling
is an important part of energy exchange in the human
body and ensures the implementation of reflex connec-
tions between organs through myofascial connections
and the primary vascular system, which topographically
correspond to the meridian system of traditional medi-
cine.

3. The primary vascular system is a new anatomical
system that is fundamentally different from the circu-
latory system and the lymphatic system of the human
body, which is histomorphologically adapted to trans-
mit the electromagnetic biophoton signal according to
the optical fiber principle at the speed of light and is the
morphological substrate of the meridian system of tradi-
tional medicine.

4. The concept of biophoton signaling complements
modern ideas about energy exchange in the human
body, does not contradict them, logically substantiates
the participation in the processes of transmission of elec-
tromagnetic energy of the primary vascular system and
explains the fundamental aspects of the role of electro-
magnetic processes in the realization of the phenomenon
of human life.

Biophotonics of the human body and the study of the
role of biophotons are promising directions for further
scientific research. Research to further clarify the role
of the primary vascular system in the functioning of the
human body and its individual organs should be contin-
ued.
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THE ROLE OF SEXUALLY TRANSMITTED INFECTIONS IN THE ONSET
AND DEVELOPMENT OF CHRONIC BACTERIAL PROSTATITIS

Actuality. Emphasizing the role of sexually transmitted infections (STIs) in the development of chronic bacterial prostatitis.

The purpose of the study is to analyze the role of STIs in the onset and development of an inflammatory process in the prostate
gland.

Materials and methods. The study included 375 patients with chronic prostatitis. The average age of patients is 24.8 £2.4 years.
Duration of the of the inflammatory process in the prostate gland for 1-3 years was 217 (32.0%), 4-6 years was 217 (57.9%), and
7—10 years was 38 (10.1%). Exacerbations of chronic disease occurred 1-2 times a year in 225 (60.0%) and 3—4 times a year in
71 (18.9%) patients. Physical, instrumental and specific laboratory tests are provided for by the regulations of the Ministry of Health
of Ukraine.

Results. A comparative analysis of the course and clinical and morphological manifestations of urogenital pathology in patients.
STI was detected in 252 (67.2%) patients with chronic prostatitis. The anamnesis established in 294 (78.4%) patients with chronic
prostatitis was the sanitation of STIs prescription of a dermatovenerologist, urologist or treatment on the recommendation of a sexual
partner. Among the identified infectious agents, a mixed chlamydial-trichomonas infection prevailed. The combination of STIs with
enterobacteriaceae was detected in 272 (72.5%) patients and in 74 (19.7%) with staphylococci. In 30 (8%) patients with chronic
prostatitis had a monoinfectious agent.

Conclusion. The most important sign of chronic prostatitis in men of the most sexually active age (18 to 42 years) is urethrogenic origin
caused by chlamydial, trichomonas, ureaplasma and other urogenital infections, as well as their associations with opportunistic pathogens.

Key words: bacterial prostatitis, sexually-transmitted infections, transrectal ultrasound examination, chronic kidney disease,
prostate-specific antigen, chlamydia, trichomoniasis, vasocongestion.
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POJIb IH®EKIIIA, AKI IEPEBAKHO IMEPEJAIOTHCS CTATEBUM ILJIAXOM, ¥V
BUHHUKHEHHI TA PO3BUTKY XPOHIYHOI'O BAKTEPIAJIBHOI'O TIPOCTATUTY

Axmyanvuicmo. Axyenmysanns poni ingexyitl, sxi nepedaromocs cmamesum uiisixom (IICIIL) y po3eumky GUHUKHEHHS XPOHIY-
H020 bakmepianbHO20 NPOCMAMUmy.

Mema Oocnioxcenna — npoananizyeamu poins iHgekyil, AKi nepeoaomvcs Cmamesum WIAXOM, y GUHUKHEHHI ma pOo36UMKY
3ananbHO20 npoyecy y NepeomMixyposiil 3a103i.

Mamepian i memoou. I1io cnocmepesicennam nepebysano 375 xeopux na xponiunuii npocmamum. Cepeouiil ik nayicnmie —
24,8+2,4 poky. Tpusanicme 3ananviozo npoyecy 6 nepeomixyposiii 3ano3i 1-3 poku cmanosuna 217 (32,0%), 4—6 pokie — 217 (57,9%),
7—10 poxie — 38 (10,1%) nayienmis. 3acocmpenns xponiunoeo npocmamumy sunukaiu 1—2 pasu na pix y 225 (60,0%,), 3—4 pasu na
pix —y 71 (18,9%) nayienma. Dizuxanvnui, incmpymenmanvui ma cneyugiuni nabopamopui 0ocuiodicents nepeddaveno Hopmamueg-
numu akmamu MO3 Vkpainu.

Pezynomamu oocnioscenns. [lposedeno nopieHsibHULL anaiz nepedicy ma KAHIKO-MOPHOIOSIHHUX NPOSAEI6 YPOLEHIMAIbHOI Namo-
noeii' y nayienmis. IIICLL eusngneno y 252 (67,2%) xeopux na xponiunuti npocmamum. 3iopanuii anammnes ycmanosug y 294 (78,4%)
nayienmis iz XpoHiuHUM npocmamumom ¢pakm canayii inghexyii, wo nepeoacmvpca Cmamesum WLIAXoOM, 3a NPUSHAYEHHAM 0epMamoseHe-
ponoza, yponoea abo JKye8aHHs 3a pekomenoayicio cmamesozo napmuepa. Ceped susigieHux 30y0HUKI8 THpeKyil nepeeaicana 3Miuana
xXaamioitino-mpuxomonaouna ingexyis. Illoeonanna IIICIL 3 mikpoopeanizmamu muny enmepodaxmepiii suasneno y 272 (72,5%) xeopux
may 74 (19,7%) — cmaginokoxamu. Y 30(8%,) xeopux na xponiunuii npocmamum 6us61eHo MOHOIHGeKyitinull azenm.

Bucnosok. Hatibinbu 8axciugoro 03HAKo0 XpOHIYHO20 NPOCMamumy y 40J106IKi6 Haubbil CeKCYAIbHO aKMUeHo20 6Ky (610 18 0o
42 pokis) € ypempozenne noxo0NCenHs, CHPUYUHEHE XAAMIOIUHOI0, MPUXOMOHAOHOIO, YPEeanniasmosoio ma iHUUMU YPO2eHIMaTbHUMU
iHghexyiamu, a makoc ix acoyiayiamu 3 yMOSHO-NAMO2EHHUMU MIKPOOP2AHIZMAMU.

Knrouogi cnosa: 6axmepiansruii npocmamum, ingexyii, ki nepedaromvcs Cmameum Wiiaxom, mpaHcpekmanvHe YibmpaseyKose
00CIOAHCEHHS, XPOHIUHA X80POOA HUPOK, NPOCMAMCheYUpIuHUL AHMUSEH, XA1AMIOI03, MPUXOMOHIA3, 86A30KOH2ECIAL.
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Actuality. The high prevalence and problems in the
treatment of patients with inflammatory diseases of the
genitourinary system are often associated with not fully
understood aspects of their origin and development
(Jianzhong et al., 2020; Motrich et al., 2018; Papes et
al., 2017).

Chronic bacterial prostatitis (CBP) affects 20—45%
of men with reduced sexual activity and significantly
changes the quality of life. One of the main causes of
inflammatory diseases of the genitourinary organs is
various associations of infections, mostly sexually trans-
mitted infections (STIs), such as Chlamydia trachoma-
tis, Trichomonas vaginalis, Mycoplasma, Candida, Her-
pes, Papillomavirus. These infectious agents differ in
their biological properties, but they lead to the formation
of approximately the same lesions of the genitourinary
system, which makes it possible to combine them into
one group according to clinical characteristics and study
the role of these pathogens in the onset and development
of diseases (Etienne et al., 2019; Jianzhong et al., 2020;
Papes et al., 2017; Schuppe et al., 2017).

The prevalence of urogenital infections varies con-
siderably among different age groups in different regions
of the world, but these diseases are widespread every-
where (Jianzhong et al., 2020; Papes et al., 2017).

The consequences of STIs in the form of chronic
inflammatory diseases lead to the development of pros-
tatitis, epididymitis and other urogenital and systemic
diseases, which significantly affect the reproductive
function of men (Cai et al., 2017; Diudiun et al., 2021;
Schuppe et al., 2017).

Given the ability of each of the STIs and their asso-
ciations to cause similar inflammatory diseases of the
genitourinary system, the main task of medical tactics
is timely laboratory diagnosis of the infectious agent
and its prompt elimination (Bielecki et al., 2020; Cai et
al., 2017; Ghobish et al., 2020; Jianzhong et al., 2020;
Schuppe et al., 2017).

The spread of STIs is regulated by certain mecha-
nisms, which include the properties of the pathogen, its
virulence, immune characteristics (susceptibility of the
population to the disease), and the specifics of the path-
ogen transmission mechanisms. (Jianzhong et al., 2020;
Sheng-Jing et al., 2022).

Microbial associations contribute to the adaptation
of the pathogen to intracellular parasitism and increase
the pathogenicity of each pathogen, as well as its resist-
ance to the human immune system and antibiotics. In
the presence of a mix-infection, residual phenomena
are often formed, which are difficult to correct and have
more severe manifestations [Papes et al., 2017; Su et al.,
2020; Toth et al., 2018].

®diroTepanis. Yaconuc

As a result of evolution, Trichomonas vaginalis has
adapted to a special type of parasitism. Tr. vaginalis is
capable of infecting the mucous membranes of the geni-
tourinary system, as well as the epithelium of the genital
skin, causing ulcerative and erosive processes. Penetrat-
ing into the urethra, the protozoal agent spreads over the
surface of the mucous membranes and then enters the
subepithelial connective tissue through the intercellular
spaces, causing an inflammatory reaction. The inflam-
matory process is enhanced by the action of proteolytic
substances on epithelial cells and subepithelial tissues
produced by Trichomonas vaginalis. Spreading through
the urethral mucosa, Trichomonas infect the lacunae and
glands, penetrate the lymphatic spaces and blood ves-
sels, and are transferred to the gonads, causing inflam-
matory changes. The normal state of the vascular walls is
disturbed and abundant migration of leukocytes begins
with infiltration of the upper layers of the subepithelial
tissue. The urethral mucosa is infiltrated, thickens, loses
elasticity, and bleeds easily. The cavities of the glands
and excretory ducts are filled with leukocytes and vari-
ous microorganisms [Sheng-Jing et al., 2022; Su et al.,
2020; Zegarra et al., 2018; Zilbermana et al., 2017].

As the blood flow is obstructed and slowed down,
microcirculation and transcapillary metabolic processes
are disrupted. This leads to the development of morpho-
functional changes in the pelvic organs, urodynamic
disorders, which have various clinical manifestations.
These changes create conditions of high vulnerability
even for infectious agents with low virulence [Curtis et
al., 2019; Paez-Canro et al., 2019; Zegarra Montes et al.,
2018; Zilbermana et al., 2017].

Purpose. To study the role of various STIs on the
course of chronic bacterial prostatitis (category II).

Material and methods. We studied 375 patients
with chronic kidney disease (CKD) aged 19 to
42 years. The average age of the examined patients was
24.842.4 years. The duration of the inflammatory pro-
cess in the prostate was 1-3 years in 120 (32.0%),
4-6 years in 217 (57.9%), and 7-10 years in 38 (10.1%)
patients. Exacerbations of CKD were 1-2 times per
year in 225 (60.0%), 3—4 times per year in 71 (18.9%)
patients. After the first complex treatment, 79 (21.1%)
of the patients we observed had no exacerbation of the
inflammatory process in the prostate.

The study was conducted in accordance with the
principles of bioethics set forth in the Helsinki Declara-
tion for Ethical Principles for Medical Research Involv-
ing Human Subjects and the Universal Declaration on
Bioethics and Human Rights (UNESCO). The Medical
Ethics Committee of the Municipal Nonprofit Enter-
prise «City Clinical Hospital No. 16» of the Dnipro City
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Council approved the study, and each subject signed an
informed consent form before the start of the study.

The diagnosis of CKD was made on the basis of
patient complaints, anamnestic data, clinical manifesta-
tions, generally accepted methods of urological exam-
ination and microbiological examination of biological
materials. Bacterioscopic, bacteriologic, immunologic,
and molecular biologic methods were used to identify
infectious agents. To exclude the possibility of malig-
nant lesions of the prostate gland, the level of serum
prostate-specific antigen (PSA) was determined in the
patients under observation. All patients underwent gen-
eral clinical examinations and, if indicated, consulta-
tions with other specialists.

When examining patients with CKD, we took into
account the standard, which includes four symptom com-
plexes of this disease: pain, dysuria, and disorders of the
reproductive system. Each of these symptom complexes
was considered as the only one or was the main one in the
complex of clinical manifestations of the disease.

Patients underwent ultrasound examination using an
ACUSON 128 XP/10 ultrasound scanner and an Aloka
SSD-1400 ultrasound scanner with a 3.5 MHz convec-
tion transducer for transabdominal scanning. Transrectal
examination in halftone mode was performed according
to the generally accepted method.

To detect abnormalities in prostate hemodynamics,
the method of transrectal ultrasound Doppler (TRUSDG)
with color mapping was used on the Acuson Sequoia 512
(Japan) with a 7.0 MHz sensor. To assess arterial blood
flow in the prostate gland, the quantitative angular
parameter of peak (maximum) systolic velocity (Vmax.)
was used in relation to the central zone (blood flow in
the prostatic and urethral arteries) and the peripheral
zone of the prostate (blood flow in the capsular arter-
ies). The average blood flow velocity was used to assess
venous blood flow.

To assess peripheral resistance, the calculated Pursil-
lot's resistivity index (IR) was used. Statistical processing
of the study results was performed using the method of
biometric analysis implemented using licensed software
packages Excel-2003® Statistica 6.1 (StatSoft Inc., serial
number AGAR909E415822FA) [Papes et al., 2017].

Research results and discussion. In most cases,
the inflammatory process in CKD proceeds as primary
chronic. Patients complained of generalized weakness,
fatigue, and subfebrile temperature.

Lower abdominal and perineal pain was reported by
296 (78.9%) patients. According to various authors, pain
in prostatitis is one of the leading clinical symptoms
and reaches 82% [Nathan et al., 2021]. The localization
and intensity of pain in the patients we examined were
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mosaic in nature. The pain increased during prolonged
sitting, defecation, and physical activity. More than 30%
of patients with chronic prostatitis (CP) reported a feel-
ing of incomplete bladder emptying.

Among the dysuric disorders fig. 1, which were
reported by our patients, were: 315 (84%) — polakiuria,
326 (86.9%) — nocturia, 195 (52%) — sluggish urine out-
put, 67 (17.9%) — stranguria. The manifestations of dysuric
disorders in our patients with CKD are caused not only by
urethral inflammation, but also by the involvement of the
bladder neck in the process. According to the literature,
urinary disorders overwhelmingly accompany the clinic of
prostatitis and are also a leading clinical symptom [Imothy
et al., 2016; Lin et al., 2023; Schuppe et al., 2017].

| 4
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Fig. 1. Frequency of dysuric disorders among
the examined patients

Finger rectal examination of the prostate revealed
its enlargement in 322 (85.9%) patients, decreased tone
in 247 (65.9%) patients, compaction and retraction of
the gland in 183 (48.8%), and doughy consistency of
the gland in 22 (18.9%). Palpation of the prostate was
painful in 262 (69.9%) patients, and smoothness of the
interlobular furrow — in 116 (30.9%). Changes in the
prostate during finger rectal examination, characteristic
of CP, range from 20.5% to 68% according to studies by
various authors [Bielecki et al., 2020].

The study of prostate express in 332 (88.5%) patients
revealed the presence of more than 10 leukocytes in the
high-magnification field, and in 225 (60.0%) patients —
a reduced number of lecithin grains. In all the studied
cases, the titer of bacterial contamination of the prostate
express was diagnostically significant (> 103 CFU/ml).

Carefully and purposefully collected anamnesis
made it possible to establish in 294 (78.4%) patients
with CKD the fact of STI sanitation as prescribed by a
dermatovenerologist, urologist or treatment on the rec-
ommendation of a sexual partner.

A comprehensive examination of 375 patients with
CKD revealed STIs in 252 (67.2%) patients (fig. 2). Mixed
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chlamydial-trichomonas infection prevailed among the
identified pathogens. The combination of STIs with micro-
organisms such as enterobacteriaceaec was detected in
272 (72.5%), and in 74 (19.7%) — with staphylococci. Only
30 (8%) patients with CP had a monoinfectious agent.

80,00%

70,00% A

60,00%

50,00%

40,00%

30,00%

20,00%

10,00%

0,00%

monoinfectious
agent

STIs enterobacteria staphylococci

Fig. 2 Frequency of exposure to infectious agents
in patients with chronic prostatitis

Obligate chlamydial infection is characterized by an ini-
tially asymptomatic or slightly asymptomatic course, and
therefore is often diagnosed late or with the development of
residual effects. Moreover, in men, total damage to the ure-
thra and prostate gland is usually observed during this period.
It should also be noted that trichomoniasis of the genitouri-
nary tract is very often the cause of the onset and develop-
ment of prostatitis. The latter is due to the fact that in men,
the prostate gland and seminal vesicles are a frequent habitat
for trichomonads. In this case, clinical signs of the disease
can be extremely scarce or completely absent for a long time.
Despite the prolonged asymptomatic course of chronic pros-
tatitis caused by Trichomonas, the pathogenicity of Tr. vag-
inalis persists and is transmitted to the sexual partner. Peri-
odic, so-called «causeless» urethritis is possible throughout
the course of CKD. The absence of an epidemiologic history
of «causelessy urethritis has created a condition under which
this group of patients is not given due attention. According to
a number of authors, mixed infection in patients with prosta-
titis is detected in 12.3 to 78.4% of cases [Curtis et al., 2019;
Su et al., 2020; Toth et al., 2018].

Transrectal ultrasound (TRUS) in 311 (82.9%)
patients revealed an increase in the size of the pros-
tate, in 42 (11.2%) — normal size and in 22 (5.9%) — a
decrease in the size of the gland.

Ultrasound Doppler revealed vascular architectural
disorders in 327 (87.2%) patients: in 263 (70.1%) —
decreased vascularization, in 75 (20.0%) — increased vas-
cularization, and only in 37 (9.9%) — normal prostate
vascularization. Hemodynamic disorders in patients
with CKD were observed both with normal prostate size
and with its enlarged size. Hemodynamic disorders of
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the prostate gland prevail in patients with enlarged pros-
tate. According to E.Zilberman's research, foci of sclero-
sis, heteroechoic heterogeneity, increased prostate size,
local and diffuse changes in prostate hemoperfusion are
detected in 69.2% to 79.8% of cases [Cai et al., 2017].

Thus, in the examined patients, an increase in prostate
size was associated with vasocongestion, and a decrease in
prostate size was associated with the development of fibro-
sis in certain areas of the gland with a more pronounced
process in the peripheral zone. Changes in hemodynamics
in the venous vessels reflect the presence of vasocongestive
phenomena and contribute to the maintenance of chronic
inflammation of the prostate gland and its relapses.

Changes in the prostate suggest the presence of
pre-existing foci of the infectious and inflammatory pro-
cess. Chronic prostatitis occurs, as a rule, in patients with
infectious urethritis who have not received treatment or
have received therapy insufficient to completely destroy
the infectious agent and restore the mucous membrane.

In cases of a combination of congestion and an infec-
tious factor, the so-called infectious nonspecific or spe-
cific (with chlamydia, trichomoniasis and other micro-
bial pathogens) prostatitis develops.

Thus, according to the results of our study, the most
important feature of chronic prostatitis in men of the
most sexually active age (18 to 42 years) is its urethro-
genic origin, which is caused by chlamydia, tricho-
monas, ureaplasma and other STIs as their association
with opportunistic pathogens.

Conclusions

1. The results of a comprehensive examination of
patients with chronic prostatitis and epidemiologi-
cal analysis suggest the role of sexually transmitted
infections in the onset and development of pathologi-
cal processes in the prostate gland in men of the most
sexually active age. A comprehensive examination of
375 patients with chronic prostatitis revealed sexually
transmitted infections in 252 (67.2%) patients. Mixed
chlamydial-trichomonas infection prevailed among
the identified pathogens. The combination of sexually
transmitted infections with microorganisms such as
enterobacteriaceae was detected in 272 (72.5%), and in
74 (19.7%) — with staphylococci. Only 30 (8%) patients
with chronic prostatitis had a monoinfectious agent.

2. All patients with chronic prostatitis and their
sexual partners, especially young men, should be
re-examined for sexually transmitted infections.

3. Implementation of the rule «failure to detect an
infectious agent in a sexual partner does not exclude
a diagnosis» will contribute to both early detection
and eradication of sexually transmitted infections
and prevention of chronic prostatitis.
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INTEGRATED BIOCHEMICAL DETERMINATION OF THE THERAPEUTIC
AND PREVENTIVE EFFECTIVENESS OF HERBAL REMEDIES FOR LIVER DAMAGE
IN RATS THAT CONSUMED FRIED SUNFLOWER OIL

Actuality. For an objective assessment of the therapeutic and preventive effectiveness of phytopreparations, especially when
developing new drugs, it is necessary to use several markers of pathogenicity. It is established that a number of factors take part in
the development of the pathological process in the body: microbes, peroxidation processes, activation of proteolysis, reduction of the
level of protective systems (antioxidant, protease inhibitors, immune system). The nature of changes in indicators of these systems and
factors makes it possible to evaluate the therapeutic and preventive effect of herbal preparations for various diseases.

The aim of the study. To conduct a comparative assessment of the therapeutic and preventive effectiveness of new multifunctional
anti-dysbiotic phytopreparations in the liver of rats that consumed fried sunflower oil.

Material and methods. Fried sunflower oil (FSO) was obtained by thermal peroxidation in the presence of a catalyst. FSO was
added to the feed in the amount of 2 g/kg. As phytopreparations, we used multifunctional anti-dysbiotic agents with the content of
prebiotics, antioxidants, protease inhibitors and lysozyme, namely kvertulin, lequin, lekasil and lysozyme-forte.

Rats received FSO during the 75 days of the experiment, and herbal preparations in a dose of 300 mg/kg, starting from the
31st day of the experiment. After euthanasia of the animals, on the 76th day of the experiment, the level of biochemical indicators
of pathogenicity was determined in the liver: activity of urease, elastase, and malondialdehyde (MDA) content, as well as the level
of biochemical indicators of protective systems: activity of lysozyme, catalase, and the antioxidant-prooxidant index of API. The
percentage of increase in the level of pathogenicity markers and the percentage of decrease in the level of protection markers were
calculated. The sum of these indicators (in%) testified to the state of pathology of the liver under the conditions of the action of FSO.
Similarly, the state of pathology was determined under the action of phytopreparations against the background of consumption of
FSO. Therapeutic and preventive effectiveness (TPE) was estimated according to the formula TPE = PE P, 100%, where: PE, —is the
pathogenic effect of FSO; PE, — is the pathogenic effect of FSO against the background of the phytoprepdration.

Research results. The use of phytopreparations to a certain extent reduces the growth of pathogenicity indicators, inhibits the
decrease in the level of protection markers. According to the sum of these indicators, lysozym-forte (32,8%), followed by kvertulin
(20,4%) and lekasil (18,9%) revealed the largest TPE.

Conclusion. 1t is recommended to use phytopreparations lysozyme-forte or kvertulin for the prevention of liver damage when
consuming FSO. Further research is needed to develop more effective phytopreparations.

Key words: liver, fried oil, phytopreparations, methods of determining therapeutic and preventive effectiveness.
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KOMIIVIEKCHE BIOXIMIYHE BU3HAYEHHS
JIKYBAJIBHO-IPO®LIAKTHYHOI EGEKTUBHOCTI ®ITO3ACOFIB
IIPU YPAXKEHHI NEYIHKH YPIB, AKI CIIOKUBAJIU CMAKEHY COHAIIHUKOBY OJITIO

Axmyanvricms. /{15 06 exmuenol oyinku 1iKy8anbHO-npoginakmuunol echexmuernocmi himonpenapamis, 0coonuso nio uac pos-
pobnenns HogUX npenapamis, HeoOXIOHO BUKOPUCMOBYBAMU 0EKibKA MApKepie namoenHocni. Yemanogneno, wjo y po3gumky namo-
JI02iuH020 npoyecy 8 opeanizmi bepe yuacmv HU3KA YUHHUKIG: MIKpOOU, npoyecu nepokcuoayii, akmueayis npomeonisy, SHUMCEeHHs
PIBHSA 3aXUCHUX cucmeM (AHMUOKCUOaHmuU, IHei6imopu npomeas, IMyHHa cucmema). Xapaxmep 3MiH NOKA3ZHUKIE YUX cucmem i YUHHU-
Ki6 0ae MOJCIUBICIb OYIHIOBAMU NIIKYBATIbHO-NPOGLIaKmuyHy 0ito (himonpenapamie npu pisHUX 3axX60PHO6AHHSIX.

Mema 0ocnidsycenna — npogecmu NOPiGHANbHY OYIHKY JMIKYEANbHO-NPOPINIAKMUYHOT egheKmusHocmi HOBUX NONIDYHKYIOHATLHUX
AHMUOUCOIOMUYHUX imonpenapamis y nevinyi wjypis, Ki CHONCUBATU CMANCEH) COHAUHUKOBY OIII0.

Mamepian i memoou. Cuadsiceny consiunurxogy onito (CCO) ompumysanu wiaxom mepmonepokcuoayii y npucymmocmi kamari-
samopa. CCO 6800unu 0o cknady kopmy 6 kinokocmi 2 e/ke. Ak ¢himonpenapamu uxopucmano po3poodieHi Hamu noaiQyHKYioHATbHI
aHmMuoOucOiomuyHi 3acoou 3 yMicmom npediomuxie, aHMUOKCUOAHMIS, T30yumMy ma iH2iOimopie npomeas, a came: KGepny/iH, J1eK6iH,
nexkacun i rizoyum-gopme.

Lypi ompumysanu CCO enpooogac 75 Onie docnioy, a gpimonpenapamu — y 003i 300 me/xe, nouunarouu 3 31-20 OHA 00Cnioy.
Iicna eemanaszii meapun Ha 76-ui OeHb 00CAIY 8 NeUiHYl BUHAUANU PIGeHb OIOXIMIYHUX NOKAZHUKIE NAMOL02II: AKMUSHICMb ypeasu,
enacmasu ma emMicm ManiorHo8o2o oianvoezioy (MIA), a maxooic pieeHb OIOXIMIUHUX NOKAZHUKIE 3AXUCHUX CUCTEM: AKMUBHICMb 1i30-
yumy, kKamanasu i GHMUOKCUOaHmuo-npookcuoanmuuil inoexc AIIl. Pospaxogysanu 6iocomok 30inbuieHHs pieHa Mapkepie namonozii
ma 8i0COmMoK 3HudICeH s piens mapkepie 3axucnty. Cyma yux noxkasHuxie (v%) ceiouuna npo cman namonozii neuinku 6 ymosax oii
CCO. Ananoziyno eusnauanu cman namozennocmi 3a 0ii pimonpenapamis na mai cnosxcusanns CCO. Jlikysanvno-npoghinaxmuumy
eppexmusnicmo (JIIIE) oyintosanu 3a ¢opmynor JINE = @- 100%, pe. [/, — namozenna ois CCO; I/, — namozenna dis CCO na
mni ¢himonpenapamy. e

Pezynomamu docniocennn. Yemanosneno, wo nio uac cnosxcusanus CCO y neuinyi wypie 3uauno (v comui pasis) spocmae
AKMUBHICMb ypeasu, wjo ceiouums npo Mikpoone oOCIMeHIHHA, | CYMmMEBO 3pOCMAE pisens npoyecie nepoxkcuoayii 1inidis, npo sxe
ceiouumo 36inbwents emicmy MIA ma 3nudicenns piens inoexcy AIll.

3acmocysanns gpimonpenapamis nesHoI MIpoIO 3HUNCYE PIC NOKA3HUKIE NAMO2EHHOCHI, 2ANbMYE 3HUICEHHS PIGHA MApKepie
saxucmy. 3a cymoro yux noxaznuxie nauoinewy JIIE eussue nizoyum-popme (32,8%), nomin — xeepmynin (20,4%) i naiimenuty —
nexacun (18,9%).

Bucnoeok. Pexomenodosano guxopucmogysamu 0is npogpinaxmuru ypasicensb neyinku nio yac cnosicusanns CCO ¢gimonpenapamu
nizoyum-gpopme abo keepmyniny. Heobxioni nooanvuii 0ocnioxcenta 01 po3podnents 0inbiu eghekmuenux gpimonpenapamis.

Knrwouosi crosa: neuinka, cmadxcena onisi, ghimonpenapamu, Memoou 6U3HAYEHHs IIKY8AIbHO-NPOPLIAKMUYHOL eeKmUusHOCMI.
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Actuality. High-temperature fatty cooking always
leads to the formation of various toxic products (trans
isomers, aldehydes, ketones) from unsaturated fatty
acids (Levitsky, 2021). It has been shown that these
products cause the development of pathological inflam-
matory processes in the animal body, activation of lipid
peroxidation (LPO), disruption of histo-hematic barri-
ers, and a decrease in the level of non-specific immunity.

In our previous studies, it was established that the
consumption of thermoperoxide fats, especially fried
sunflower oil, causes damage to almost all organs and
tissues, and the liver is the most affected (Levitsky,
2021). As a result of the consumption of fried sunflower
oil in the liver, LPO and proteolysis are activated, the
level of protective systems decreases: antioxidant, anti-
microbial, non-specific immunity, reparation (Marcellin,
Kutala, 2018).

In this work, we used the following biochemical indi-
cators of the pathological state: elastase enzyme activity,
urease enzyme activity, and malondialdehyde (MDA)
content (Levitsky et al., 2018).

In a pathological condition, the level of biochemical
markers of pathology not only increases, but also decreases
the level of biochemical markers of protective systems, the
total reduction of which (PE ) is also determined by this
formula, but in this case, the indicator in the pathological
condition is subtracted from the control indicator.

For the prevention and treatment of complications
arising from the consumption of thermoperoxide fats,
we offered the so-called polyfunctional anti-dysbiotic
agents (PFADA), which include prebiotics, antioxi-
dants, protease inhibitors, vitamins and calcium salts
(Gozhenko et al., 2013; Levitsky et al., 2014).

In this work, we used 4 PFADA preparations, namely
kvertulin, lequin, lekasil and lysozyme-forte, the com-
position of which is presented in table 1.

The aim of the study. The purpose of this work was
to determine the therapeutic and preventive effective-

Table 1
Characteristics of tableted forms
of polyfunctional antidysbiotic remedies

Product Composition Regulatory documentation

Quercetin, TC 10.8-13903778-040:2012

Kvertulin inulin, calcium | Conclusion MPU Ne 05.03.02-
citrate 06/44464 ot 17.05.2012
Lecithin, TC 10.8-37420386-003:2016

Lequin quercetin, inulin, | Conclusion MPUNe 05.03.02-
calcium citrate 08/8400 ot 21.03.2016
Lecithin, milk TC 10.8-37420386-005:2017

Lekasil thistle meal, Conclusion MPU Ne 602-123-
calcium citrate [ 20-2/12102 ot 25.04.2017

— LZ:?:;?le}nulin TC 10.8-37420386-004:2016

fg . Y qelatin ot | Conclusion MPU Ne 602-123-
gelatm, 20-2/5734 01 22.12.2016
citrate

®ditoTtepanis. HYaconuc

ness of the above drugs in relation to liver damage in
rats that received fried sunflower oil with food.

Material and methods. White Wistar rats (males,
7-8 months, 240-260 g) were used in the work, which
were fed fried sunflower oil (FSO) at a dose of 2 g/kg
for 75 days. Fried sunflower oil was obtained accord-
ing to the method (Levitsky, 2021). There were a total of
6 groups of rats with 7 heads in each: 1st—intact control, 2nd,
3rd, 4th, 5th and 6th groups received food with FSO from
the first to the 75th day of the experiment. The 3rd group
additionally received the drug Kvertulin from the 31st day
of the experiment until the 75th day, the 4th group similarly
received the drug Lequin, the S5th — the drug Lekasil, and the
6th — the drug lysozyme-forte. All drugs were administered
with food at a dose of 300 mg/kg body weight.

After euthanasia of the animals on the 76th day of the
experiment under thiopental anesthesia, by total bleed-
ing from the heart. In the homogenate of liver, the activ-
ity of elastase, urease, catalase, lysozyme, MDA content
was determined, and the antioxidant-prooxidant index of
API was calculated based on the ratio of catalase activity
and MDA content. All these methods were carried out
in accordance with the methods described in the mono-
graph (Levitsky et al., 2018).

Based on the obtained results, the percentage of
increase in the level of pathogenicity markers (elastase,
urease, MDA) and the percentage of decrease in the
level of protection markers (lysozyme, catalase, API)
were calculated.

The therapeutic and preventive effectiveness (TPE) of
phytopreparations was calculated according to the formula

PE, — PE
TPE=——"2

PE, 2.100%, where -

PE, — the sum PE +PE | in the liver of rats that
received FSO for 75 days (2nd group);

PE, — the sum PEp+PEpr in the liver of rats, which
additionally received a phytopreparation from the
31st day of the experiment.

Statistical processing of the research results was carried
out on a computer using the licensed software product Sta-
tistica 7.0. The Student's t test was used for comparative
analysis of the results of independent groups of experi-
ments. Results with p<0.05 were considered reliable.

Research results. Tables 2 and 3 presents the results
of determining the level of biochemical markers of path-
ogenicity, which indicate a significant increase in the
activity of the microbial enzyme urease in the liver of
rats after long-term consumption of FSO. Urease is an
indicator of microbial insemination. To a lesser extent,
indicators of the inflammatory process increase, namely
the content of MDA and the activity of the proteolytic
enzyme elastase.

All investigated herbal preparations inhibited the
growth of elastase activity and MDA content, but had

Ne 3, 2024




MeguuuHa

little effect on the growth of urease activity, with the
exception of the drug lysozyme-forte, which reduces
the increase in the activity of this bacterial enzyme by
1.5 times. Lysozym-forte proved to be the most effective
in terms of the total pathogenic effect of FSO on the liver.

Tables 4 and 5 presents the results of determining the
influence of FSO and herbal preparations on biochemical
indicators of protective systems. It can be seen that the anti-
oxidant-prooxidant index of API decreases to the greatest
extent, and catalase activity to the least. The use of the drug
kvertulin even increased the level of API, which is proba-
bly due to the ability of quercetin, which is part of this drug,

to inhibit LPO (Levitsky et al., 2014). Kvertulin turned out
to be better in terms of the amount of pathogenic effect of
SFO on indicators of protection markers.

Table 6 presents the results of determining the total
pathogenic effect on the state of the liver of rats consum-
ing FSO and herbal preparations. From these data, it can
be seen that the drugs lysozyme-forte and kvertuli reduce
the pathogenic effect of FSO to the greatest extent.

The figure shows the results of determining the ther-
apeutic and preventive effectiveness of the herbal prepa-
rations used by us, from which it can be seen that the use
of the drug lysozyme-forte reduces the pathogenic effect

Table 2

The effect of herbal preparations on the level of biochemical markers of pathogenicity in the liver of rats
that received of fried sunflower oil

Ne Ne Group Elastase, mk-kat/kg Urease, mk-kat/kg MDA, mmol/kg
1 | Control 335,4+16,8 0,032+0,014 24,98+2,10
2 | Fried sunflower oil (FSO) 445,0+£21,6 p<0,01 0,176+0,023p<0,05 52,12+1,32p<0,001
3 |FSO + kvertulin 343,8+20,1p>0,3; p1<0,01 | 0,127+0,026 p<0,05; p1>0,05 | 38,02+2,76 p<0,05; p1<0,05
4 | FSO + lequin 359,6+25,0 p>0,3; p1<0,05 | 0,129+0,017 p<0,05; p1>0,3 | 40,00+1,37 p<0,05; p1<0,05
5 |FSO + lekasil 360,3+9,8 p>0,3; p1<0,05 | 0,100+0,021 p<0,05; p1>0,05 | 35,02+2,10 p<0,05; p1<0,01
6 |FSO+ lysozyme-forte 354,1+17,9 p>0,3; p1<0,05 | 0,091+0,024 p>0,05; p1<0,05 | 38,97+1,17 p<0,05; p1<0,01

p — in comparison with group Ne 1; p, —in comparison with group Ne 2.

Table 3

Increase in the level (%) of biochemical markers of pathogenicity in the liver of rats treated with
phytopreparations against the background of consumption of fried sunflower oil (FSO)

Indexes FSO FSO + kvertulin FSO + lequin FSO + lekasil FSO+ lysozyme-forte
Elastase 32,8 10,1 13,7 13,7 12,4
Urease 450 4222 4233 406,8 340,3
MDA 108,4 81,3 85,1 75,6 75,2
PEp 591,2 513,6 522,1 496,1 4279

Table 4

The effect of herbal preparations on the level of biochemical markers of protection in the liver of rats that
received of fried sunflower oil

Ne Ne Group Lysozyme, unit/kg Catalase, mkat/kg API, unit/kg
1 | Control 86,0+4,0 5,56+0,07 2,2340,13
2 |Fried sunflower oil (FSO) 52,4+4,0 p<0,01 4,87+0,08 p<0,01 0,93+0,11 p<0,01
3 |FSO + kvertulin 60,0+5,0 p<0,05; p1>0,05 5,54+0,08 p>0,3; p1<0,05 1,45+0,14 p<0,05; p1<0,05
4 FSO + lequin 62,0+8,0 p<0,05; p1>0,05 5,15+0,07 p<0,05; p1<0,05 1,29+0,10 p<0,05; p1<0,05
5 | FSO + lekasil 55,0+3,0 p<0,01; p1>0,3 5,26+0,13 p<0,05; p1<0,05 1,50+0,13 p<0,05; p1<0,05
6 | FSO+ lysozyme-forte 72,0+6,0 p>0,05; p1<0,05 5,54+0,08 p>0,5; p1<0,01 1,42+0,11 p<0,05; p1<0,01

p — in comparison with group Ne 1; p, —in comparison with group Ne 2.

Table 5
Decrease in the level (%) of biochemical markers
of protection in the liver of rats that received
phytopreparations against the background
of consumption of fried sunflower oil (FSO)

Table 6
The effect of herbal preprations on the total pathogenic
effect on the liver fried sunflower oil (FSO)

indexes | £SO | FSO* |FSO+| FSO+ [ FSO Ilysozyme- Group Phytopreparation X PEp+PEpr
kvertulin | lequin | lekasil forte 2 FSO 699,6
Lysozyme | 395 | 241 | 203 | 33, 1,0 3 FSO + kvertulin 556,8
Catalase | 10,6 | 425 | 48 | 5.1 5.1 4 FSO + lequin 589,3
API 583 | 33.6 | 421 | 227 363 5 FSO + Iekasil 567,6
PEpr 1084 432 67,2 61,5 42,4 6 FSO + lysozyme-forte 470,3
®itorepanis. Yaconuc Ne 3, 2024 g9 mm
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of FSO by 32,8%, kvertulin by 20,4%, and Lekasil by
only 18,9%, possibly due to the absence of quercetin in
its composition (fig. 1).

40 -

32 -
24 -

TPE

16 -

[=Ree]

1 2 3 4

Fig. 1. Therapeutic and prophylactic effectiveness
(TPE) of phytopreparations on the pathological
condition of the liver of rats that consumed fried

sunflower oil (1 — kvertuline, 2 — lequin, 3 — lekasil,

4 — lysozyme-forte)

Discussion. Different body systems take part in the
development of pathological processes, the state of
which is determined mainly by biochemical indicators.

In our work, we used the following indicators as
markers of the pathogenic state: the activity of the bac-
terial enzyme urease, which is an indicator of microbial
insemination (Levitsky, 2019), the activity of the prote-
olytic enzyme elastase, which is secreted by leukocytes
(Levitsky, 2019) and the content of the final product of
lipid peroxidation — malondialdehyde (MDA ). All these
indicators reliably increase in the liver of rats that con-
sumed fried sunflower oil (FSO).

As biochemical markers of protective systems, we
used the following indicators: the activity of the antimi-
crobial enzyme lysozyme, the activity of the antioxidant
enzyme catalase, and the complex indicator antioxi-
dant-prooxidant index AP

All these markers are significantly reduced in the
liver of rats that consumed FSO.

Guided by the law of dialectical philosophy about the
transition of quantity into quality, we determined the total
change of biochemical markers for the purpose of greater
objectivity in the assessment of the pathological condition.

All four phytopreparations that were used in our
work contained calcium citrate, prebiotic inulin, and a
polyphenolic compound, the most effective of which
was quercetin (Levitsky et al., 2014). Only one remedy,
namely Lysozyme-forte, contained lysozyme. This drug
turned out to be the most effective, which gives reason to
consider the microbial factor as the main reason for the
development of the pathological process in the liver of
rats that consumed FSO (Levitsky, 2021).

Conclusions

1. Long-term consumption of thermoperoxide
sunflower oil by rats significantly increases the level
of biochemical markers of the pathological condition
in the liver, namely elastase activity by 32.8%, MDA
content by 108.4%, and urease activity by 450%.

2. Long-term consumption of thermoperoxide
sunflower oil by rats significantly reduces the level
of biochemical markers of protection in the liver,
namely the activity of catalase by 10.6%, lysozyme
by 39.5%, and the API index by 58.3%.

3. The proposed complex biochemical method
(CBM) for determining the therapeutic and preven-
tive effectiveness of new phytopreparations.

4. Lysozyme-forte was the most effective of the
tested phytopreparations due to the presence of
quercetin bioflavonoid and lysozyme enzyme in it.

5. It is necessary to continue the work on the
development of new phytopreparations with greater
therapeutic and preventive effectiveness.
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KYPKYMA (CURCUMA LONGA) SAK CIIEIIA 1 JTIKAPCBKA POCJIMHA:
BUCOKI IMO3UIIIi TA MEPCIIEKTUBA BUKOPUCTAHHSA Y CYUACHINA MEJUIIMHI
KPI3b IPU3MY HOBITHIX JOCJIIKEHb (OIVIAJ JIITEPATYPH)

Axkmyanvnicms. 3pocmanns 3axeopro6anocmi Hacenenns 3emui 3 AGUWAMU NOTIi— | KOMOPOIOHOCMI, a4 MAKON#C OHKONOSIYHUX,
iHGheKkyitiHux, GIPYCHUX Hedye GUMA2aiomb YOOCKOHAIEHHS TIKY8aibHuX npocpam. Ocobaueo YiHHOW y yboMy ACNeKmi 60auaemvcs
ONMUMIZYIOUA PONb TIKAPCOKUX POCTUH, OOHIEIO 3 AKUX PO32TAOAEMbCS KVPKYMA.

Mema 0ocnioscennsn — ananiz HOSIMHbOI Aimepanmypu npo IiKyEaIbHO-NPOGINAKMUYHI G1ACMUBOCMI KYPKYMU MA HOBL NEPCNeK-
Mmusu ii 3acmocy8aHHsi.

Mamepian i memoou. 30iticneno iHpopmayiiiHuil NOWYK y OPYKOBAHUX I e1eKMPOHHUX HAYKOBUX SUOAHHAX 13 SUKOPUCMAHHAM
Memooié ananizy, NOpieHsIHHs MA Y3a2aibHEHHS.

Pesynomamu 00cnioxncenna. YcmanogneHo 3pocmaroyull iHmepec HAyKosyie Meouko-0i0102iuHo20 npogino 00 00CiONHCeHHS
AKMUBHUX YUHHUKIG KYPKYMU 8 KOHMEKCHi 0coonugocmell NONYIayitiHo2o cmany 300p08’° s HaceleHHs 3eMli Ha HUHIWHbOMY emant.
Jlosedeno anmusipychi, anmubaxmepianbhi, AHMUKAHYEPOSEHHI, AHMUMYMAeHHI, 2inoNini0eMiuti, NPOMUCKIePOMUYHi, de3azpe-
2AHMHI, HEUPONPOMEKMOPHI, AHMuUOIAbemuyti, NPOMU3ANATLHI GIACMUBOCI NOPSAO 3 AHMUOKCUOAHIMHUMY, CHA3MOTIMUYHUMU,
akmugyouor 6a2amoniaHogoro Jier Ha cucmemy mpasientsa. baeamoepanna memaboniuna ma noniopeanna 0isi 3acobié KypKymu
6 acnekmi noJi- i KOMOPOIOHOCMI, 0COOIUBOCMIE GIPYCHUX 3AXE60PIOSAHL CYUACHUX NAYIEHMIE 0alONb NiOCmMas 00 CYymmeeo WuUpuio2o
ix sukopucmauHs K 000AMKOBUX YUHHUKIE NPU AMePOCKIePOMUUHUX 3AXE0PIOGAHHAX CePYeso-CYOUHHOL I YeHmpanbHoi Hep8osol,
EeHOOKPUHHOI, mpagHoi cucmem, 8 OHKoN02ii, pesmamonoeii, depmamonoeii, COVID-19 ma nocmko8ionomy cuHOpomi.

Bucnoeok. Kypkyma — yinna i nepcnekmuena iikapcbka pociuna i cneyis 3 Memaboniuno 6a2amozpanioro ma noaiiopeamtoio
di€ro, wupule BUKOPUCTAKHS SIKOL 8 0300P0GUOMY XAPYYBAHHI | KOMNIAEKCHOMY JIKV8AHHI COYIANbHO 3HAYYWUX Hedye MOICE 3HAUHO
noxinuumy pe3yIomamu 1iKy8auHaA i 6MopuHHOi npoinakmuxii.

Knrouosi cnosa: xypryma, nikysanbho-npogpinaxmuyni éracmusocmi, NonimMopoionicms, KOMOPOIOHICMb, 3aCMOCY8atHsL, NePCREeKMUGHU.
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TURMERIC (CURCUMA LONGA), AS A SPICE AND A MEDICINAL PLANT:
HIGH POSITIONS AND PROSPECTS OF USE IN MODERN MEDICINE
THROUGH THE PRISM OF THE LATEST RESEARCH (LITERATURE REVIEW)

Topicality. The increasing morbidity of the Earth's population with the phenomena of poly— and comorbidity, as well as oncological,
infectious, and viral diseases require improvement of treatment programs. Especially valuable in this aspect is the optimizing role of
medicinal plants, one of which is considered turmeric.

Goal. Analysis of the latest literature on curative and preventive properties of turmeric and new prospects for its use.

Material and methods. An information search was carried out in printed and electronic scientific publications using the methods
of analysis, comparison and generalization.

The results. The growing interest of medical and biological scientists in the study of the active factors of turmeric in the context
of the peculiarities of the population health of the population of the Earth at the current stage has been established. Antiviral,
antibacterial, anticarcinogenic, antimutagenic, hypolipidemic, antisclerotic, disaggregant, neuroprotective, antidiabetic, anti-
inflammatory properties along with antioxidant, antispasmodic, activating multifaceted action on the digestive system have been
proven. The multi-faceted metabolic and multi-organ effect of turmeric remedies in the aspect of poly- and comorbidity, features of
viral diseases of modern patients give grounds for their significantly wider use as additional factors in atherosclerotic diseases of the
cardiovascular and central nervous, endocrine, digestive systems, in oncology, rheumatology, dermatology, COVID-19 infection and
post-covid syndrome.

Conclusion. Turmeric is a valuable and promising medicinal plant and spice with metabolically multifaceted and multiorgan
effects, the wider use of which in health nutrition and complex treatment of socially significant ailments can significantly improve the
results of treatment and secondary prevention.

Key words: turmeric, curative and preventive properties, polymorbidity, comorbidity, application, prospects.

®itorepanis. Yaconuc Ne 3, 2024 93 mm



MeguuuHa

Beryn. Akryanshicts. [lannemis COVID-19 crana
CYBOPHM €K3aMECHOM [UISI CBITOBHUX MEIUYHHUX CHCTEM,
BKJIIOYAIOUM €BPOMNEHChKI U MiBHIYHOAMEPUKAHCHKI
KpaiH{ 3 BHCOKHM piBHEM iX 3a0e3ledeHHs. 30Kpema,
y CIIIA oxpiM KpUTHYHOTO MEPEBAHTAKCHHS JTIKyBaJIb-
HUX YCTaHOB, BiJ3HAYCHO HAMOLIBIIE YHCIIO JICTaTbHUX
BUIAJIKIB (OLIbIIE OJJHOTO MiJIbHOHA 13 CEMHU MIJIbHOHIB,
3apeecTpoBaHuX y CBiTi, 3a manumu BOO3). IloniGHe
masio Mmicne B Itanii, [lIBenii, mpoTte B HU3MI a31dCHKUX
KpaiH, ocoomuro B [liBnennii Kopei, 1e mopsin i3 cydac-
HUM PiBHEM MEIUYHOI CHCTEMH HIMPOKOTO 3aCTOCOBY-
BaJIACS] METOIM HAPOIHOI METUIIMHY Ta CIICI] Y Xapdy-
BaHHI, piBEHb CMEPTHOCTi OyB Ha MOPSIOK HHKUHM.

VYyeni Kuraro Ta iHIMX a3idChbKUX KpaiH HeEIIo-
JIAaBHO OITyONIKYBajM y CBITOBI MeEIMKO-010JIOTIYHIH
mpeci HU3KY HAyKOBHX Ipalb i3 JIKyBaHHS XBOPHX Ha
COVID-19 i3 BuKopHCTaHHSIM Ha TITi 3arajJbHOBU3HAHUX
CTaHIAPTIB JONATKOBO POCIMHHHX JIKAPCHKHUX 3ac00iB
Ta Crewiil Takux, K iMOup, KypKyma, KOpHUIls, JaCHUK
(Babaei, 2020; Gupta, 2020; Dorado, 2021; Tripathy,
2021; Pawar, 2021). Ha qymMKy IMX y4eHHX, IIE€pCHEK-
THBHUM € BUKOPHCTAHHS POCIMHHHUX 3acO0IB 1 CHEIii
JUISL TIKyBaHHS ¥ peaOiniTanii XBOpUX 3 IHIIMMHU Cydac-
HUMHU THOEKIIHHUMH 1 COMATHYHUMH 3aXBOPIOBAHHSIMH.

OpnHi€ro 3 MPOBITHUX MPOOJeM Cy4YacHOT MEAUIMHH
€ 3pOCTaHHSI SBUIIL ITOJTi— 1 KOMOPOITHOCTI, Y T. 4. CITPOBO-
koBaHUX COVID-19-iH}eKIiero mij] Ha3BOK «ITOCTKOBI/I-
Huii cunapom» (Fadeienko, 2015). YBaxaroTh, 1110 OCTKO-
Bimanit cuaapom (IIKC) karanisye moripimeHHst nepeoiry,
MPOrpecyBaHHs HAOYTHX y JOKOBIHHUI TIePioJ] XPOHIYHUX
HEAYT Ta 3HIKYE C(hEeKTUBHICTH paHille TOCTATHIX METO-
JUB JIIKyBaHHS. XapaKTEPHUM € HE TUTbKH 30UIbIICHHS
YHcNia X SBHII 13 BIKOM, a W iX MOJiBapiaHTHICTb, 110
YCKJIAQHIOE TIATOTCHETUYHI B3a€EMUHH MDK XBOpOOaMHu,
SIKi HETIPOCTO AOCTIUTH Ta 3pO3yMITH, 1100 MOOyIyBaTH
BIJIMOBIZIHI BJOCKOHAJICHHS JI0 BH3HAHMX JIIKYBAJIbHUX
KoMIuiekciB. Came TOMy y CBITI JIOHWHI HE iCHy€ CTaH-
JIAPTIB JIIKyBaHHS KOMOPOITHMX 3aXBOPIOBaHb Ha 3acajiax
JIOKa30BO1 ME/IMIIMHY, & YHCIICHH] CIIPOOY iX CTBOPEHHS HE
Oyu ycmiHuMHA. Taki BIOCKOHAJIEHHS MOXYTh PO3PO-
OMATUCS 3 JIOJATKOBHX JIOMIOBHEHB 10 3araJibHOBU3HAHUX
KOMITJICKCIB JIIKYBaHHSI TIPOBITHOT XBOPOOH, SIK1 BOJIOZIFOTh
0aratorpaHHOI0 META0OJIYHOIO 1 TIOMIOPTaHHOIO €T,
00 YHUKHYTH SIBHIIL ITOJIITParMasii Ta MoB’;3aHuX i3 Hero
3arpo3 MOOIYHUX MEIVKAMEHTO3HMX C(EKTiB Ta yCKIIa-
HeHb. ToMy BHM3HA4YHY pOJb BiirpaBaTUME 1HAMBITyaTb-
HUH JTIKyBATGHUHM MiJIX1J1 IO TAKUX MAIIIEHTIB 3 ypaxyBaH-
HSIM X MOJTi— 1 KOMOPOITHOTO CTaTyCy Ta BapiaTHBHOCTI.

Huni mpoBiaHi BUeHI CBITY CXWISIOTBCS A0 JTyMKH,
10 TAKIMH BJIACTHBOCTSAMHU MOXKYTb BOJIOHITH POCIUHHI
nikapchbki 3acobu Ta crienii. OHIE0 3 TaKUX TEepPCIeK-
TUBHHX CIEILil YBAXKAIOTh KypKyMY.

-
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Merta pocitijizkeHHsl — aHaNi3 HOBITHBOI JTEpaTypu
PO JIKYBaJIBHO-IPO(IIAKTHYHI BIACTUBOCTI KYPKYMH Ta
HOBI IIEPCTICKTUBH i 3aCTOCYBAHHS B Cy4aCHIM METHIIHHI.

Marepianu Ta MeToau aociigxenns. [IposeneHo
iH(pOpPMAIIHHUN TOIIYK y APYKOBAHUX 1 EIEKTPOHHUX
BUJAHHIX, HAyKOBHX IIONIYKOBMX 0a3zax i3 3acTocy-
BaHHSAM METOIB aHANi3y, MOPIBHAHHS ¥ y3araiabHEHHS
iH(OpMAaIITHUAX TaHKX.

PesyabraTn nocaigskeHHs1 Ta IX o0ropopeHHs. 3a
JAHUMH TIPOaHATI30BaHUX JDKEPEIT TITepaTypy BCTAHOB-
JICHO, TIO JIFOJICTBY KypKyMa BiJloMa OJTU3bKO 3 THC POKIB
Ta (Qirypye Tako IiJI Ha3BOK SBAHCBKHHA TypMeEpiK,
IHAIHCHKUN mmadpaH, >KOBTUH KOPIHb Ta HAJEXKHUTH J0
poaunu iMoupeBux (Béaumler, 2007). Y aukoMy BHIJIS
BOHA pPOCTEe Ha OCTPOBi SIBa, ane HUHI KyIbTHBYETHCS
B Kkpainax Asii, A¢ppuku (Akaberi, 2021). ¥ naBHUHY
il BUKOPHCTOBYBANM 3 MEAMYHOIO METOIO Ta It dap-
OyBaHHS B OBTHH Koiip. J[0 KiHIIS MEpIIoro CTOMITTS
HOBOI epy BHKOPHCTOBYBaJAacs TiJIBKH B KpaiHax lHmo-
KHTAalo, MOTIM Yepe3 apabcebki Kpainu Ta ['perito 1ocTas-
nena B Cepennto €Bpomy, 30kpema B Himeuunny — i3
1150 p. (Baumler, 2007). Ha3Ba «kypKkymMay, HMOBIpHO,
MOXOANTH 31 CTApOiHIIChKOI Ha3BU «KyHKyMaH» (Ayati,
2019). BusiieHo, 1mo B OCTaHHI POKH J0 JOCITIIKCHHS
JKYBalbHO-MPO(MITAKTUYHIX ~ YMHHHUKIB ~ KYPKYMH
3HAYHO 3pIC THTEpPEC HAYKOBIIIB MEIUKO-010JOTIYHOTO
npod i B acHeKTi OOTPYHTYBaHHS 3aCTOCYBAaHHS MpU
HAHOIIBII MOMIUPEHUX 1 COMIANBLHO 3HAYYIIUX 3aXBO-
proBaHHsIX. [OJIOBHOIO YaCTHHOI JJIsi BUKOPHCTAHHS
€ KOPiHb KypKYMH.

Ximiunuii cxnad. Y KOpeHI KypKyMH MICTHTBCS
3-5% KypKyMiHOiIiB — OCHOBHHUX OiOJIOTIYHHX YHUH-
HUKIB, >KOBTHX OapBHUKiB. Cepex HHMX € KypKyMiH,
MOHOJIC30KCI- 1 O1E€30KCIKypKyMiH, a TakoX egipHa
oJ1ist (CKJIQHUKU — CECKBITEPIICHHU 3 TOJIOBHUM KOMIIO-
HEHTOM L-TyMepoHOM, HiHIIOepeHOM, L-KypKyMeHOM,
B-ceckBipenanapernom). HacTymHuMHU — CKJIaJOBHMHU
PCUOBMHAMH € IMYHOJIOTIYHO aKTHBHI MOJicaxapuiu:
ykoHaH A, apaOiHorasakTtaH 1 TOXiJIHI TiIPOKOpPHY-
HOi KHCIOTH, Ko(eiHoBa KHCIOTa, (hepynoBa KUCIOTA,
a TaKoX TYpPMEpHUH SK AaHTHOKCHJIAHTHUI NeNnTH.
(Baumler, 2007; Ayati, 2019). Haii0inbin akTHBHUM
010JIOTIYHUM UYHHHUKOM KYPKyMH, SIKHH 3acIyroBye
B OCTaHHI POKHM BEJHKOi yBarW HAyKOBIIIB Pi3HHUX IPO-
¢iniB, yBaxaeTbesa KypkyMmiH (Akaberi, 2021). A B3arai
JIOHWHI BCTAHOBJICHO B KypKyMi 427 XIMIYHHUX KOMIIO-
HEHTIB (Ayati, 2019).

Dapmakonoziuni e1acmugocmi i 3acmMoCyBaHHA.
OCHOBOIO KypKyMiHOImiB 1 eipHHX OIiif € BiTHOCHO
CWJIbHA JKOBYOTIHHA Mis. KypKyMIHOIIM 3yMOBIIOOTH
MPOTH3aNaIbHY, aHTHOAKTEPiaJIbHY Ai10 MIJISIXOM BIUTUBY
Ha AaKTHUBHICTh IMKIOOKCHTE€HA3 1 MpPOCTarIaHIWHIB,
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NPUTHIYYIOTh PICT TPAMIO3UTHUBHUX OakTepiid, BUSB-
JISIFOTH CTHMYIIOIOYY [iF0 Ha TEMaTOLUTH, ITOCIITIOIOUH
BUPOOHHIIBO TIIyTaTioH-S-TpaHcdepas (TremaTonpoTek-
tuBHa i) (Kocaadam, 2017; Gupta, 2013; Hewlings,
2017; Luo, 2023). KypkymiHy BIacTHBI TaKOXX aHTHBI-
pyCHa Jiisi, 3MaTHICTh MPUTHIYYBATH PEILTIKAIIII0 Bipycy
BIJI (Pawar, 2021). KypkyMiH yBaXarOTh «30JIOTOIO
CIICLI€I0» Y JIKyBaHHI CEPIEBO-CYIHHHUX 3aXBOPIO-
BaHb, Y T. 4. 3yMOBJICHHX CTPECaMH Ta 3aMaJIbHUMH I1PO-
necamu (Li, 2019; Li, 2020; Pourbagher-Shanri, 2021),
a TakoXX MpPHU PI3HUX META0ONIYHMX XBOpoOax i 3aXBo-
proBaHHsX opraHiB TpasieHHs (Jabczyk, 2021), mykpo-
BoMy miabeti (Xie, 2021). VYBaxaeTbcs, 10 KypKyMiH
€ TIOTCHITIaJIbHAM KapAiOIMPOTEKTUBHIM YHHHUKOM ITPH
pi3Hux 3axBoproBaHHAX cepus (Liang, 2017). Ha morne-
KYJSIPHOMY PiBHI JIOBEJICHO, IO KyPKyMiH 3[aTeH Mpo-
HUKATH Yepe3 TeMaTo-eHIeQaIiuHuii 6ap’ep y KUPOBUX
HaHOOyNbOAIIKaX 1 BIUIMBATH HA Pi3HI 3aXBOPIOBAHHS
ronmoBHOTrO MO3Ky (Yan, 2021). 3okpema, HEHpPOAKTHBHI
YHHHUKH KYpPKYMH OOTOBOPEHI B CHCTEMaTHYHOMY
ormsini (Coo B.K.M, Shaich M.F., 2021) npu nixyBaHHI
eTIiJIerncii, y KoMy 3a3HaueHa HOro HEeHpOIpOTeKTOpHA
3aTHICTh. HOBITHIMM JTOCHIIKEHHSIMHA BCTAHOBIJIEHO
AQHTUOKCUJIAHTHI, AHTUKAHIIEPOTCHHI, AHTUMYTarcHHi
BIIACTUBOCTI KYpPKyMIiHOi[iB, 3IaTHICTb 3MECHIIYBaTH
aKTHBHICTh MeTacTarniHux mpoueciB (Kunnumakkara,
2017; Zhang, 2018). 3a nomaBaHHS MOPOIIKY KOPEHS
KypKyMH JI0 M’siCa UM 1HIIIMX XapUOBUX MPOIYKTIB Kyp-
KyMiH 3MCHIITY€ YTBOPCHHS KaHIIEPOTCHHUX HITPO3aMi-
HiB (Bédumler, 2007). YcTaHOBIEHO TaKOX MPOTHCKIIC-
poruuHy nito Kypkyminy (Akaberi, 2021; Ayati, 2019).
MoMmy mpuTaMaHHI TaKOX CIA3MOITHYHI, rimosirmize-
MiuHi, JAe3arperaHTHi, (iIOPUHONITHYHI BIACTHBOCTI
(Kocaadam, 2017).

Sk  ¢oTtocuHTe3aitHEp i1 KOPUCHO BUKOPUCTOBY-
BaTH B JIIKYBaHHI TCOpia3y Ta IHIIMX IIKIPHUX XBOPOO
(Vaughn, 2016; Mata, 2021; Barbatho, 2021).

Y MemuuuHiI 30aBHa KypKyMa BHKOPHCTOBYETHCS
B JIIKyBaHHI AWCICIICHYHHUX IPOSIBIB PI3HOTO ICHE3Y,
0COONMBO SIKi CYHPOBOKYIOTHCS METCOPU3MOM, Bil-
YyTTAM JUCKOM(OPTY B XKHMBOTI, KOJbKAX, IMOCTXOJC-
IUCTEKTOMIYHOMY CHHAPOMI, TPU Tenaromnarisx pis-
Horo moxomkeHHs1 (Baumler, 2007; Kocaadam, 2017).
VY HapomHil MeOUIUHI KypKyMa BHKOPHCTOBYETHCS SIK
JiKapCchKHii 3aci0 MomiopranHoi 1Iii, y T. 4. IPH 3aXBOPIO-
BaHHSAX OPTaHiB AMXaHH:], 3aCTYIHHX XBOpoOax, 3ama-
JIEHHI HUPOK Ta CEYOBOTO MiXypa, TOJIOBHOMY OO0IIIO,
aMeHopei, MKIpHOMY CBepOeKi, JIIKyBaHHI THIHHUX paH
(Gupta, 2013; Abidi, 2014; Akaberi 2021).

B ocranHi poku 3’sBHIAcCS HH3KAa HAayKOBHX IIPallb,
y SIKHX IIPOICMOHCTPOBAHO €(PEeKTUBHICTh KypKyMiHY TIPH
TaKOMY TOIIMPEHOMY BiK-3aJI€)KHOMY 3aXBOPIOBaHHI, SK
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ocreoaptut (OA) (Conrozier, 2014; Yang, 2016; Perkins,
2017; Daily, 201; Lopresti, 2022; Jinlong, 2024). 3okpema,
JIOBEZICHO, 110 KPiM MPOTH3ANAIBHUX, OOJIeTaMyBaJIbHHUX
BIIACTUBOCTEH, KypKYMiHY MpHTaMaHHI 3HA4HI IMyHO-
MoJTyItoBaITbHI sikocTi (Atabaki, 2020; Srivastava, 2016;
Wang, 2021). YV HHX NOKa3aHO, 110 KYpPKyMiH SIK CaMoO-
cTiitHmi ynHHMK Tpr OA Mano HMOCTYHAEThCsl HAHOLIbIN
BU3HAHOMY HECTEpPOITHOMY IPOTH3ANAIBHOMY IIperia-
pary — IMKI0(eHaKy, a B MOETHAHHI 3 OCTaHHIM HE TUTHKH
MIOCHITIOETRCS TX CyMapHU MPOTH3AIABHUN Ta aHaTe3y-
10unii epexTH, a i 3HAYHOIO MipOIO 3ar100IraroThes TOOIUHI
nii nuxnodenaka (Shep, 2020).

JIoOHWHI TIPONOBXKYIOTBCS KIIHIYHI JTOCII/PKEHHS
y xBopux Ha OA. 30KpemMa, BCTAHOBJICHO ONTHMI3y0Ui
e(exTn koMOiHaMi{ KypKyMiHY 1 XOHAPOTIPOTEKTOPIB Ta
BOAYAIOTHCST 3HAYHI MEPCIEKTHBU IOJANBINUX ITOTIIH-
ONEHNX CHUCTEMHHUX JIOCHIKCHb Y I[OTO KOHTHUTCHTY
xBopux (Khanna, 2020).

JIOIBHO 3a3HAYUTH MPO HOBHUH HATPSAM JOCHTi-
JOKEHb 3aC001B 13 KYpKYMH B KOHTEKCTI 1X MMO€ETHAHHS
3 {HIIMMHK JIiKapChbKUMHU pociauHamu mpu OA, TakuMu
sk 6ocsenisi (Haroyan, 2018; Henzotin, 2022), yopHwuii
nepens (Nazir, 2021), Ha oniliHii ocHOBI (Jamali, 2020;
Luo, 2023), nanokypkymiHiB (Hashemzadeh, 2020).
I B3arami po3rsgaeThCcs ACIEKT 3aCTOCYBAHHS 3aco-
01B 13 KypKyMH IPY 1HIIUX 3aMajbHUX 3aXBOPIOBAHHSX
(Peng, 2020; Razavi, 2021).

Y npoMy acrekTi Ha yKpaiHCEKOMY (apMarieBTHY-
HOMY PHUHKY, 32 JaHUMH Jlep>KaBHOTO peecTpy Jikap-
ChbKHX 3aco0iB Ykpainu (2018), 3apeecTpoBaHO psij
IHIINX MIKCT-TIpETapaTiB i3 KypKyMH, 30KpeMa aHTud-
poHT, Karcynu, HacTosiHka (bepem ®@apma, YropiimHa):
CyMiIll KOpeHiB KypKyMH (3 Mr), iMOupy (24 Mr), coonku
(18 wmr), ekcrpakTiB cyxoro Jycts menicu (12,6 mr),
9al0 Mare mnaparBaiicekoro (32 wmr); xodpem, cHpoI
(TTK, Health Care, Ingisi): exctpakt kypkymu (30 mr);
iMOupy (20 Mr), cuporn iHAIHCHKHX NepIiiB (5 MT); Xoie-
necan, karncynu (ITAT «KuiBmeanpenapar», YkpaiHa,
amnpTepiyMm): eKCTPAKTH KOPEHIB KypKyMH (5 MT); IJI0iB
Hariok (60 Mr), MOpkBHU UKol (13 Mr), IIMHHY KBITOK
(50 mr), omii m'siti iepiieBoi (5 Mr); cupor OOH aneTuT
(Cyppst XepOen Jlimiten, Iumis): eKCTpakTH KOpPEHIB
Kypkymu (10 Mr), riofiB mepimiB JOBTOro Ta YOPHOTO
(o 4,5 mr), kmuny (5 Mr), rBo3auku (9,5 Mr), apHiKH,
COJIONKH Ta e 15 iHAIHCHKUX JTIKapChbKUX POCIHH.

VYei 3a3HadeHi 3aco0W BOJIOJIIOTH 0ararorpaHHOo
METa0ONITHO-CUCTEMHOIO €10 Ta PEKOMEHIYIOTHCS SIK
JIOTIOMIXKHI, TTEPEBAYXKHO MPOMITAKTHYHI 3aCOOH B JIIKY-
BaHHI 3aXBOPIOBaHb CUCTEMH TPABIICHHS, IUXAHHS, HEl-
POPETYIATOPHUX SBHIIAX Je3aalTallii.

ImoBipHO, y HalOmMKYWi TIepiof], BINMOBIIHO [0
CHEKTpy XBOpOO IMBiLMI3alii, iX OararoBapiaHTHOCTI
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OyIyTb CTBOPEHI HOBI MONIKOMIIOHEHTHI JIiKH Ta Jie-
THYHI JJOOABKHU 3 KypKyMH Ta IHIIUMH JT0Ope T0CIiKe-
HUMU POCITHHHUMHM YU XIMIYHUMU YHHHUKAMH.

3nificHeHO TOAIOHI  JTOCHIKEHHST e(DEeKTHBHOCTI
KypKyMiHy B KOMIUIEKCHOMY JIIKyBaHHI XBOPHX Ha TaKy
CKJIaJIHy XBOpOOY, K peBMatoianuii aptput (Razavari,
2021), a TakoXk IpU Pi3HUX 3aXBOPIOBAHHAX IIKipH
(Barbatho, 2021).

Ha ocobnuBy yBary 3aciyroBylOTh HayKOBi Tpaiii,
y SKAX TOKa3aHO TPOTHIYXJIWHHY [0 KYpKyMiHY
(Kunnumakkara, 2017) Ta nepiii pe3yasTaTs i mepcrek-
TUBH 3aCTOCYBaHHS KypKyMH SIK aJI'FOBAHTHOTO 3acO0y
npu COVID-19 (Gupta, 2020; Babaei, 2020; Dorado,
2021; Pawar, 2021). Llinaum € HaykoBui onisn Tripathy
S. et al. (2021), y sikoMy OOTOBOPIOETHCS MEPCIICKTHBA
3aCTOCYBaHHs KYPKYMH Ta €KCTPAKTIB 13 Hel, y QyHKITi-
OHANBHIN 1K1 JUI1 MOAANBIIOTO MOKPANAHHS iIMyHHOTO
crarycy micist nepenecenoro COVID-19.

Bumenaseneni BIacTUBOCTI KypKyMH, ii CKJIaIHUKIB
Ta cdepu 1X 3aCTOCYBaHHS MMiJICYyMOBaHI B TAOJHIII.

Tabmurs
®dapmakoJIOTiuHi BJIaCTHBOCTI Ta cepu
3acTOCyBaHHS 32C00iB i3 KypKyMu
3 JJiKyBaJIbHO-NIPO(PIIAKTUYHOK METOK0 Y MeIUINHI

d)apmalconori!.mi Cdepu 3acToCyBaHHS Y MeJULMHI
BJIACTHBOCTI
AnTHOAKTEpiamBHI [acTpoenTeposoris: aucnencis,
AHTHUBIpYCHI [aToJIOTis Tenaro-0iiapHoT CHCTeMH,
[Mporu3anansHi MOCTXOJICUCTEKTOMIYHHUN CHHAPOM
BoneramyBanbHi Kapaiomoris: imemivHi 1 3ananbHi
Crnia3MotiTHyHi YpaXkeHHsI CepLEeBO-CyAUHHOT
JKouorinHi CHUCTEMU
Birporinni PeBmaromnorist: ocreoapTpur,
lenaronpoTekTopHi PEBMAaTOIIHHUI apTPUT, apTpomnarii
ApTpOIPOTEKTOPHI Iadexromnoris: 6akrepianbHi i BipycHi
AHTHOKCHUIAHTHI iH(eKIiiHI TpoLecH
AnTtHiabeTHyuHI EnnmokpuHoOIIOrist: IyKpoBHUii 1ialer,
lnoxonecrepuHeMivHi | METaOONIIYHIN CHHIPOM
KapaionporexropHi Jlepmarosoris: ncopias, cBepOmsdi
[porumyxnuHHi JIepMaTo3n
JHepmaronporektopHi | Ilepcnekrusn:
HeiiponporexTopHi OHKOJIOTis1: MyXJIMHHI TPOLIECH
ImyHOMOYITIOIOUI Hespounoris: ypaxenns LIHC pizHoro
reHesy
[HIIII: TOCTKOBITHUI CHHIPOM

[Ipo mobiuni xii KypKyMH B JiTepaTypi HE TOBiIOM-

nseTbed. [IpoTUNOKa3aHHAMHU € KOBYHO-KaM'ssHa XBO-
poba, BIZHOCHHM TPOTHIIOKAa3aHHSIM — XBOPOOHW, IIO
CYINPOBO/UKYIOTBCSI BHCOKOH KHCIOTHICTIO B IEpioj
3arOCTPEHHS.

Cepennst  nmiKyBaJIbHO-TIpO(LIAKTHYHA 10OOBA 11032
MIPY BXKUBaHHI CaMOCTIHHO cTaHOBHTH 1,5-3,0 moporky
kopeHst Kypkymu (0,5—1 4. 11.) 32 Tpu nipuiiomMu i yac inu.

= 96

®ditoTtepanis. HYaconuc

OOroeopennsi. BumienaBsenene 3poOleHO HaMH
3 METOK TOiH(OPMYBaTH MNIMPIIMK 3arajl MEIMYHOI
CIUIBHOTH Ta HIIMX 3aIliKaBICHUX OCI0 MPO CydacHHUH
piBEeHb HAYKOBHX 3HaHb PO IF0 OCOOJHUBY CICIII0 Ta
JKapCchbKy POCIHHY, CBITOBHI NOCBiA 11 BUKOPUCTaHHS
IOpu Pi3HUX 3aXBOpIOBaHHAX, y T. 4. COVID-19-in-
¢exrii, mepcneKTUBY i 3aCTOCYBaHHS MPU MOCTKOBiA-
HOMY CHHJIPOMI, Yy MAII€HTIB 13 MOJIi— 1 KOMOPOiTHUMH
mporecaMy. HaM HaneXKUTh 3p0o3yMiTH, YOMYy Hapoau
A3ii, Inmoxuraro, Adpuku, LlentpansHoi 1 IliBmeH-
HOI AMEpHUKHM TaK LIMPOKO BUKOPHCTOBYIOTH MOPOIIOK
KOpeHsI KypKyMH sIK CIICLiI0 y XapuyBaHHI, Ky/liHapii,
M'siconepepoOHii 1 KOHCEpBHIM MPOMHCIOBOCTISIK ii
3aCTOCYBaHHS JIOTIOMarae iM JI0JlaTi YMCIICHHI HEIyTH,
MPOTHAIATH PI3HUM HETaTHBHUM BIUIMBAM THUITY IJIHCT-
HO-TIPOTO30MHOT 1HBa3i1, 1H(eKIii Tomo. Yn He BapTo
HaM, €BPONEHLAM, HACTIAyBaTH B XapuyBaHHI II0 0CO-
ONMUBO LIHHY 3aXHCHY TPaJUIIi0, 0COOIMBO B KOHTEK-
CT1 IPOTPECYIOUOT0 MOTIpIIAHHS MOMYJISILIHHOTO CTaHy
370poB's 3a pi3HUX mpuunH? HOBITHI HayKoBi IOCi-
JUKEHHS KYPKYMH IEMOHCTPYIOTB, IO i HajeXaTh HUHI
1 Ha TIEPCIIEKTHUBY BUIIII TO3HIIIT JIIKyBAIbHO-TIPOQiTaK-
TUYHOTO BHKOPUCTAHHS IIPU IIMPOKOMY CIIEKTPI XBO-
poO cydacHOro JIIOACTBA, OCOOIUBO CTapUIMX BIKOBHX
rpyn. CBiToBa MeIMUHA CMIJILHOTA BOaYae HEOOX1THICTh
MOJAIBIINX IOMIUOIEHUX HOCHIDKEHb L€l IiKaBol
Ta IIHHOI cremii 3 Pi3HOIUTAHOBOIO METaOONIYHO Ta
MOJIIOPTaHHO Jieto. [IpOoCBITHHUIIEKA POJb MEAMYHOI
CHUIBHOTH, 3ac00iB MacoBoi 1 npogeciiiHol iHpopmartii
B 3a3HAUYEHOMY KOHTEKCTI TAaKOX BiJlirpaBaTMe Bax-
By poJib. CHIBHUMU 3yCUIUIIMU 3MOXKEMO TIPUHECTH
KOPHUCTH 3JIOPOB'I0 HAIIIOTO HApOdy Ta 30eperTu Horo
010JIOTTYHUM ITOTEHIIIA.

BucHoBku.

Kypkyma — minHa i mepcmeKTHBHA JIiKapchbKa
pocinHa, cnelisi 3 0araTorpaHHUMHU MeTA00 i YHUMHU
i mosTiopraHHMMH NMPOTEKTOPHUMH BJIACTHBOCTSMH,
31aTHUMHM KOPUTYBATH Ta NPOQLIAKTYBATH CKJIA-
Huii MOpOiTHMiT KoMILIeKe cyuacHoi onunm. Ii poan
B 03/10POBYOMY Xap4yyBaHHi Ha TenepilIHbOMY eTami
iCHyBaHH# JIIOJICTBA MOBHHHA OyTH BHIIOI) Ta BXO-
JUTH SIK JOAATKOBHH 3acCi0 y KOMILIEKCHOMY JiKYy-
BaHHi XBOPHX 3 AIBMILIAMHU NOJi— i KOMOPOiAHOCTI.

IlepcneKTUBHUMM BHIVISIAI0TH TOJANbBII  TOCITi-
JUKEHHS 3 11 BUKOPHCTAHHS B PEBMATOJIOTi, HEBPOIO-
Tii, OHKOJIOTIT Ta IMOCTKOBIAHOMY CHHAPOMI, OCOOIUBO
Yy CTBOPEHHI HOBUX «(QOpPMYyI» Ha OCHOBI KypKyMH
B TO€JHAHHI 3 1HIIMMHU JIKAPCHKHUMH POCIMHAMH YH
XIMIYHUMH YHHHUKAMHU.
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HEALTH AND TREATMENT FACTORS OF USING PHYTOTHERAPY (LITERATURE REVIEW)

Actuality. Phytotherapy has gained considerable popularity in recent years. And although phytotherapeutic agents act more slowly
and require a longer period of time for treatment, they have fewer contraindications and do not act as aggressively on internal organs
(liver, kidneys, pancreas, etc.) as artificial chemical compounds, which are the basis of most medical preparations and drugs. Therefore,
we consider the study of the conditions of use of phytoproducts (fruits, vegetables, herbs) that improve or worsen the consequences of
their use together with other food components as health-healing factors of phytotherapy.

The purpose of the study is to analyze the health-healing factors (conditions of use) of phytoproducts, including vegetables, fruits,
flower petals, herbs, trees and their juices.

Material and methods. Research of special literary sources that shed light on the comparative conditions of use of phytopreparations
and phytoproducts used together with other food components by patients.

Research results. For phytotherapy drugs, as well as for medical drugs, doses and form of application (pills or sachets,
suppositories, solutions of liquids, in ampoules or containers, oral or anal, intravenous, etc.), chemical composition of the drug, its
effect and contraindications have been studied. As for vegetables, fruits, herbs, buds and flowers of plants, the health-healing factors
are covered only sporadically in separate sources, while we use them almost every day, and non-observance of these factors can
significantly harm the health of ordinary citizens. The use of phytoproducts has its own problems: not always the form of administration
and the conditions of their use and quantity contribute to health, often they can be ineffective and even harmful due to non-observance
of health and healing factors (conditions of use), overload the patient, counteract each other or be completely incompatible. Therefore,
in the process of phytotherapy, the rehabilitator must know not only the side effects and contraindications to these means, but also
what are the specific medical and health conditions (factors) of using phytoproducts and means, how they are combined and what is
the sequence of using these means in rehabilitation, so that they complement and enhanced each other's effects and were compatible
with other foods and treatments.

Conclusions. Methods and methods of stagnation of physiotherapy, dosage of stagnation, side effects, contraindications, possibility
of intensive (one-hour) stagnation with one or more medications, temperature and seasonal characteristics of treatment, stasis of
phytoproducts are also present at various stages of treatment and are presented in the range of health and treatment officials. In
special sources, the effect on the body of phytopreparations, their side effects and contraindications, features of use at different stages
of treatment, dosages and form of application, while phytoproducts that we use almost daily, are not sufficiently studied are studied and
mainly considered. Information about the health and medical factors of the use of phytoproducts is covered only sporadically in some
sources, and in _fact non-compliance with these factors can significantly harm the health of ordinary citizens.

Key words: phytotherapy, phytopreparations, phytoproducts, health-healing factors, means application.

© Yu. Vykhliaiev. L. Dudorova, N. Petsenko, S. Chernovsky 10] ==



®disuyHa Tepania. EproTepania. Auckycii

HOpini BUXJIFIEB

00KMOp nedazo2iuHux Hayx, npoghecop, npogecop xageopu 6iobesnexu i 300pos’s moounu, Hayionanoruil
mexniunull ynisepcumem Yrpainu « Kuiscoxuii nonimexuiunuil incmumym imeni leops Cikopcokozoy, bepecmeiicokii
npocn., 37, Kuis, Ykpaina, 03056 (Vyvkh46@i.ua)

ORCID: 0000-0001-8446-8070

Jwoomuna /1Y/IOPOBA

00KMOp NedazociuHux Hayx, npogecop, npoghecop kagdeopu 1eekoi amiemuku, 3umMosux 6udie ma 6e10CUNeOH020
cnopmy, Hayionanvhutl ynisepcumem Qizuunoco suxoeants i cnopmy Yxpainu, éyn. @iskyremypu, 1, Kuis, Yrpaina,
03150 (dudrova.ly@knutd.com.ua)

ORCID: 0000-0002-6263-4995

Haoin IIEIIEHKO

cmapwiuil suxiaoay kagedpu 6iodesnexu i 300pos’si nodunu, Hayionanvnuil mexuivnui ynigepcumem Yxpainu:
«Kuiscokuti nonimexuiunuti incmumym imeni leops Cikopcvkoco», Bbepecmeiticwkiti npocn., 37, Kuis, Yxpaiua,
03056 (petsenko@ukr.net)

ORCID: 0000-0002-3669-2841

Cepziiit YEPHOBChKHH
doxkmop @inocoghii, cmapwuti euxiaday xapedpu QizuurHoeo uxosarus ma 300pos’s, Kuiscvruili HayioHarbHull
YVHigepcumemmexHonozitimaouzauny, eyn. Mara llluanoecvka, 2, Kuis, Yxpaina, 01011 (chernovskij.sm@gmail.com)

ORCID: 0000-0002-1927-9203

Biomiorpadiunmii onuc crarri: Buxises 10., Hynoposa JI., ITenenko H., YeproBcrkuii C. (2024). O3n0posyo-
JIIKyBaJIbHI YHHHUKH 3aCTOCYBaHHS 3ac00iB (iToTepanii (omsiy giteparypu). @imomepanis. Yaconuc, 3, 101-109,
doi: https://doi.org/10.32782/2522-9680-2024-3-101

03/10POBYO-JIKYBAJBbHI YUHHUKHU 3ACTOCYBAHHS 3ACOBIB ®ITOTEPAIIL
(OIS JITEPATYPH)

Axmyanvuicms. B ocmanni poxu ghimomepanis nabysae 3uaunoi nonyisprocmi. 1 xoua ¢pimomepanesmuuni 3acodu 0itomv nogine-
Hiwe i nompedyomy Oinbul 3HAUHO20 MEPMIHY O TIKYBAHHA, 3ame Maloms MeHule NPOMUNOKA3any i He OiloMmb MAK agpecusto HA GHY-
mpiwHi opeanu (NeYiHKY, HUPKU, NIOUWLYHKOBY 3a/103) MOW0), K WNYYHI XIMIYHT CROTYKU, K 3aKIA0EHT 8 OCHOS8Y OLIbULOCIE TIKAPCOKUX
npenapamis i 1ixie. Tomy 00CniONCEHHA YMO8 8oCUBAHHA DIMONPOOYKMIE (ppykmis, 060uis, mpas), AKi NOKpawyioms abo nocipuLyroms
HACTIOKU IX 3ACMOCY8AHHS, PA30M 3 THUMUMU CKAAOHUKAMU IHCI MU PO32TSOAEMO K 0300POSUO-NIKYSAIbHI YUHHUKU himomepanii.

Mema oocnidyicenns — ananiz 0300pP0OGUO-TIKYEANbHUX YUHHUKIE (VMO8 3ACMOCY8AHHS) PimonpooyKmis, y Yucii AKux — 060ui,
¢pyxkmu, nerrocmxu Keimis, mpas, depes ma ixHi coKu.

Mamepian i memoou. [{ocniodcennsi cneyianbuux aimepamypHux 0dicepel, sIKi UCEIMIIOI0Mb NOPIGHSIbHI YMOBU 3ACMOCYBAHMS
¢imonpenapamise ma Gpimonpodykmis, sKi AHCUBAIOMb PA3OM 3 THUUMU CKAAOHUKAMU 12iCT nayieHmu.

Pesynomamu oocnioscennsa. /[na npenapamis ghimomepanii, Ax i 014 IIKAPCbKUX 3ac00i8, 0ocaioxHceno 0o3u i popmy 3acmocy-
eanns (ni2ynxku abo caule, c8iui, POUUHU PIOUH, 8 AMNYIAX ADO EMHOCTAX, OPATIbHA AO0 AHANLHA, HYMPIUHbOBEHHA MOW0), XIMIUHULL
ckaao npenapamy, tio2o 0ilo ma npomunoxaszauns. Lo s cmocyemocs osouis, ¢ppykmis, mpas, 6pynbOK ma KEIMOK pociun, 0300-
POBUO-NIKYBANbHI YUHHUKU BUCGIMIIOIOMBCA Jule eNni300UdHO 8 OKPeMUX 0dcepenax, mooi AK Mu 8ICUBAEMO IX Matldice He WoOHs,
i HEOOMPUMANHS YUX YUHHUKIG MOHCE SHAYHO 3AUIKOOUMU 300PO8 10 NePeCiunux epomMadsan. 3acmocysanns Gimonpooykmie mae ceoi
npobnemu. He 3ascou popma 66edents i yMOBU iX 3aCMOCY8ANHS MA KibKICMb CRPUSIOMb 0300P0GIEHHIO, HEPIOKO BOHU MOJICYMb
Oymu HeegpekmuHUMU | HABIMb WKIOTUBUMU Yepe3 HeOOMPUMAHHS 0300P0GHO-TIKYBATbHUX YUHHUKIG (VMO8 BUKOPUCIMANHS), NepesaH-
masicysamu nayienma, npomudiamu 00uH 00Homy abo oymu 306cim necymicnumu. Tomy y npoyeci gpimomepanii peabinimonoe mae
3HamMu He auuie nodiuni Oii ma NPOMUNOKA3auHs 00 Yux 3acobie, a il AKi came JIKY8AIbHI Ma 0300POYL YMOGU (WUHHUKU) 3ACMOCY-
8anHA imonpooykmie ma 3acodie, AK 60HU NOEOHYIOMbCA | AKA NOCAIO08HICTNG GUKOPUCAHHSA YUX 3ac00is y peabinimayii, w06 6onu
00n08HIVEANU | NIOCUNIOBANU QIO OOUH OOHO20 T OYIU CYMICHUMU 3 THUUMU NPOOYKMAMU IXHCT Ma Memooamu Ky 8aHHsI.

Bucnoeok. Cnocobu i ymosu 3acmocysanus 3acobie ¢pimomepanii, 0o3u 3acmocyeanis, nodiuni 0ii, NpOMUNOKA3aHH, MONUCIU-
8icmb cymicHoeo (00HouacH020) 3acMOCyBanis 00UH 3 OOHUM Ma 3 TIKAPCbKUMU npenapamami, memnepamypii ma ce3onui ocoonu-
60CMI BIACUBANHSL, 3ACMOCYS8AHHA DIMONPOOYKMIE Hamuye ma HA PI3HUX emanax JNiKy8aHHs NPONOHYEMbCA UOLIAMU K 0300P06Y0-Ti-
KVBANbHI YUHHUKU, A0Jice Y CReYIanbHUX 0dicepenax 00Cai0NCeHa I NEPEeGadCHO PO32TA0AEMbCS Ol HA OPeaHizmM came imonpenapamis,
iXHa nobiyHa Ois ma nPOMUNOKA3AHHs, 0COOIUBOCT 3ACMOCYBAHNS HA PISHUX emanax JIKYeanus, 003u i popma 3acmocysanus, mooi
AK Qimonpooykmu, SKi M 8HCUBAEMO Matidice WOOeHHO, 00CTIONHceHO HedocmamHbo. Inghopmayis npo 0300po8uo-NiKy6anbHi YUHHUKU
3acmocyeanis PimonpooyKmis 6UCEIMAIOIOMbCA e eni300UdHO 8 OKPeMUX 0JCepenax, aie He HeOOMPUMAHHA YUX YUHHUKIG Modice
SHAUHO 3AUKOOUMU 300P08 10 NePeCiuHUX 2DOMAOSIH.

Knwouosi crosa: pimomepanis, gpimonpenapamu, (pimonpooykmu, 0300p0840-NiKY8ANbHI YUHHUKU, 3ACO0U 3ACTOCYBAHHSL.
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Aktuality. In recent years, phytotherapy has gained
significant popularity (Velya, 2023; Hutsol, 2023;
IInytska, 2024; Kravchenko, Mishchenko, Levchenko,
2020). New drugs are being discovered, such as artemis-
inin, which was awarded the Nobel Prize in Physiology
or Medicine (Xin-Zhuan Su, Louis H. Miller, 2019). And
although phytotherapeutic agents act more slowly and
require a longer period of time for treatment, they have
fewer contraindications and do not act as aggressively
on internal organs (liver, kidneys, pancreas, etc.) as arti-
ficial chemical compounds, which are the basis of most
medical preparations and drugs (Garna, Vladimirova,
Burd, 2016; Kobzar, 2007). The properties of plants that
are characteristic of a particular area have been studied
(Hulko, 2005; Kolesnyk, Kornievsky, Panasenko, 2013;
Newmaster, Grguric, Shanmughanandhan, Ramalingam,
Ragupathy, 2019). The use of phytopreparations and
phytoproducts in cardiology has significant advantages
(Kornievsky, Kraydashenko, Krasko, Boguslavska,
Kornievska, 2017). Physiotherapy for patients with
hypertension and cervical fibromyalgia is being studied
(Kovaleva, 2022). The toxic properties of plants, mech-
anisms of bioactivation of plant components are high-
lighted and studied (Kornievskyi, 2012; Bo Wen, Peter
Gorycki, 2019). Separate areas of phytoplant application
are developing, for example in phytoremediation (Tsyt-
syura, Skatula, Zabarna, Pelech, 2022).

Dosages and forms of administration, chemical com-
position of the drug, its action and contraindications have
been studied for herbal medicine, as well as for medical
drugs (Kovalenko, 2014; Benzel, Darmogray, Oliynyk,
2010; Aviva Romm, 2019; Bone, Mills, 2012). As for
vegetables, fruits, herbs, buds and flowers of plants, the
health-healing factors are highlighted only episodically in
separate sources (Ikhlas et al, 2019; Heinrich, 2012; Shel-
ton, 2009), while we use them almost daily and non-obser-
vance of these factors can significantly harm the health of
ordinary citizens, especially women and children (Barues,
Anderson, Phillipson, 2007; Ilnytska, 2024).

The use of phytoremedies, herbs, vegetables, and
fruits has its own problems: not always the form of inva-
sion and the conditions of their use and quantity contrib-
ute to a faster recovery, often they can be ineffective and
even harmful due to non-observance of health and healing
factors (conditions) of use, overload the patient, counter-
act each other or be completely incompatible (Garnyk,
Petrishcheva, Ignatova, 2019; Ikhlas A. Khan, Ehab,
2019; Heinrich, 2012). Therefore, in the process of phy-
totherapy, the rehabilitator should know not only the side
effects and contraindications to these remedies, but also
what are the specific medical and health conditions (fac-
tors) of the use of phytoproducts and remedies, how they
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are combined, and what is the sequence of using natural
ingredients in rehabilitation, so that they complement and
enhanced the effect of each other and were compatible with
other food products and treatment methods (Kornievsky,
Panasenko, Kornievska, 2012; Konovalova, Mitchenko,
Shuraeva, 2008; Bo Wen, Peter Gorycki, 2019). In most
special sources on phytotherapy, these issues are covered
only partially. Even in recent years, works have been
published emphasizing that phytotherapy is a complex
science and should include not only information about
the plant, its chemical composition, medicinal products,
methods of obtaining them, symptoms of the disease,
diagnosis and methods of its treatment. Side effects and
contraindications, or, for example, the specifics of the use
of herbal preparations at various stages of treatment, are
investigated in detail, which is very important (Garna,
Vladimirova, Burd, 2016), however, this applies to herbal
preparations, while the comprehensive coverage of
health-healing factors in the use of herbal products is not
given enough attention, although Herbert Shelton in the
50-60 of the last century made the first discoveries and
emphasized the importance of researching this problem
(Shelton, 2009).

The purpose of the study is to analyze the
health-healing factors (conditions of use) of phytoprod-
ucts, including vegetables, fruits, petals of flowers, herbs
and trees, etc.

Research materials and methods. Research of spe-
cial literary sources that shed light on the comparative
conditions of use of phytopreparations and phytoproducts
used together with other food components by patients.

Research results and discussion. Phytotherapy is a
method of treatment, in which the main drugs are herbal
medicines and herbs, fruits and vegetables, which con-
tain a complex of biologically active substances. The
use of these various means and methods of phytotherapy
should be aimed at achieving the maximum health and
healing effect in the shortest possible time. However,
the form of administration and the conditions of use,
the amount, do not always contribute to faster recovery,
often phyto-products can be ineffective and even harm-
ful due to non-observance of health and healing factors
(conditions) of use, overload the patient, counteract each
other or be completely incompatible. Therefore, in the
process of phytotherapy, the rehabilitator must know
not only the contraindications and side effects of these
phytoproducts, but also the exact therapeutic and health
conditions (factors) of the use of phytoproducts, how
they are combined, and what is the sequence of using
these rehabilitation tools so that they complement and
enhance the effect of one one and were compatible with
other foods and treatments.
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Let's consider table, which is compiled according to a
scheme typical for most sources, where the effect of some
vitamins and plants on the human body is presented.

The data presented in table show that the action of
vitamins and plants is very important and useful, but the
health-healing factors of their use are not indicated. Let's
analyze what we mean by health and healing factors:

1. The method and conditions of use — there are very
few publications in which form and how to take the
above-mentioned vitamins and products, because they
can be taken in the form of pills, dessert or oral drinks
with food, and they can be administered in the form of
solutions by the electrophoresis method. In the first case,
the drug is distributed more or less evenly throughout
the body, in the second case, it is concentrated in the area
where it is most needed.

2. Doses of use. They are usually indicated on herbal
preparations, but as for fruits and vegetables, the optimal
dose of consumption is not always known to the average
consumer, while an overabundance of them can provoke
very unpleasant health problems. For example, carrots
and oranges contain a lot of vitamin A, which in large
quantities can have a negative effect on the liver, cause
heartburn, contribute to impaired kidney function, so
carrot-orange juice does not make sense for consump-
tion, it does not meet the health and healing factors
despite persistent advertising .

3. Contraindications. Different enzymes are needed
to digest each type of food. Eating different foods at the
same time reduces the efficiency of food processing,
slows down digestion, causes putrefactive processes, the
formation of gases, etc. Many herbal medicines have side

Table

The effect of some vitamins and plants on the human body

Vitamins and some plants

Impact on the body

Vitamin A Normalizes the permeability of small capillaries.

Vitamin B1 Strengthens the heart muscle. Prevents the occurrence heart attack.

Vitamin B2 Increases the amount of oxygen in the blood.

Vitamin B3 Dilates blood vessels, lowers pressure immediately after taking.

Vitamin B12 Vitamin B12 improves blood clotting.

Vitamin C Strengthens and tones the walls of blood vessels. reduces the probability development of
atherosclerosis and hypertensive crisis.

Vitamin D Strengthens immunity, protection against bacteria, viruses, infections, eases the severity of the
transfer of any diseases, reduces the risk of respiratory infection, regulates production cytokines
and can limit the threat of viral diseases such as the flu.

Vitamin D3 Stimulates the work of various organs and systems of the human body, including the immune,
nervous, musculoskeletal, cardiovascular, endocrine systems, helps restore strength, healthy
sleep and improve mood, etc.

Vitamin E Vitamin E is an antidepressant, protects skin and eye cells from degeneration and damage.

Vitamin K (parsley, spinach,
cabbage, rose hip)
antibiotics.

Helps to strengthen capillaries and stop bleeding. The need increases with hepatitis, liver
cirrhosis, intestinal disorders, gallstone disease, bleeding, as well as with long-term use of

Hypericum perforatum

Reduces spasms of the intestines and bile ducts, normalizes the excretory function of the gastric
glands, expands blood vessels, increases blood circulation, has an anti-inflammatory effect on
the mucous membranes of the digestive tract, an astringent and bacteriostatic effect. The use

of St. John's wort is indicated and gives a good therapeutic effect for dyskinesia of the biliary
tract, hepatitis, stagnation of bile in the gallbladder, cholecystitis, gallstone disease (in the initial
stage), hypoacid gastritis, flatulence, acute and chronic colitis, simple and bloody diarrhea and
hemorrhoids . As a diuretic, St. John's wort is used for kidney stone disease (in the initial stage)
and when the filtration capacity of the kidneys is reduced.

Crataegus oxycanlha

It has a cardiotonic, antispasmodic, hypotensive, sedative and desensitizing effect. Increases the
force of heart contractions, regulates blood pressure (increased — lowers, decreased — increases),
reduces excitability of the nervous system.

Comarum palustre

Stimulates collagen synthesis, improves cell regeneration, preventing the destruction of joint
tissue; prevents inflammatory processes in the joints, normalizes metabolism in joints and around
joint tissues; stimulates blood microcirculation, prevents the deposition of salts.

Leonurus cardiaca

with vegetoneurosis.

It has antispasmodic, sedative and hypotensive properties, slows the heart rate, increases the
force of heart contractions, has a weak diuretic effect, regulates the menstrual cycle and the
functions of the digestive system. It is used for cardiosclerosis, increased blood pressure, angina
pectoris, myocarditis, cardioneurosis, excessive nervous excitability, especially when it is
associated with menopause in women and prostate hypertrophy in men, in case of psychasthenia
and neurasthenia, accompanied by insomnia, a feeling of tension and increased reactivity, and
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effects that are unknown to consumers Often, informa-
tion about precautions, side effects and interactions with
conventional medicines is not indicated on the packag-
ing of herbal medicines and on the inserts contained in
the package. Many herbal preparations are not licensed
and do not meet any safety and quality standards, and are
sold under the guise of food supplements. Only 13 per-
cent of peer-reviewed drugs had instructions, and only 3
of these had sufficient information on safe use (Raynor,
Dickinson, Knapp, Long, Nicolson, 2011, pp. 94-95).

Phytoproducts have even more contraindications
unknown to ordinary citizens, for example, parsley has
an excellent antispasmodic, diuretic and choleretic effect,
dissolves sand and stones in the urinary tract, successfully
copes with edema of cardiac origin, eliminates inflamma-
tory processes in the urinary bladder, increases the tone
of the uterus. But the use of parsley is contraindicated in
acute cystitis, pyelonephritis and gout, as well as during
pregnancy, as the plant has abortifacient properties.

It is contraindicated to eat food rich in proteins
(proteins) together with starchy foods, as the stomach
secretes acid that destroys amylase, which is contained
in saliva, and the breakdown of starch occurs precisely
under the influence of the amylase enzyme, that is, pro-
teins and starch cannot be processed into one and the
same at the same time, as well as meat and potatoes,
moreover, starch is incompatible with acid-rich foods.
Incompatible proteins with acidic fruits or tomatoes, as
pepsin is destroyed under the influence of most acids,
including fruit acids. It is undesirable to combine fats
with proteins, which interfere with the secretion of gas-
tric juice and interfere with the digestion of proteins.
Also, when sugar and starch enter the body at the same
time, then sugar will be processed first, which has the
property of fermenting in the stomach, thereby produc-
ing an enzyme that destroys amylase in saliva, which is
necessary for starch processing. It is not advisable to mix
sugar with proteins. Sugar will interfere with the secre-
tion of gastric juice, thereby interfering with the diges-
tion of proteins. Sugar is digested only after the proteins
have been digested, waiting for its turn, the sugar will
begin to ferment (Shelton, 2009).

For arthrosis, a chronic disease of the joints, which
occurs in old age and tends to worsen over the years, an
irreplaceable herbal remedy is «Comarum palustre». With
age, the human body produces less and less collagen —
the building material for cartilage tissue and joints,
ligaments weaken, and useful micronutrients are absorbed
worse. Heredity and past injuries are also important.
This leads to thinning, deformation and destruction of
cartilage. Arthrosis is manifested by pain and reduced
joint mobility. «Comarum palustre» stimulates collagen
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synthesis, improves cell regeneration, preventing the
destruction of joint tissue; prevents inflammatory
processes in the joints, normalizes metabolism in the
joints and surrounding joint tissues; stimulates blood
microcirculation, prevents salt deposition. Regular use
of preparations from «Comarum palustre» helps to avoid
the occurrence of arthrosis or to overcome the disease
even in old age. But there are also contraindications
for its use — individual intolerance of the plant and low
blood pressure in the patient, hypotension, epilepsy,
neurological diseases, bradycardia (Grodzinsky, 1992;
Tsitsyura, Shkatula, Zabarna, Peleh, 2022; Volodina,
Korotkevich, Romanyuk, Galkin, Kolybo, Komisarenko,
2017).

4. Compatibility (simultaneity) of use with hospital
drugs. It is not always possible to use food products
at the same time as taking medical drugs, as the action
of these drugs can be blocked by chemical compounds
containing some vegetables and fruits, especially citrus
fruits, dairy and smoked products, etc. For example, you
cannot combine taking grapefruits and cough medicine.
This also applies to the combination of medical drugs
with lime and pomelo. These fruits block the production
of'an enzyme that processes statins and other drugs, such
as the cough medicine dextromethorphan. As a result,
the drug accumulates in the blood, which can lead to
unwanted side effects. In the case of a combination of
citrus fruits with dextromethorphan, hallucinations and
drowsiness may appear, and with statins — serious mus-
cle damage. The effect of these fruits lasts a little more
than a day, so you should take them and the medicine
with an interval of at least 24 hours.

Phyto products or fruits containing ascorbic acid
increase the absorption of iron from meat food, which
is usually absorbed by 20-50%, while dairy products
reduce this absorption of iron, especially against the
background of chronic inflammation. At the same time,
these drugs and apple, orange, or grapefruit juice should
not be consumed at the same time as hay fever medica-
tions, as these juices inhibit the peptide that transports
the medication from the intestine into the bloodstream.
As a result, the effectiveness of the drug decreases by
70 percent, which will make its use ineffective. Also,
these juices should not be consumed while taking the
antibiotic ciprofloxacin, thyroid medications, or allergy
and asthma medications. The interval between taking the
above medicines and juices should be at least 4 hours.

Barberry is used to thin the blood, because it con-
tains a lot of vitamin K. Foods such as broccoli or leafy
greens also have a large amount of vitamin K, which
plays a key role in blood clotting, and its reduction will
have a bad effect on its density. But here another prob-
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lem arises. Cinnamon contains the substance Coumarin,
which, like the drug Varvarin, thins the blood. Taking
both of these substances can cause serious liver dam-
age. If you take Varvarin but can't live without a cup of
aromatic coffee with cinnamon, you should switch to a
high-quality Ceylon variety of cinnamon (Kornievsky,
Kornievska, Kulichenko, Panchenko, 2021).

There are incompatible products that contain incom-
patible ingredients in food and drinks and can provoke
indigestion and the related symptoms of discomfort and
fatigue, and this is in the mildest case, so it is better to
avoid them. For example, the combination of coffee and
milk is undesirable, since the tannins contained in coffee
have a "binding" effect and prevent the protein contained
in milk from being absorbed. The combination of coffee
tannins and milk protein casein forms a substance that
is poorly absorbed and therefore remains in the stom-
ach for a long time. In the long term, this can seriously
undermine health and even provoke stomach cancer.

5. Temperature features of use. Honey and hot tea or
other hot liquid are also undesirable to combine, although
they are individually beneficial for health. When honey
is heated to 60 degrees, it synthesizes substances that
can affect the body like real toxins that accumulate in it,
destroy the integrity of cells and create an additional bur-
den on the liver. It is more effective to consume honey
in a bite with warm liquids — water, tea or milk (Jarvys,
1981; Kravchenko, Mishchenko, Levchenko, 2020).

6. Eating phytoproducts on an empty stomach. The
incompatibility of eating some fruits on an empty stomach
has been established, for example, sweets and pears can
have a negative effect on the body. Crude fiber, with which
pears of any variety are saturated, is useful for the intes-
tine, but before that it needs to be filled with other food,
therefore, as a dessert, pears in limited quantities are very
useful, but on an empty stomach they are very difficult
for the stomach and can even harm and injure its mucous
membrane. Also, once in the stomach, sweet fruits provoke
the release of insulin. For the pancreas, this is an extreme
irritant, which requires it to engage in an emergency action
to neutralize insulin from a state of complete rest. Regular
consumption of sweet fruits in large quantities can lead to
digestive disorders, and if too much sweets are consumed
on an empty stomach, there is a risk of diabetes.

Bananas are rich in magnesium and useful for the
body, but it is not recommended to use them on an empty
stomach, as magnesium is absorbed very quickly, and it
is a significant threat to the heart muscle.

Green vegetables on an empty stomach are not rec-
ommended to be consumed raw as salads, as they are
digested very slowly, and with insufficient amount of
gastric juice — even more slowly, and until the body
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begins to digest the acids that are part of the vegetables,
conditions are created for the occurrence of heartburn.

7. Peculiarities of seasonal food consumption. In the
cold season, food should be warming, rich in nutrients
and oily to give energy and strengthen immunity. In the
summer, it is necessary to consume an increased amount
of liquid, for example, okroshka, kvass, cooling drinks,
but they should not contain sugar and undesirable emul-
sifiers. There are well-known examples of seasonal fluc-
tuations in the efficiency of plants. In particular, adap-
togens (ginseng, leuzea, eleutherococcus, golden root,
etc.) are not recommended to be prescribed in summer,
in hot weather, glucocorticoids are more effective in
spring, and sleeping pills — in autumn and winter.

8. Features of use at different stages of the disease.
In the initial stages of the disease (development of clini-
cal signs), herbal remedies can be essential, able to pre-
vent the further development of the disease or reduce its
manifestations. At the stage of the active phase of the
disease, the use of modern potent drugs is more effec-
tive. Phytopreparations can serve as means of additional
therapy to reduce toxicity and the risk of complications,
increase the effectiveness of the main treatment, and cor-
rect impaired body functions. At the stage of recovery,
complex herbal remedies should increasingly replace
synthetic ones, replacing them completely at the end
of treatment. The leading role is played by complex
herbal preparations at the stage of relapse treatment, at
the stage of rehabilitation. Advantages: low toxicity, low
risk of complications, the possibility of long-term use
in chronic diseases, where herbal remedies can be used
as a supportive therapy between courses of the main
treatment (Garna, Vladimirova, Burd, 2016; Arkhy-
pova, Deriabin, Trokhymchuk, Starosyla, Atamaniuk,
Zavelevich, Vialykh, Rybalko, Galkin, 2023).

9. Features of application for different population
groups. The age of the patient, gender, genetic factors,
the state of the body at that moment, and biorhythms
are essential for predicting the result of the pharmaco-
logical effect on the body. The use of phytoproducts and
phytopreparations in women and children was studied,
and it was established that they have significant features
(Ilnytska, 2024; Kravchenko, Mishchenko, Levchenko,
2020).

As can be seen from the presented materials, it
seemed that known products change their effect depend-
ing on their interaction with each other and even on
the temperature of the substance during use. Also, the
effect of some vitamins on the human body, presented
in Table 1, has been studied, but how they interact with
each other, their complex action and compatibility, the
sequence of use requires additional research.
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In our further work, we plan to investigate the meth-
ods of introduction of phytopreparations by means of
electrophoresis and their interaction with electrostimu-
lation and electromassage.

Conclusions

1. By health-healing factors, we understand the con-
ditions of use of phytotherapy products, namely: the
method and conditions of use, doses of use, side effects,
contraindications, the possibility of compatible (simul-
taneous) use with each other and with hospital drugs,
temperature and seasonal features of use, the use of
phytoproducts on an empty stomach, in different popu-
lation groups and at different stages of treatment.

2. The influence of herbal preparations on the
body, their side effects and contraindications, their

®disuyHa Tepania. EproTepania. Auckycii

use at different stages of treatment, doses and forms
of administration are studied and considered in
detail in special sources. As for phytoproducts, the
health-healing factors of their use are highlighted
only sporadically in separate sources, while we use
them almost daily, and non-observance of these fac-
tors can significantly harm the health of ordinary
citizens.

3. The interaction of phytoproducts, vegetables,
and fruits with means of physical therapy (pre-
formed factors), especially such as electrophoresis,
electrostimulation and electromassage, infrared irra-
diation, which requires additional research, is insuf-
ficiently studied.
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03/I0POBYO-JIIKYBAJBHI YAUHHUKH 3ACTOCYBAHHS 3ACOBIB ®ITOTEPAMNI|
(OTJISI/L JIITEPATYPH)

Axmyansvuicms. B ocmanni poxu ghimomepanis nabysae 3uaunoi nonyisprocmi. 1 xoua gpimomepaneemuuni 3acodu 0itomv nogine-
Hiwe i nompedyomy Oiibul 3HAUHO20 MEPMIHY OIS TIKYBAHHA, 3ame MAloms MeHue NPOMUNOKAsams i He Oil0mb MAK agpecusto HA GHY-
MpiwHi opeanu (NewinHKy, HUpKU, RIOULTYHKOBY 3A103Y MOWO), SIK WMYYHI XIMIYHI CROTYKU, WO 3aKIA0eH] 8 OCHO8Y DIIbulOCI TIKAPHAHUX
npenapamis i 1ixie. Tomy 00CiONCEHHA YMOB VYIHCUBAHHA DIMONPOOYKmia (ppykmis, 0604ie, mpas), AKi NOKpawyioms abo nocipuLyroms
HACHIOKU IX 3aCMOCY8aHSL, PA30M 3 THUWUMU CKIAOHUKAMU IJICT MU PO32TSAOAEMO SIK 0300POSYO-TIKYBANbHI YUHHUKU (himomepanii.

Mema oocnidyncenns — ananiz 0300pP0OGUO-TIKYEANbHUX YUHHUKIE (VMO8 3ACMOCY8AHHS) (PimonpooyKmis, y Yucii sKux — 060ui,
¢pyxkmu, nerrocmxu Keimis, mpas, depes ma ixHi coKu.

Mamepian i memoou. /locniodxcenns cneyianbHux 1imepamypHux 0xcepei, AKi 8UCGIMII0I0Mb NOPIGHANbHI YMOBU 3ACMOCYBAHH
¢imonpenapamie ma Gimonpodykmis, sKi AHCUBAIOMb PA3OM 3 THUUMU CKAAOHUKAMU 12iCT nayienmu.

Pesynomamu oocnioscenna. /s npenapamis ¢pimomepanii, K i 01s JIKAPHAHUX 340018, 00CTIONHCEHO 003U I hopma 3acmocy-
6anns (nieynku abo cawe, c8iui, po3UUHU PIOUH, 8 aMNyiax abo EMHOCMAX, OPAIbHA a0 AHATbHA, GHYMPIUHbOSCHHA MOWO), XiMiu-
Hull cknao npenapamy, io2o Ois ma npomunoxasauns. Lo oc cmocyemuvcs ogouis, ¢hpykmis, mpas, OpyHbOK ma KEIMoK pOCIuH,
0300p06YO-NIKYBANbHI YUHHUKU BUCGIMIIOIOMbCS JUE eNni300UtHO 8 OKpeMUX 0dicependax, mooi K MU 8XCUBAEMO iX Matidice WoOoHs,
i HEOOMPUMAHHSA YUX YUHHUKIG MOHCE SHAYHO 3AUIKOOUMU 300P08 10 NEPECIUHUX ePOMAOAN. 3acmocysants imonpooyKmie mae ceoi
npobnemu. He 3a624c0U hopma 68edenHs i yMOBU iX 3aCMoCy8anHs ma KibKiCmb CHPUSE 0300POGAEHHIO, HEPIOKO 60HU MOJUCYMb OYmMu
HeeghexmusHUMU | HABIMb WKIOIUBUMYU Yepe3 HeOOMPUMAHHS 0300POGUO-TIKYBANbHUX YUHHUKIG (VMO8 6UKOPUCMAHHS), NepesaHma-
Jrcyeamu nayichma, npomuodismu 00un 00Homy abo oymu 306cim necymicnumu. Tomy 6 npoyeci pimomepanii peabinimonoe mae snamu
He minvku nobiuni Oii ma npomunokasanHs 0o yux 3acobie, a i AKi came AIKY8ANbHI Ma 0300p0GYI YMOGU (YUHHUKL) 3ACIOCYBANHS
¢imonpooykmie ma 3aco6i8, AK BOHU NOEOHYIOMbCA | AKA NOCAIO08HICTNG BUKOPUCIIAHHA YUX 3ac00i8 y peabinimayii, ujob 60HU 00N0G-
HIO8AIU [ NIOCUNIOBANU OiI0 OOUH OOHO20 T OVIIU CYMICHUMU 3 THULUMU NPOOYKMAMU ici ma Memooamu iiKy8aHHI.

Bucnogok. Cnocobu i ymosu sacmocyeanns 3acobie gimomepanii, 0osu 3acmocyeanns, nooiuni Oii, nPOMUNOKA3AHH, MOICTUBICHIb
CYMiCHO20 (00HOUACHO20) 3ACMOCYBAHHSA 00UH 3 OOHUM MA 3 NIKAPCLKUMU NPEenapamamii, memMnepamypHi ma ce301ii 0coOnUBOCMI 6ICUBAHMNS,
3acmocyeanHs (iimonpooykmie Hamue ma Ha pisHUX emanax JiKy6aHHs NPONOHYEMbCA SUOLTAMU K 0300POGHO-TIKYEANbHI YUHHUKUY, A0dice
6 CneyianbHUX 0Jicepenax OOCTIONCEHA [ NePEBAdICHO PO3TAOAEMbCsL Oisi HA OPeaHizm came gimonpenapamis, ix nodiuHa dis ma npomunoxa-
3aHHS, 0COONUBOCMI 3ACMOCYBAHHSA HA PI3HUX emanax JiKyéanHs, 003u i ¢hopma 3acmocyeants, mooi sk (imonpooyKmu, sKi Mu 8HCUBAEMO
maiivice wooHs, 00CTiOxNceHi Hedocmantpo. THopmayis npo 0300pPOEUO-TIKYEATbH YUHHUKU 3ACTOCY8AHHS (DIMONPOOYKNIE GUCSIMIIOIOMbCS
Je eni300UtHO 8 OKPEeMUX 0ACePendx, ane He HeOOMPUMAHHS YUX YUHHUKIE MOICE 3HAUHO 3AUKOOUMU 300P08 10 NEPECIUHUX SPDOMAOSIH.

Knrouogi cnosa: pimomepanis, ¢pimonpenapamu, pimonpooykmu, 0300po640-niKy6anibHi YUHHUK, 3ACO0U, 3ACTNOCYBAHHSL.
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HEALTH AND TREATMENT FACTORS OF USING PHYTOTHERAPY (LITERATURE REVIEW)

Actuality. Phytotherapy has gained considerable popularity in recent years. And although phytotherapeutic agents act more slowly
and require a longer period of time for treatment, they have fewer contraindications and do not act as aggressively on internal
organs (liver, kidneys, pancreas, etc.) as artificial chemical compounds, which are the basis of most hospital preparations and drugs
. Therefore, we consider the study of the conditions of use of phytoproducts (fruits, vegetables, herbs) that improve or worsen the
consequences of their use together with other food components as health-healing factors of phytotherapy.

The purpose of the study is to analyze the health-healing factors (conditions of use) of phytoproducts, including vegetables, fruits,
flower petals, herbs, trees and their juices.

Material and methods. Research of special literary sources that shed light on the comparative conditions of use of phytopreparations
and phytoproducts used together with other food components by patients.

Research results. For phytotherapy drugs, as well as for medical drugs, doses and form of application (pills or sachets,
suppositories, solutions of liquids, in ampoules or containers, oral or anal, intravenous, etc.), chemical composition of the drug, its
effect and contraindications have been studied. As for vegetables, fruits, herbs, buds and flowers of plants, the health-healing factors
are covered only sporadically in separate sources, while we use them almost every day, and non-observance of these factors can
significantly harm the health of ordinary citizens. The use of phytoproducts has its own problems: not always the form of administration
and the conditions of their use and quantity contribute to health, often they can be ineffective and even harmful due to non-observance
of health and healing factors (conditions of use), overload the patient, counteract each other or be completely incompatible. Therefore,
in the process of phytotherapy, the rehabilitator must know not only the side effects and contraindications to these means, but also
what are the specific medical and health conditions (factors) of using phyto products and means, how they are combined and what is
the sequence of using these means in rehabilitation, so that they complement and enhanced each other's effects and were compatible
with other foods and treatments.

Conclusions. Methods and methods of stagnation of physiotherapy, dosage of stagnation, side effects, contraindications, possibility
of intensive (one-hour) stagnation with one or more medications, temperature and seasonal characteristics of treatment, stasis of
phytoproducts are also present at various stages of treatment and are presented in the range of health and treatment officials. In
special sources, the effect on the body of phytopreparations, their side effects and contraindications, features of use at different stages
of treatment, dosages and form of application, while phytoproducts that we use almost daily, are not sufficiently studied are studied and
mainly considered. Information about the health and medical factors of the use of phytoproducts is covered only sporadically in some
sources, and in fact non-compliance with these factors can significantly harm the health of ordinary citizens.

Key words: phytotherapy, phytopreparations, phytoproducts, health-healing factors, means, application.
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Beryn. AkrtyaabHicTb. B octanHi poxm ¢itoTe-
pamist HaOyBae 3HawyHOI momynspHocti (Bens, 2023;
I'ymom, 2023; Inpaunkka, 2024; KpaBuenko, MileHko,
Jlepuenko, 2020). BinOyBaeTbcsi CTBOPEHHS HOBHUX
IpenapariB, HaIIPUKIIA] apTEeMi3HHIHY, IO BiA3HAYEHO
HoOGeniBcbkoro mipeMi€ero 3 (izioyiorii Ta MEIUIUHH
(Xin-Zhuan Su, Louis H. Miller, 2019). I xoua ¢itote-
pamneBTHYHI 3acO0M JIFOTh TOBIJIBHINIE 1 TOTPEOYIOTH
ORI 3HAYHOTO TEPMiHY JUIsl JIIKYBaHHS, 3aT€ MAroTh
MEHIIIC TPOTUIIOKAa3aHb 1 HE TIIOTh TaK arpecHBHO Ha
BHYTpIIIHI OpraHu (TME4iHKY, HUPKH, MiAIUTYHKOBY
3aJ103y TOIIO), K IITyYHI XIMIYHI CIIOJMYKH, SIKi 3aKJia-
JICHI B OCHOBY O1JIBIIIOCTI JTIKAPCHKUX MPEIapariB i JIiKiB
(I'apna, Bmagmmuposa, bypn, 2016; Ko63ap, 2007).
JlocmipkeHo BIACTUBOCTI POCIHH, SIKI XapaKTepHi JUis
tiel yu iHmoi micueBocti (I'ynmeko, 2005; KosnecHuk,
KopHnieBcbkuii, [Tanacenko, 2013; Newmaster, Grguric,
Shanmughanandhan, Ramalingam, Ragupathy, 2019).
3Ha4Hi epeBaru Mae 3aCTOCyBaHHS (hiTonpenaparis Ta
¢itonponykTiB y kapmionorii (KopHieBchkuii, Kpaiina-
meHko, Kpaceko, Borycnasceka, KopnieBcrka, 2017).
Jocnimkyerses ¢izioTepartis XBOPUX Ha TIMEPTOHIYHY
xBopoOy Ta muepBikambHy (idpomianrito (Kovaleva,
2022). BHCBITIIOIOTHCS 1 BUBYAIOTHCS TOKCHYHI Biia-
CTHBOCTI POCIIMH, MEXaHi3MH 010aKTHBAIlil POCIMHHUX
koMioHeHTIB  (KopHieBchkuit, Ilanacenko, Kophies-
cpka, 2012; Bo Wen, Peter, Gorycki, 2019). Po3Buga-
FOTBCSI OKpEMi HaIlpsSIMU 3aCTOCYBAHHS POCIHH, HAPH-
K1a7y itopemeniarii ta ditopexynsrusarii (L{umtopa,
[lIkatyna, 3abapHa, [lenex, 2022).

s npenapatiB Qitoreparii, K 1 Ui JTIKaQpChKUAX
3ac00iB, JOCTIDKCHO J03M 1 (opMa 3acToCyBaHHS,
XIMIYHMH CKJIaJ TIpemapary, Horo nis Ta MpOTHUIIOKa-
sanHs (Koanenko, 2014; bensens, Jlapmorpaii, Omiii-
Huk, 2010; Aviva Romm, 2019; Bone, Mills, 2012). I1lo
K CTOCYETBHCS OBOYIB, (PPYKTIB, TpaB, OPYHBOK Ta KBITOK
POCIMH, O030POBYO-TIKYBaJIbHI UYHHHUKH BHCBITIIO-
FOThCS JIMIIE eMi30uYHO B okpeMux jukepenax (Ikhlas
A. Khan, Ehab, 2019; Heinrich, 2012; Shelton, 2009),
TOMI SIK MH BXXKHBAa€EMO iX Maike MIOMHS, 1 HEAOTPH-
MaHHS [[UX YUHHUKIB MOXXC 3HAYHO 3aINKOAUTH 3J10-
POB’I0 TIEPECIYHHUX TPOMAJISTH, OCOOIUBO XKIHOK 1 JITCH
(Barues, Anderson, Phillipson, 2007; [npanibka, 2024).

3acrocyBanHs (hiTo3aco0iB, TpaB, OBOUIB, (PpPYyK-
TiB Ma€ CBOI NMPOOJIEMH: HE 3aBXAN (opMa BBEACHHS
1 YMOBH iX 3aCTOCYBaHHS Ta KiJIbKICTh CIIPHSIE CKOPi-
IIOMY OJIyXaHHIO, HEPiJIKO BOHH MOXYTh OyTH Heedek-
TUBHHMH 1 HaBITh IIKI[UINBUMH Yepe3 HEIOTPHMAHHS
03/I0pPOBYMX Ta JIKYBaJbHUX YMHHHKIB (YMOB) BHKO-
pHUCTaHHS, TIEPEBAaHTAXCHHS IMAII€HTA, TPOTHIII0 OIUH
onHoMy abo 3oBciM HecymicHi ('apauk, [letpimiesa,
Irmarosa, 2019; Ikhlas A. Khan, Ehab, 2019; Heinrich,
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2012). Tomy B mporeci ¢itoTeparmii peadimiTonor mae
3HATH HE JIMIIE MOOIUHI Jii Ta MPOTHITOKA3aHHS J0 [UX
3aco0iB, a i sKi came JIiKyBalbHI Ta 030POBYi YMOBHU
(YMHHMKH) 3aCTOCYBaHHS (DITOMPOIYKTIB Ta 3ac00iB, 5K
BOHH TMOETHYFOTBCS 1 SIKa TOCHIIOBHICTh BUKOPUCTAHHS
MPUPOJHUX I1HTPEIIEHTIB y peabumiTarii, mo0d BOHH
JIOTIOBHIOBAJIX 1 TICUITFOBAJIM [IiFO OJIMH OJHOTO 1 OyiH
CYMICHUMH 3 IHIIUMH TPOAYKTaMH TKI Ta METOJaMH
nixyBauHs (KopuieBcekuii, Ilanacenko, KopHieBchbKka,
2012; Konopamopa, Mituenko, Illypaesa, 2008; Bo
Wen, Peter Gorycki, 2019). ¥V 6inbiocTi creriaibHuX
JoKepen i3 (QitoTeparii i MATaHHS BUCBITICHO JIMIIE
gacTKoBO. HaBiTh B 0cTaHHI poky omy0nikoBaHi poOoTH,
IIe aKIEHTYETHCSI, IO (iToTeparist — KOMIDIEKCHa HayKa
1 MOBMHHA BKJIIOUATH HE JIUIIE BiIOMOCTI IIPO POCIIHHY,
il XIMIYHHAN CKJIaJI, JTIKAPChKi 3ac00H, CIIOCOOH iX OTpH-
MaHHsI, CAMIITOMATHKY 3aXBOPIOBaHHs, AiarHO3 Ta CIIO-
cobOu JikyBaHHs. JleTalbHO JOCHTIUKYIOTHCS MOOIYHI
Iii Ta mpoTurokasaHHs abo, HaMpUKIal, 0COOIUBOCTI
3acTOCyBaHHS (DiTompenapariB Ha Pi3HUX eTarax JiKy-
BaHHA, IO € ayxe BaxuauBuM (['apna, Bmamummposa,
bypa, 2016), omHak e cTocyeTbes (iTompenaparis,
TOAI SIK KOMIIJICKCHOMY BHCBITJICHHIO 03/I0POBYO-TIKY-
BaJIbHUX YMHHHUKIB ITiJ] Yac 3aCTOCYBaHHS (PITOMPOIYK-
TiB MIPUJIUIAETHCS HEAOCTATHA yBara, xo4a e [epoept
[enton y 50-60-X pokax MUHYJIOTO CTOJITTS 31HCHUB
MepIIi BIIKPUTTS Ta aKIICHTYBaB Ha BaYKIIMBOCTI AOCIHi-
JokeHHs 1€l mpooaemu (Shelton, 2009).

Meta 1ocailzkeHHsI — aHai3 037I0POBYO-JIIKYBaJIb-
HUX YHMHHHUKIB (YMOB 3aCTOCYBaHHS) (ITONPOIYKTIB,
Y YHCI SIKUX — OBOYi, ()PYKTH, TEITIOCTKH KBITOK, TPaB,
JIEpEB TOIIO.

Marepianu Ta MeTonu gocixKeHHs. JlocipKeHAS
crieliaIbHUX JIITEpaTypPHUX JIKEpe, sIKi BUCBITIIOKOTH
MOPIBHAJIBHI YMOBH 3aCTOCYBaHHS (iTOIpemapariB Ta
(bITOTIPOMYKTIB, AKI BKHBAIOTH Pa30M 3 THIIMMH CKJIQJI-
HUKaMH 1K1 TaIli€HTH.

Pe3ysnbTraTn JgociigaxeHHss Ta iX 0OroBOpeHHsI.
ditoreparmist — METO/ JIIKyBaHHS, 3a SIKOTO OCHOBHUMH
€ JIIKapChKi 3aCO0H POCIMHHOTO ITOXO/DKEHHS Ta TPaBH,
(bPpyKTH 1 0BOYI, ¥ IKHX MICTUTHCSI KOMIUIECKC 010JI0TYHO
AKTHBHUX PEUOBHH. BUKOpUCTaHHS IUX Pi3HOMaHITHUX
3aco0iB 1 MeToxiB (hiToTeparii MOBUHHI OyTH HamijcHI
Ha TOCATHEHHS Y HAHKOPOTIII TEPMiHA MaKCUMAaJIbHOTO
03/I0pOBUO-TTIKYBaJbHOTO edekry. OmHaKk He 3aBKAu
¢dopma BBeIEHHS 1 YMOBH 3aCTOCYBaHHS, KIUJIbKICTh
CHPUSIOTH IIBUJIKOMY OIYKaHHIO, HEpinko itompo-
JIYKTH MOXKYTh OyTH Hee()EeKTHUBHUMH 1 HABITh LIKIJIH-
BUMH Yepe3 HEIOTPHUMAHHS O3I0POBUUX Ta JIIKyBalb-
HUX YMHHUKIB (YMOB) BUKOPHCTAHHS, MEPEBAHTAKEHHS
MaIienTa, IPOTH/I OIWH OJHOMY a0 30BCIM Hecy-
MicHi. Tomy B mporeci ¢itoTeparnii peadiTiTonor Mae
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3HATH HE JIMIIE TPOTUIOKA3aHHA Ta MOOIuHI Jii 1ux
(bITONIPOAYKTIB, a i SKI caMme JIKYBaJbHI Ta 0310pOBUI
YMOBH (UMHHHMKH) 3aCTOCYBaHHS (DiTONPOAYKTIB, SIK
BOHH MOETHYIOTBCS 1 sIKa MOCIIIOBHICTh BUKOPHCTAHHS
muX 3aco0iB pealimitanii, 00 BOHH JOMOBHIOBAIN
1 MiJCHITIOBAIM JIF0 OJMH OJHOTO Ta OyJIM CyMICHHMH
3 IHIIUMH OPOIYKTaMH DKi Ta METOAAMH JIIKYBaHHS.

Po3rnstHeMo Tabmuiio, ska CKIaleHa 3a THIIOBOIO
JUIS OUTBIIOCTI JKEpeNl CXeMOI0, /e MPEACTaBICHO JIiH0
JICSIKUX BITAMIHIB 1 pOCIIMH Ha OPTaHi3M JIFOJMHU.

[IpencraBneni B TaOnuIi AaHi MOKa3yOTh, MO s
BITaMIiHIB Ta POCIMH Jy)KE BaXJIHBa 1 KOpHUCHA, aje
03JI0pOBYO-JTIKYBaJIbHI YWHHUKH iX 3aCTOCYBaHHS HE
BKazaHi. Po30epemMo, 110 MH PO3yMieMoO Tij 03710pO-
BUO-JTIKYBaJIbHUMHU YHHHUKAMU:

1. Cnocib i ymosu 3acmocysanns.Jlyxe mayo myomi-
KaIlii, y SsIKoMy BUIJISIA 1 SIK TPUAMATH BUIIEBKa3aHi BiTa-
MIHH Ta TIPOAYKTH, aJpKe iX MOXKHA BKUBATH y BUIIISI
HITyJOK, AecepTy ado HamoiB OpalbHO pa3oM 3 DKero,
a MOYKHa BBOJIUTH 1X Y BHIVISIII PO3YHHIB METOIOM €JICK-
Tpodopesy. Y mepuoMy BHIIAAKY Ipenapar po3MnoBCio-
JOKYETBCST OULTBII-MEHII PIBHOMIPHO MO BChOMY Opra-
Hi3MY, y IpPYTOMY BUIQ/IKy KOHIICHTPY€ETHCS Ha JUISHII,
Jie HalOiIplIe BiH HEOOX1qHHUIA.

2. Jlosu sacmocyseanns. 1x 3a3Bu¥ail ykasyloTh Ha
(iTompenaparax, aje II0 CTOCYeThCsl (PPYKTIB Ta OBO-
4iB, ONTHMajbHA 71032 BXMBaHHS HE 3aBXKIHU BijoMma
IUTSL TICPECIYHOTO CIIOKUBAYa, TOII SIK ITEPEHACHYCHICTD
HUMHI MOKE CIIPOBOKYBAaTH HAATO HEMIPUEMHI IPOOICMH
31 3m0poB'sM. Hampukian, MOpKBa Ta anmelbCHHU Mic-
TATH OaraTo BiTaMiHy A, sIKHH y BEJIMKiH KITBKOCTI MOXKe
HETaTWBHO BIUIMBAaTH HA IEYiHKY, COPUYNHHUTH MEUilo,
CTIPHSITU TIOPYIICHHIO (DYHKIIT HUPOK, TOMY MOPKB’s-
HO-aIeIbCUHOBUH (hpelr He Mae CEHCy UTsl BKUBAHHS,
BiH HE BIJIIIOBiJ]a€ 03/I0POBYO-JIIKYBAJIbHUM YHHHHKAM,
HE3Ba)KAIOUM HA HACTHUPIIMBY PEKIIAMY.

3. Ilpomunokazanmnsa. Jns TnepeTpaBiCHHS KOX-
HOro BUAY TKi HEOOXiJHI pi3HI (epMEHTH. Y>KUBaHHSI
K PI3HUX NMPOAYKTIB B OJMH MPUHOM 3HIXKYE e(heKTHB-
HICTh MEpepoOKH TKi, YHNOBUILHIOE TPABJICHHS, BH3H-
Ba€ THHJIBHI IPOLIECH, YTBOPEHHS Tra3iB Tomo. bararo
(iTonpenapariB MarTh MOOIYHI ePEeKTH, SIKI HEBiIOMI
ciokuBadaM. Yacto inpopmartist mpo 3arno0ikHI 3aX0/H,
moOiYHI i1 Ta B3aEMOIII0 31 3BUUAHHUMH JIIKAPCHKUMHU
3aco0aMy HE BKa3yeThCS Ha YMAaKoBII (iTompemnapariB
1 Ha BKJIQJMINAX, SKI MICTAThCS B ymakoBii. Hemaio
¢iTonpenapariB He JHICH30BaHI Ta HE BiANOBINAIOTH
JKOTHUM CTaHAapTaM Oe3leKd Ta SIKOCTi, MPOJAIOThCs
i1 BUDJISAIOM Xap4oBuX g06aBok. Jlume 13% nepesipe-
HUX (haxiBIFIMH MpernapariB Majau iHCTPYKIIiFO, 1 JIHIIIE
y TphOX i3 HuX Oynmo nocratHeo iH(opmarii mpo 6e3-
nevHe 3actocyBanHs (Raynor et al., 2011, 94-95).
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Ta6muis 1

Mist nessikux BiTamiHiB i pocjuH

HA OPraHi3M JIIOIMHH

Biraminu i
Jesiki pocJiMHu

Jlist Ha oprauizm

Biramin A Hopwmanizye npoHUKIMBICT APIOHUX KaNisApiB.

Biramin Bl ITocwmimioe cepuenit M’s13. [lepenikomxae
BUHUKHEHHIO 1H(ApPKTY.

Biramin B2 TlixBuIIy€ KiNBKICTh KUCHIO B KPOBI.

Biramin B3 Po3mmproe cynuHu, 3HUKYE THUCK BiIpasy Hicist
nipuiiomy.

Biramin B12 Tloxpamntye 3ropTaHHs KpOBI.

Biramin C 3MIIHIOE 1 TOHI3Y€ CTIHKU CY/IMH. 3HUKYE
BIPOTiJHICTh PO3BUTKY aTepOCKIEPO3y 1
TiePTOHIYHOTO KPH3Y.

Biramin D 3MIHIOE IMYHITET, 3aXHCT BiJ OaKTepiil, Bipycis,
iH(eKUii, MoJerye THKKICTh epeHeCeHHst OyIb-
SIKHX 3aXBOPIOBaHb, 3HIKYE PU3HK PECIiPaTOPHOL
iHdexuii, peryaroe BUPOOICHHS IUTOKIHIB 1 MOXKe
00Me)KyBaTH 3arpo3y BipyCHHX 3aXBOPIOBAHb,
TaKUX SIK TPUIL.

Biramin D3 Crumyiioe poboTy pi3HHX OpTraHiB i cHcTeM
OpraHi3My JFOMHH, BKJIIOYHO 3 iIMYHHOIO,
HEPBOBOIO, KiCTKOBO-M’s30BOX0, CEPIIEBO-
CYIMHHOIO, CHIOKPUHHOIO CHCTEMAaMHU, JIOIIOMarae
BITHOBHTH CHJIH, 3[0POBHIi COH Ta HOKPALIUTH
HacTpiii Towo.

Biramin E Birawmin E € antunenpecantom, 3aXuiae KIiTHHI
LIKIpX Ta OYeH BiJ AereHepanii Ta yIKoIKeHsb.

Biramin K Crpusie 3MIIHCHHIO KaIIAPiB Ta MPUITHHCHHIO

(merpynmika, kpoBotedi. [Torpeba 30ibIIyeTHCS TIPU

IITNUHAT, TeMAaTHTAX, MPO3i NEYiHKM, PO3/IaaX KUIIKOBUKA,

Karycra, JKOBYHOKAM'sIHII XBOPOO1, KPOBOTEUAX, & TAKOXK IPH

HIUIIIHHA) TPHBAJIOMY 3aCTOCYBAaHHI aHTHOIOTHKIB.

3Bipo0iii 3MeHIITye CIa3MH KHIIOK Ta JKOBYHUX IIUIXIB,

3BUYANHHI HOpMaJTizye BUIIIbHY (DyHKIIIO IUTYHKOBHX 327103,

(Hypericum PO3IIMPIOE KPOBOHOCHI CYAMHU, TIOCUITIOE KPOBOOOIT,

perforatum) BISIBILSIE TIPOTH3AAIBHY JIIIO Ha CIN30Bi 00O0IOHKH

TPaBHOTO TPAKTY, B'sDKYdy Ta OAKTepiOCTAaTHYHY Ai0.
3actocyBaHHs 3Bipo0OI0 3BUYAHOTO MOKa3aHe i

J1a€ 10Opuii TeparneBTUIHUN eeKT MPH TUCKIHe3isIX
JKOBYHHX IIUIAXIB, TEMAaTHTAX, 3aCTOT )KOBYI B
JKOBYHOMY MiXypi, XOJICIIMCTHTAX, JKOBYHOKAM STHIN
XBOpOO1 (y MOYATKOBIII cTafii), rimoanuIHOMy
TacTPUTI, METCOPU3MI, FOCTPHX 1 XPOHIYHUX KOJITAX,
MPOCTHX 1 KPUBABUX MPOHOCAX Ta TeMOPOi. K
cedoriHHumif 3aci6 3Bipo6iit BUKOPHCTOBYIOTh IPH
HHUPKOBOKaM'siHii XBOpOOi (y MOYaTKoBiii cTajil) Ta
TIPU 3HIKEHHI (PinbTpaniifHol 3IaTHOCTI HUPOK.

[ijt Kosmroumit

Mae KapiOTOHIYHY, CIIA3MOJIITHYHY, FiIOTEH3UBHY,

(Crataegus CeaTHBHY Ta JIeCeHCUOLTI3yr0dy Aito. 301bIye

oxycanlha) CHITY CEPIIEBUX CKOPOUYEHb, PETYITIOE KPOB'IHAN THCK
(MiBUILICHUIT — 3HIDKYE, 3HIKCHHIT — ITiIBUIIYE),
3MEHIIIy€ 30yUTUBICTh HEPBOBOT CHCTEMHU.

Bogue Tino CTHMYIIIOE CHHTE3 KOJIAreHy, TOKpaliye

OoJsioTHE pereHeparito KIiTHH, 3amo0iratodu pyiHyBaHHIO

(Comarum Cyr1000BOI TKAaHUHH; 3a1100irae 3arnaibHIM

palustre) nporecam B cyriiobax, HopMaiizye 0OMiH pedoBUH

B CyII00aX 1 HaBKOJIO CyrI000BUX TKaHMHAX;
CTUMYJTFOE MIKPOILMPKYJISILIIFO KPOBI, 3a100irae
BIJIKJIAJICHHIO COJICH

Cobaua kponuBa
3BUYalHA
(Leonurus
cardiaca)

Mae cria3MomiTHYHI, CeaTHBHI 1 TMIOTCH3KMBHI
BJIACTUBOCTI, YHOBUIBHIOIOTb CEPLIEBUI PUTM,
30LIBLIIYOTH CIUITy CEPLICBHX CKOPOYCHb, BUSIBIISIOTH
cI1abKy IlypeTHdHY [0, PEryIIOI0Th MEHCTPYaJIbHHH
LMK 1 GyHKLIT TPaBHOTO arapary. 3aCTOCOBYIOTh
TIPU KapAiOCKIIePO3i, MiIBUIICHHI apTepialbHOro
THCKY, CTEHOKap1ii, MiOKap/nTi, KapIiOHEBPO3i,
HaAMIpHiil HepBOBIit 30yITMBOCTI, 0COOINBO,

KOJIM BOHA TIOB'sI3aHA Y JKIHOK 3 KJTIMaKTepieM, a

y YOJIOBIKIB — 3 Tineprpodi€to npocTary, y pasi
TICUXACTEHil il HeBPACTEHil, 1110 CYIPOBOIUTHCS
0E3COHHSIM, BITUYTTSM HAIIPY)KEHOCTI il IMiIBUIIICHOO
PEaKTUBHICTIO, TA IIPU BEreTOHEBPO3aXx.
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[lle Oimplme HEBiIOMUX IS TMEPECIYHMX TpoMa-
ISIH TPOTHUIOKA3aHb MAalOTh (DITONMPOMYKTH, HAIPH-
KJIaJ IeTPYIIKA Ma€ YyIOBYy CNA3MaJiTHUHY, CEUOTiHHY
1 )KOBYOTIHHY JIif0, PO3UMHSE TMICOK 1 KAMEHI B CEUOBH-
BITHUX IIUISIXaX, YCHIIIHO CIPABISIETHCS 3 HAOpsSKaMH
CEepIICBOTO ITOXOPKCHHS, YCyBa€ 3amalibHi IPOIECH
B CEYOBOMY MiXypi, MiABHIILYE TOHYC MAaTKH. AJie 3aCTO-
CYBaHHS NETPYIIKH IPOTUIOKA3aHO MPH TOCTPOMY
IIUCTUTI, Mi€TOHE(PPUTI Ta MOKATP1, a TAKOXK MPH BariT-
HOCTI, OCKIJIBKM POCITHA Ma€ aOOPTHUBHI BIACTHBOCTI.

[IpoTunokazaHo BXXHBaTH 1Ky, HACHYEHY OiIKaMu
(mpoTeinamu) pa3oM i3 TPOAYKTAMH 3 KPOXMaleM,
OCKIJIBKM IIUTYHOK BWJUISE KHUCIOTY, SIKa pyHHYye ami-
masy, sKa MICTHTBCS y CJHHI, a PO3IICIUICHHS KpO-
XMaJio BiOyBaeThbcs SKpa3 MiX BIUIMBOM (DEpPMEHTY
aminasu, ToOTO OITKM 1 KpOXMajb HE MOXYTh 0OpO-
OnsATHCA B OJMH 1 TOH )K€ 4yac, TaKOXK 5K 1 M'sICO Ta Kap-
TOIUTSA, O TOTO K KPOXMajh HECYMICHHH 13 KHCIOTO-
BMICHUMH TIpopyKTamMu. HecymicHi Oinkm 3 KHUCIUMH
(bpykTamu a0 momiiopamMu, 00 MENCHH PYHHYEThCS i1
BIUTMBOM OUIBIIOCTI KUCIIOT, Y TOMY YHUCIi (PPYKTOBHUX.
HebGaxxaHo moeqHaHHs 3 OLTKaMH KHUPIB, SKi 3aBaka-
I0Th BUAUISTHCS IIUTYHKOBOMY COKY 1 MEPEeIIKOKAIOTh
MepeBaprOBaHHIO OLTKIB. TaKoX KOJIH IyKOP 1 KPOXMaJlb
HaJXO[SITh B OPraHi3M OJIHOYACHO, TO MepIIuM Oyje
00pOOIIATHCS IYKOp, SIKUH Ma€ BIACTUBICTH 30POIKyBa-
TUCS Y IITYHKY, THM CaMHUM BHPOOJsie (hDepMEHT, SIKUif
pYHHYE y CIIMHI amiiasy, ska HeoOXiHa 11 IepepOoOKH
kpoxmanto. HebGaxaHo 3MinryBatu mykop i3 Oiakamu.
Lyxop Oyne mepemkopKaTd BHIIICHHIO IILTYHKOBOTO
COKY, THM CaMUM 3aBa)Kal04YM MEePEeBapIOBAaHHIO OiJIKiB.
Llyxop mepeTpaBIiO€ThCs JHIIE IICIs TOTO, K OymayTh
niepeBapeHi OiJIKK, YEKArOUM CBOET 4eprH, IyKOp MOYHE
opomutu (Shelton, 2009).

[Ipu apTpo3i — XpoHIYHOMY 3aXBOPIOBAaHHI CYINO0IB,
SIKHI BUHHMKA€E y JITHHOMY Billl Ta 3 POKaMH Ma€ TEH-
JICHINFO JI0 TOTIpIICHHS! CTaHy, HE3aMiHHUM 3aco00M
(itoTepanii € BoBue Tijio OoyoTHE. I3 BIKOM OpraHiam
JIFOIIHU BUPOOIIsI€ BCE MEHIIIE KOJIAreHy — Oy/iBEIEHOTO
Marepianxy Il XpSIIOBOi TKAaHWHU Ta CYTII00iB, 3B'I3KH
c1abIIaloTh, KOPUCHI MIKPOHYTPIEHTH 3aCBOIOIOTHCS
ripmre. MaioTh 3HaYE€HHsI TAKOXK CIIAJKOBICTh Ta OTPH-
MaHi B MHUHYJOMY TpaBMmH. Lle Mpu3BOAMTH 70 BUTOH-
YeHHs, Aedopmanii Ta pyHHyBaHHS XpSIliB. ApTpo3
BUSBJISIETHCS OOJIEM 1 3HMIKEHHSIM PyXJIMBOCTI CyTII00iB.
Bogue Ti10 00JI0THE CTHMYITIOE CHHTE3 KOJIareHy, oKpa-
IIy€ pEreHepalliio KITHH, 3armo0iraioun pyiHHyBaHHIO
Cynio0OBOT TKaHWHHM, 3ar100irae 3amajbHUM IPOIecaM
y cymio0ax, HOpMaiidye OOMiH PEYOBHH y cyrio0ax
1 HaBKOJIO CyINIOOOBMX TKaHWUHAX; CTUMYIIIOE€ MiKpO-
IUPKYJIAIII0 KpOBi, 3amo0irae BiIKIAJCHHIO COJICH.
Perynspae 3acTocyBaHHs IpemapariB i3 BOBYOTO Tijia
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00JIOTHOTO J0TIOMArae€ YHHUKHYTH BUHUKHCHHS apTpO3y
a00 MepeMOITH 3aXBOPIOBAHHS HABITh Y MMOXUIIOMY BilIi.
ATnie € i MPOTUITOKA3aHHS [T HOTO 3aCTOCYBAaHHS: 1HIU-
BiJyaJlbHa HEMEPEHOCHUMICTh POCIHHU Ta 3HIKCHHN
apTepiaibHU TUCK Yy TAIli€HTa, TiMOTOHIsA, CMuIencis,
3aXBOPIOBAaHHS HEBPOJIOTIYHOTO Xapakrepy, Opamukap-
nist (Ipomsincekuit, 1992; [umropa, [lkaryna, 3adapHa,
ITenex, 2022; Volodina, Korotkevich, Romanyuk,
Galkin, Kolybo, Komisarenko, 2017).

4. Cymicnicmb  (0OHOUaCHiCMb)  3ACMOCYBAHHS
3 qikapcekumu npenapamamu. He 3aBxaum Xapdosi
MPOAYKTH MOXKHA OJHOYACHO 3aCTOCOBYBATH 3 IPHUIO-
MOM JIKapChKUX MpenapariB, OCKUIBKN Jisl ITUX Mpera-
pariB MO)ke OJIOKYBaTHCS XIMIYHMMH CIIOJYKaMH, SKi
MICTATh JIesiKi OBOUi Ta (PPYKTH, OCOOIMBO IUTPYCOBI,
MOJIOYHI Ta KOITYEHI NMPOXYKTH Tomio. Hampukiam, He
MOKHA TO€THYBATH NPUHOM rpedndpyTiB i JTikapchKuX
mpenapariB BiJf KalLTO. Takok II€ CTOCYEThCS ITOE]-
HaHHS JIIKapChKUX Mpernaparis i3 JaitmMom ta momeno. Lli
GpyKTH OJIOKYIOTH BUPOOJICHHS (hEPMEHTY, SKHI mepe-
poOisie cTaTMHM Ta iHINI Ipenapary, sK, HAIpUKIaL,
JIKA B KAl JEeKCTpoMeTopdaH. YHACTIIOK LbOTO
npenapar HaKOIUYY€EThCsI B KPOBI, 1110 MOXKE TPU3BECTU
JI0 HeOakaHUX MOOIYHUX eekTiB. Y pasi MoemHaHHS
IUTPYCOBHUX 13 IEKCTPOMETOP(PAHOM MOXKYTh 3'SBUTHCS
TaJTIOLMHALIIT Ta COHJIMBICTD, 31 CTATHHAMH — CEPHO3HI
yIIKo/KeHHsT M's3iB. Edext Big mux ¢pykTiB Tpuma-
€ThCsI TPOXH OLTBIIE TOOW, TOMY MPUAMATH 1X Ta JIIKH
CITiJT 3 THTEpBAJIOM LIOHANMeHIIe 24 TOI.

diTonpoaykTr a00 HPYKTH, SIKi MICTATH aCKOPOIHOBY
KHCJIOTY, 301IbIIYFOTh BCMOKTYBAHHS 3aii3a 3 M'SCHOI
DKI, 1m0 3a3BUYail BCMOKTyeThesi Ha 20-50%, Tomi sk
MOJIOUHI TPOIYKTH 3HWKYIOTh 116 BCMOKTYBAHHSI 3aJ1i3a,
0COOJIHBO Ha TITi XPOHIYHOTO 3aMaibHOTo Iporecy. Bon-
HOYAC IIi TpenapaTy Ta SOTyYHUH, aneIbCHHOBHH a0
rpeinpyToBUll COKM HE MOXKHA BXKHBATH OJHOYACHO
3 JIKaMU BiJ CIHHO{ TMXOMaHKH, 00 IIi COKH TaJbMyIOTh
MENTUJ, SKHA TPAHCIOPTYE JIKU 3 KUIICYHUKA B KPOB.
VY pesynbrari epeKTUBHICTh ITpenapary 3HIDKY€EThCS Ha
70%, 10 3pOOHTH HOTO BKUBAHHSI MATOC(PEKTHBHIM.
Takox HEe MOXKHA BKMBATH IIi COKM MiJ Yac Y>KHBaHHS
aHTHOIOTHKA IUIPO(IOKCAIUHY, 3acO0iB JJIs JIKY-
BaHHS IIMTOBHJIHOI 3a5103u abo0 3aco0iB Bij aneprii Ta
acTMH. [HTepBaN Mk MPUIMaHHSAM BHIIICBKa3aHUX JIIKiB
Ta COKIB MIOBHHEH CTAHOBUTU HE MEHIII 4 TO]I.

BapBapuH 3acTOCOBYIOTH JJIsI PO3PIIKCHHS KPOBI,
aJKe BiH MicTHTB Oararo Bitaminy K. Taki mpogykTu, sik
OpoKoIIi a00 JIMCTOBA 3€JICHB, TAKOXK MAIOTh BEJIUKY KiJlb-
KicTh BiTaMiny K, sikuil Bifiirpae KIIto4oBy poiib Yy 3rop-
TaHHI KPOBIi, 1 HOTO 3HIKEHHSI TIOTaHO TIO3HAYHUTHCS Ha
ii mineHOCTI. AJle TyT mocTae iHma npobiaema. Kopurs
MICTHTh PEUYOBHHY KYMapHH, 5IKa, sIK 1 Ipernapar BapBa-
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PHH, po3piKye KpoB. [Ipnitom 000X X PEIOBUH MOXKE
CIPUYUHHTH CEPHO3HE MONIKOHKECHHS TEeUiHKA. SIKIIo
BU TIpHiiMaeTe BapBapHH, ajec HE MOXETC XUTU 0e3
YalIK{ apoOMaTHOI KaBH 3 KOPHIICIO, CIi MEPEXOIUTH
Ha BUCOKOSIKICHUH 1ieHmoHChKuiA copT koputi (KopHies-
cvkui, KopHierchbka, Kymiyenko, [Tanuenko, 2021).

IcHYIOTH TIPOAYKTH, SIKi MICTSTH HECYMICHI iHTpe-
IIEHTH y CTpaBax 1 HAmoOsSX Ta MOXYTh IPOBOKYBaTH
HETpPaBJICHHS Ta IOB'S3aHi 3 HUM CHMIITOMH JIUCKOM-
(dopTy Ta BTOMH, IPHYOMY LI¢ y HAWIETTIOMY BHIIAJIKY,
TOMY BiJI HUX Kpauie BiaMoBuTHCA. Hampuknan, HeOa-
JKaQHO TIOEJHAHHS KaBHU 1 MOJIOKA, OCKIJIbKH JyOMIIbHI
PEUOBMHM TaHIHM, IO MICTATHCS B KaBi, MarOTh «B'S-
JKydy» JIFO 1 He JaF0Th 3aCBOITHCS OLIKY, SIKUH MiCTUTHCSI
y moJoni. [loeaHaHHs KaBOBUX TaHIHIB Ta MOJIOYHOTO
01Ky Ka3eTHy YTBOPIOE CYOCTaHIIi10, SIKa MOTaHO 3aCBO-
IOETHCS 1 TOMY HAJIOBTO 3JIMIIAETHCS y HITYHKY. Y JOB-
TOCTPOKOBIH MEPCIICKTHBI I1e MOYXKE CEPHO3HO ITiipBaTH
37I0pOB'S 1 HABITH CIIPOBOKYBATH PaK LITYHKY.

5. Temnepamypni ocobrusocmi excusanns. Men
1 rapsranii vaii abo iHIIA rapsya piAnHA TakoX HeOakaHi
IUTSL TIO€HAHHS, XOYa OKPEMO KOPHCHI JJs 3A0pOB'S.
V pasi HarpiBaHHA Meqy 10 60% y HbOMY CUHTE3YIOThCS
PEUYOBHHM, SIKi 3IaTHI BIUTMBATH HA OPTaHi3M SIK CIIPaBKHi
TOKCHHH, 1[0 HAKOMWIYIOTHCSI B HBOMY, PYHHYIOTh LILTiC-
HICTh KIITHH Ta CTBOPIOIOTH JOJATKOBE HABAHTAXKCHHS
Ha TIeuiHKy. Bijblr eeKTHBHO BXKMBATH MEX BIIPUKYCKY
3 TEIUTUMH PiAMHAME — BOAOI0, 9aeM a00 MosiokoM (Ixap-
Buc, 1981; Kpasuenko, Mimienko, Jlepuenko, 2020).

6. Vorcusanns gpimonpoodykmie namuje. YCTaHOBICHO
HECYMICHICTh Y)KHBAHHSI HAa TOJOMHUHN IITYHOK JCSKUX
(pPYKTIB, HANPUKIAJ TPyl MOXYTh HETaTHBHO [ISITH
Ha opraHi3M. [py0a KIITKOBHHA, SIKOFO HACHYEHI TPy
TF000TO COPTY, KOPHCHA JITS KUIICYHUKA, aJie IIepe]] UM
Horo moTpiOHO 3aMOBHUTH 1HIIOK TKEI0, TOMY K JIeCepT
IpylI B 0OMEXEHIH KUTBbKOCTI JTyKe KOPHCHI, a HarIie-
cepIie BOHH JyK€ BaKKi JJIS IUTYHKY 1 MOXXYTh HaBiTb
HAIIKOJUTH 1 HOPAHUTH HOTO CIIM30BY 000JOHKY. Takok,
OIIMHUBIINCEH Y IUTYHKY, COJOAKI (PPyKTH NMPOBOKYIOTH
BUKHJ 1HCYMiHY. JIJI MiAIUTYHKOBOT 3aJI03H 1€ eKCTpe-
MaJIbHUM MOAPA3HUK, KU MOTpeOye 31 CTaHy MOBHOTO
CTIOKOIO 3aHATHCS aBapIHHOKO €0 3 HeUTpasTi3arii iHCY-
niHy. PerynspHe BXUBaHHS CONOAKUX (DPYKTIB y BENUKIi
KUTBKOCTI MOXKE IIPU3BECTH 0 300iB TpaBIICHHS, a 3a
HAATO 3HAYHOI KIIBKOCTI BXKHUBAHUX COJIOAOILIB HATIIE-
cepIIe 3arpoKy€e 3aXBOPIOBAHHIO Aia0ETOM.

Bananu OGarari MarHieM 1 KOpHCHi JIst OpraHizmy, aje
HATIIE BKUBATH iX HE PEKOMEHIYETHCS, OCKIIBKH Mar-
Hill 3aCBOIOETHCS JTyKe IMBUIKO, a JJIsi CEPLIEBOTO M’ 53y
Ile 3HaYHa 3arpo3a.

3eneHi OBOYI HATIIC HE PEKOMEHIYIOTh B)XKHMBAaTH
B CHPOMY BHIJISIII SIK caiaTH, 0O BOHHU IEPETPABIIO-
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IOTBCSl JIy’Ke TOBUIBHO, @ 32 HENOCTAaTHHOI KUIBKOCTI
ITYHKOBOTO COKY — IIl¢ MOBUIBHIIIE, 1 MIOKK OpPraHi3M
MOYHE MMEPETPABIIOBATU KHCJIOTH, SIKi BXOSTh Y CKIIa
OBOUIB, CTBOPIOETHCS YMOBH JIJIsI BUHUKHEHHS ITedil.

7. Ocobnugocmi ce30HH020 BAHCUBAHHS idicT. Y XOIOIHY
mopy iKa MoBHHHa OyTH 3irpiBarouor0, Oararor Ha
MOKMBHI PEYOBMHHU 1 MACIISTHUCTORO, 1100 JaBaTu eHep-
TiFO 1 3MIIHIOBATH IMYHITET. YIIITKY HEOOXITHO BXKHBATH
MiBUIIEHY KUTBKICTh PIAWHM, HANPHUKIA] OKPOIIKY,
KBaC, OXOJIO/DKYIOUi HAroi, aje BOHU HE MOBHHHI Mic-
THUTH I[yKOp Ta HebaxkaHi eMynbraropy. Binomi npuxiaau
{ Ce30HHUX KOJIMBAHb B €(PEKTHBHOCTI POCIHH. 30KpeMa,
AJIaNITOrCHN (PKCHBIIICHB, JIEB3Esl, CICYTEPOKOK, 30JI0THI
KOpiHb TOIIO) HE PEKOMEHIYETHCS NPH3HAYATH BIIITKY,
y JKapKuil yac, IIIOKOKOPTHKOIAN e(eKTUBHIIII HABECH,
a CHOJIIIHI — B OCIHHIH 1 3MMOBHH MEPiojHy.

8. Ocobnusocmi 3acmocysanus Ha pisHUX emanax
3axeoproganns. Ha TIouaTkoBUX eTarax 3aXBOPIOBAHHS
(po3ropTaHHA KIIHIYHMX O3HAK) POCIHMHHI 3aco0u
MOXXYTh BHSBUTHCH OCHOBHUMH, 3[JaTHHMH 3a00irTH
MOAAJBIIOMY PO3BUTKY XBOPOOH 200 3MEHIINTH i mpo-
sBu. Ha erami akTWBHOI (ha3u 3aXBOPIOBAHHS O1IBIII
e(eKkTUBHE BUKOPUCTAHHS CYYaCHHMX CHJIBHOJIFOUHX
3aco0iB. ditonmpenapatu MOXKYTh CIYI'yBaTH sIK 3aC00U
JTOJIATKOBOT Teparii sl 3HWKEHHSI TOKCUYHOCTI 1 HeOe3-
MIEKH YCKJIAHCHb, TOCHIICHHS e()eKTHBHOCTI OCHOBHOTO
JKYBaHHS, KOPEKIii MOPYIICHUX (YHKIIA OpraHizmy.
Ha erami ojyxaHHsS KOMIUIEKCHI 3aco0u (itorepartii
MAaloTh yce OiJIbIlle BUTICHSATH CHHTETHYHI, 3aMIHIOIOYH
X MOBHICTIO B KiHIII JIiKyBaHHs. [IpoBiHY poJib Bixirpa-
I0Th KOMITJICKCHI POCJIMHHI Mpemnapary Ha eTarli mpope-
IUAMBHOTO JIIKyBaHHs, erami peaOumitarii. [lepesaru:
HEe3HauHa TOKCUYHICTh, HU3bKa HeOe3MeKa yCKiIaHeHb,
MOXKJIBICTh TPHUBAJIOTO 3aCTOCYBAaHHS IPU XPOHIYHUX
3aXBOPIOBAHHSAX, 1€ 3aCO0M POCIMHHOIO MOXOKCHHS
MOXYTh OYTH BHKOPHCTaHI K MIATPUMYIOYa Teparis
MDK Kypcamu ocHOBHoOro JikyBanHs (I'apHa, Bmagumu-
posa, bypn, 2016; Arkhypova, Deriabin, Trokhymchuk,
Starosyla, Atamaniuk, Zavelevich, Vialykh, Rybalko,
Galkin, 2023).

9. Ocobnusocmi 3acmocysanns 0 pisHux 2pyn nace-
sennsi. JIIsT TIPOTHO3YBaHHS pe3ynbrary (hapMaKolIorid-
HOI Jii Ha OpraHi3M iCTOTHE 3HA4YEHHS MAIOTh BIK XBO-
poro, CTaTh, TCHETHYHI YHHHHUKH, CTaH OPraHi3My B LIeH
MoOMeHT, Oioputmu. JlocimkeHo 3actocyBaHHs (iTorpo-
JIYKTIB 1 (piTompenapariB y )iHOK, y JITEH, yCTaHOBJICHO,
10 BOHU MaroTh 3Ha4yHi ocoOnuBocTi (InbHuibKa, 2024;
Kpapuenko, Miienko, Jlepaenko, 2020).

Sk BUJHO 3 MpeICTaBIEHUX MarepialiB, 37aBalOCs
0, BiJIOMi TIPOJYKTH 3MIHIOIOTH CBOIO IO 3JICXKHO Bij
iX B3a€MOJil OAMH 3 OJHMM 1 HaBITH BiJ TEMIeEpaTypH
PCYOBHHHM TiJI Yac BKHUTKY. Takok BUBYCHO IiIO Iesi-
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KHX BiTaMiHIB Ha OpPTaHi3M JIOAWHH, SIKi MPEACTaBICHI
B Tabm. 1, aje Ik BOHM B3a€EMOIIIOTH OAWH 3 OIHUM, iX
KOMITJICKCHA JIisl Ta CyMICHICTb, YEPrOBICTb YKMBAHHS
oTPeOYIOTh TOJATKOBUX JOCIIKECHB.

Y mnopamemniii Hamiii poOOTI MU TependadaeMo
JOCIIZMTH CIOCOOM BBeJIEHHS (iTonpenapariB 3aco-
Oamu enexkTpodopesy Ta iX B3aEMOIIIO 3 EINEKTPOCTH-
MYJIIOBaHHSAM Ta €JIEKTPOMACakKeM.

BucHoBkHu

1. ITix 0310pOBUYO-JTiKYyBAJIbHUMH YHMHHHUKAMU
MH pPO3yMi€MO YMOBHM 3aCTOCYBaHHS 3ac00iB (iTo-
Tepamii, a came: cnocié Ta yMOBH 3aCTOCYBaHHSI,
JA034 3acTOCYyBaHH#A, NOOiyHi Aaii, nmporumoka-
3aHHSI, MOKJIHMBICTH CYMiCHOro (OJHOYaCHOTO)
32CTOCYBAHHSI OJMH 3 OJHHMM i 3 JIiKapCbKHUMH
npenaparamMu, TEMIEPaTypHi Ta ce30HHI 0co0JIH-
BOCTi B:XKUBaHHf, 3aCTOCYBaHHsA (IiTONPOAYKTIB

Y Pi3HUX rpyn HaceJieHHSI Ta Ha Pi3HUX eTamax
JiKyBaHHS.

2. locainkena i 1eTajJibHO PO3IVISIIA€THCS Y CHemi-
aJIbHUX JKepeJsiax Jisi Ha opranizM ¢iTonpenaparis,
iX moOiuHa Jis Ta MPOTHNOKA3aHHS, 32CTOCYBAHHS
Ha Pi3HUX eTamax JiKyBaHHs, 103U i (popma 3acTo-
cyBanHs. I{o crocyerhest diTonpoaykriB, 0310po-
BYO-JIIKYBaJIbHi YHHHUKHU iX 3aCTOCYBAHHS BHCBIT-
JIIOIOTHCSl JIMIIE eMi30QHYHO B OKPEeMHX IKepesax,
TOII SIK MM BKMBA€EMO iX Maiixke IIOAHS, i HEAOTPH-
MaHHS UX YHHHUKIB MOKe 3HAYHO 3aIIIKOIUTH 310-
POB’10 TilepeciYHUX IPOMA/ISIH.

3. HenocTaTrHb0 BHBYEHA B3aeMoisi GiTonpoayk-
TiB, 0BO4iB, GpyKTiB i3 3acobamu ¢iznunoi Tepamii
(npedopmoBanumu pakropamu), 0co0JIMBO TAKUMH,
SIK eJeKTpodope3, eJTeKTPOCTHMYIIOBAHHS TA eJIeK-
TpoMacax, iH¢padyepBoHe ONPOMIHIOBAHHS, IO
norpedye A0AATKOBHX J0CIiIKEHb.

JITEPATYPA

Bensens JI. B., apmorpait P. €., Omniftauk I1. B. Ta in. Jlikapceki pocnunn i ¢itorepamis. @imomepanesmuuna peyenmypa:
HaByasbHUN nociOHuK (BH3 IV p. a.). Kuis: Menunmna, 2010. 400 c. ISBN: 978-617-505-069-9

Benst M. @itorepanis sik anbTepHaTHBHUN MeTo[ JikyBaHHs. [Ipec-ciyx6a 25/05/2023. URL: https://www.bsmu.edu.ua > blog
» fitoterapiya-yak-alter. I'apna C. B., Bnagumuposa I. M., Bypn H. b. ta in. CyuacHa ¢itoTeparnis: HaB4aJIbHUI MOCIOHUK. XapKiB:
Hpyxapus «Mazapuny», 2016. 580 c. ISBN 978-617-7294-91-6 uu.edu.ua https://vo.uu.edu.ua > mod_resource > content

Tapuuk T. 1., [lerpimesa B. O., 'apauk K. B., Irnarosa 1O., [Tapuawmi ['azae Cemninex. Kiiniuauii tocBin 3acrocyBanHs ¢iTo3aco0iB
y XBOpHX i3 KoMOpOiiHOIO0 maronorieto. @imomepanisi. Yaconuc. 2019, 3. C. 22-26. URL: http://nbuv.gov.ua/UJIRN/Fch_2019 2 13.

I'yneko P. M. CnoBHuK Jlikapcbkux pociuH cBitoBoi meanumu. JIpi: Jlirallpec, 2005. 506 c.

I'yron JI. JTouinbHICT 3aCTOCYBaHHS METOLY KJIACHYHOT rOMEOIarii B Cy4acHii MeIUIIHHI Ha IPUKIIa/li TOMEONaTHYHOTrO Iperapary
Avena sativa (o miteparypn). @imomepanis. Yaconuc. 2023, 4. 17-21, doi: 10.32782/2522-9680-2023-4-17

[xapsuc /1. C. Men Ta iHmi npupoaHi npoayktu. byxapect: Anumonaus, 1981. 126 c.

Inpauneka 1. ditorepanist s aiteit. Oxopona npayi. 2024, 3. URL: https://ohoronapraci.kiev.ua/

Ko6G3ap A. 1. dapmakoruosis B MenuiuHi. Kuis: Meauuna, 2007. 543 c.

Kosanenko B. H. Komnenaiym 2014 — nikapusiai npemnaparu. Kuis: Mopuos, 2014. 248 c.

Konecnuxk 0. M., Kopniescrkuii 1O. 1., [Tanacenko O. 1. Jliku XopTui: HaB4aIpbHO-METOAMYHHUN NOCIOHUK. 3anopixoks: 3[AMY,

2013. 556 c.

Konogasoga O. 10., Mitaenko @. A., lllypaesa T. K. BionoriyHo akTHBHI peYOBHHH JTIKapPCHKUX POCIVH: HABYAIBHUIT TOCIOHYIK.

Kuis, 2008. 352 c.

Kopuiescrkwmii 1O. 1., [Tanacenko O. 1., Kopniescrka B. I'. Ta iH. 3enena anteka: HaBdanbHUH nociOHUK. 3amopixks: 3AMY, 2012.

642 c.

Kopuiescpkwii 1O. 1., Kopriescoka B. T, [Tanyenko C. B., borycnasceka H. 0. Banepiana nikapceka: MoHOTpadis. 3amopizkKs:

31IMY, 2014. 501 c.

Kopuiescpkwii 1O. 1., Kpaiinamenko O. B., Kpacsko M. I1., Borycnasceka H. 1O., KopnieBcbka B. I. ditotepamnis B Kapaionorii:

HaBJaIbHUN nociOHuK. 3anopixoks: 3AMY, 2017. 470 c.

Kopniescokuii 1O. 1., Kopniescoka B. I, Kyniuenko A. K., [Tanuenko C. B. ®apmanesruuna 6oranika. JIaTHHCbKa TepMiHOJIOTIS:

HaBYaIbHUH 1ociOHUK. 3amopixoks: 3AMY, 2021. 107 c.

Kpasuenko O. O., Mimenko M. C., Jlesuerko H. B. Ta in. ComiaapHO-TICHXO0IOTiYHA peadiTiTamis AiTeil Ta MOJIOAI 3 0COONMUBUMH
OCBITHIMH MOTpebaMu: IHHOBAL[HI TeXHOJIOTIT mpupoaoTeparii: MoHorpadis. YMans: Bizasi, 2020. 144 c.
Mumropa S. I, lkaryna FO0. M., 3abapua T. A., Ilexex JI. B.- InnoBarmiiini migxomu o ¢iropemeniamii Ta diTopexynsTuBanii y

Cy4JacHHUX cucTeMax 3emsiepoOctsa. Binnust: Hpyk, 2022. 1200 c.

Arkhypova, M., Deriabin, O., Trokhymchuk, T., Starosyla, D., Atamaniuk, V., Zavelevich, M., Vialykh, Z., Rybalko, S., Galkin, A.
The Influence of Flavonoid Compositions on Nrf2 Transcription Factor Expression in Case of Infections Triggered by Influenza A Virus
and Transmissible Gastroenteritis Coronavirus. Innovative Biosystems and Bioengineering, 2023; 7(4), 48-56.

Aviva Romm. Botanical Medicine for Women’s Health. 2019. 705 p.

Barues J., Anderson L., Phillipson D. Herbal Medicinal. 2007. Pharmacentical Press. 721 p.

Bone K., Mills S. Principles and Practice of Phytotherapy: Modern Herbal Medicine. Hardbound, 2012. 1056 p.

Bo, Wen, Peter, Gorycki. Bioactivation of herbal constituents: mechanisms and toxicological relevance. Drug Metabolism Reviews,

Volume 51, 2019. Issue 4. Pages 453—497.

Ikhlas A. Khan, Ehab A. Abourashed. Ephedra. Leung's Encyclopedia of Common Natural Ingredients: Used in Food, Drugs and
Cosmetics (anri.). 3rd. New York: Wiley, 2019. ISBN 978-0471467434.

.16

®ditoTtepanis. HYaconuc

Ne 3, 2024




®disuyHa Tepania. EproTepania. Auckycii

Herbert M. Shelton. Fasting can save your life. Eighth Printing. January. 2009. Printed in the United States of America. P. O.
Box 477, Youngstown, Ohio 44501-0477. National Health Association. www.healthscience.org

Heinrich M. Fundamentals of Pharmacognosy and Phytotherapy. UK: Elsevier Health Sciences, 2012. 336 p.

Xin-Zhuan, Su, Louis, H. Miller. The discovery of artemisinin and the Nobel Prize in Physiology or Medicine. Science China Life
Sciences. 2019, 11-01. Vol. 58, iss. 11. P. 1175-1179. doi:10.1007/s11427-015-4948-7

Newmaster S., Grguric M., Shanmughanandhan, D., Ramalingam, S., Ragupathy, S. DNA barcoding detects contamination and
substitution in North American herbal products. BMC medicine. 2019, Vol. 11. P. 222. doi:10.1186/1741-7015-11-222

Raynor D., Dickinson R., Knapp P., Long A., Nicolson, D. Buyer beware? Does the information provided with herbal products
available over the counter enable safe use? BMC Medicine. 2011. 9, Vol. 9. P. 94-95. doi:10.1186/1741-7015-9-94

Kovaleva A., Kovaleva O. Modern approaches to physical therapy for people with hypertension and cervical fibromyalgia (litera-
ture review). Phytotherapy. Journal. 2022, 1. 39-47. doi: 10.33617/2522-9680-2022-1-39

Volodina TT, Korotkevich NV, Romanyuk SI, Galkin OY, Kolybo DV, Komisarenko SV. Implementation of dietary supplements
with effect of dezintoxication and improvement of osteogenesis and metabolism. Sci Innov. 2017;13(6):39-50. DOI: 10.15407/
scin13.06.041

REFERENCES

Benzel, L. V, Darmohray, R. Y., Oliinyk, P. V. et.al. (2010). Likarski roslyny and fitoterapiia. Fitoterapevtychna receptura. Navch.
posibnyk (BNZ IV p.a.). K., Vyd-vo «Medycynay, 400 s. ISBN: 978-617-505-069-9 [in Ukrainian].

Velia Mariia. (2023)/ Fitoterapiia iak alternatyvnyi metod likuvannia. Pres-sluzhba 25/05/2023. https://www.bsmu.edu.ua > blog »
fitoterapiya-yak-alter.

Garna, S. V., Vladymyrova, 1., M., Burd, N. B., at.al. (2016). Suchasna fitotrapiia. Navch.posibnyk.. Harkiv” «Drukarnia Madryd»,
580 s. ISBN 978-617-7294-91-6 uu.edu.ua https://vo.uu.edu.ua » mod_resource » content [in Ukrainian].

Garnyk, T. P., Petrisheva, V. O., Petrishcheva, B. O., Harnyk K. V. Ignatova Yu, Parchami Gazae Cepidex. (2019). Klinichnyi
dosvid zastosuvannia fitozasobiv u xvoryx iz komorbidnoju patalogieyu. Fitotrapiia. Chasopys., 3, 22-26. http://nbuv.gov.ua/UJRN/
Fch 2019 2 13[in Ukrainian].

Gulko, P. M. (2005). Slovnyk likarskyh Roslyn svitovoii medycyny. Lviv: LigaPres, 506 s. [in Ukrainian].

Gucol, L. (2023) Dotsilnist zastosuvannia metodu klasychnoii gomeopatii v suchasnii medycyni na prykladi gomeopatychnogo
preparatu. Avena sativa. Fitoterapiia. Chasopys, 4. 17-21, doi: 10.32782/2522-9680-2023-4-17 [in Ukrainian].

Djarvys, D. C. (1981). Med ta inshi pryrodni produkty. Buharest. Apymondiia. 126 s.

Ilnytska Inna. (2024). Fitoterapiia dlia ditei. Naukovo-vyrobnychyi zhurnal «Ohorona praciy., 3. https://ohoronapraci.kiev.ua/
[in Ukrainian].

Kobzar, A. Ya. (2007). Farmakognozia u medycyni. K.: Medycuna, 543 s. [in Ukrainian].

Kovalenko, V. N. (2014). Kompendium — likarniani preparaty. K.: Moryon, 248 s. [in Ukrainian].

Kolesnyk, Yu. M., Kornievskii, Yu. I., & Panasenko, O. I. (2013) Liky Hortytsi. Navch-metod. Posibnyk. Zaporizhzhia: Vyd-vo
ZDMU, 556 s. [in Ukrainian].

Konovalova, O. Yu., Mitchenko, F. A., & Shuraeva, T. K. (2008). Biologichno aktyvni rechovyny likarskyh Roslyn. Navch.posib-
nyk farmakognozii dlia student zaochnoii formy navchannia farmac. F-tiv. K., 352 s. [in Ukrainian].

Kornievskii, Yu. I., Panasenko, O. I. 1., Kornievska, V.G., at al. (2012). Zelena apteka. Navch-metod. Posibnyk. Zaporizhzhia:
Vyd-vo ZDMU, 642 s. [in Ukrainian].

Kornievskii, Yu. I., Kornievska, V.G., Panasenko, O. 1., & Boguslavska, N. Yu. (2014). Valeriana likarska. Monografiia. Zapor-
izhzhia: Vyd-vo ZDMU, 501 s. [in Ukrainian].

Kornievskii, Yu. 1., Kraidashenko, O. V., Krasko, M. P., Boguslavska, N. Yu., & Kornievska, V.G. (2017). Fitotrapiia u kardiologii.
Navch. posibnyk. Zaporizhzhia: Vyd-vo ZDMU, 470 s. [in Ukrainian].

Kornievskii, Yu. 1., Kornievska, V.G., Kulichenko, A. K., & Panasenko, S. V., (2021). Farmacevtychna botanika. Latynska termi-
nologiia. Navch.posibnyk dlia studentiv I-1II kursiv farmac.f-tiv spets 226 «Farmaciia, promyslova Farmaciia», osvitnia prog «Teh-
nologii parfumerno-kosmetbchnyh zasobiv». Zaporizhzhia: Vyd-vo ZDMU, 107 s. [in Ukrainian].

Kravchenko, O. O., Mischenko, M. S., & Levchenko, N. V. at.al. (2020). Sotsialno-psyhologichna reabilitatsiia ditei ta moldi z
osoblyvymy osvitnimy potrebamy: innovatsiini tehnologii pryrodoterapiii. Monografiia. Umanskii derzhavnyi ped.universytet imeni
Pavla Tychyny. Uman: Vizavi, 144 s. [in Ukrainian].

Likarski roslyny: entsyklopedychnyy dovidnyk (1992). Vidp. Red. A.M. Grodzynskyy. Kyiv: Vydavnytstvo «Ukrainian Entsyklo-
pediya» im. M.P. Bazsana, Ukranian vyrobnycho-komertsiynyy tsentr «Olimp», 544 s. [in Ukrainian].

Tsytsiura, Ya. G., Shkatula, Yu. M., Zabarna, T. A., Peleh, L.V., & Pelekh, L. B.-(2022). Innovatsiini pidhody do fitoremediatsii ta
fitorekultuvatsii u suchasnyh systemah zemlerobstva. Vinnytsia: TOV «Druk», 1200 s. [in Ukrainian].

Arkhypova, M., Deriabin, O., Trokhymchuk, T., Starosyla, D., Atamaniuk, V., Zavelevich, M., Vialykh, Z., Rybalko, S., Galkin, A.
(2023). The Influence of Flavonoid Compositions on Nrf2 Transcription Factor Expression in Case of Infections Triggered by Influ-
enza A Virus and Transmissible Gastroenteritis Coronavirus. Innovative Biosystems and Bioengineering, 7(4), 48-56. DOI: 10.20535/
bb.2023.7.4.290103

Aviva Romm. (2019). Botanical Medicine for Women’s Health. 705 p.

Barues, J., Anderson, L., & Phillipson, D. (2007). Herbal Medicinal. Pharmacentical Press. 721 p.

Bone, K., & Mills, S. (2012). Principles and Practice of Phytotherapy: Modern Herbal Medicine. Hardbound. 1056 p.

Bo Wen, & Peter Gorycki. (2019). Bioactivation of herbal constituents: mechanisms and toxicological relevance. Drug Metabolism
Reviews, Volume 51, Issue 4. Pages 453-497.

®itorepanis. Yaconuc Ne 3, 2024 117 -



®disuyHa Tepania. EproTepania. Auckycii

Ikhlas, A. Khan, & Ehab, A. Abourashed. Ephedra. Leung's Encyclopedia of Common Natural Ingredients: Used in Food, Drugs
and Cosmetics (anr.). 3rd. New York: Wiley, 2019. ISBN 978-0471467434.

Herbert, M. Shelton. Fasting can save your life. Eighth Printing. January. 2009. Printed in the United States of America. P. O.
Box 477, Youngstown, Ohio 44501-0477. National Health Association. www.healthscience.org

Heinrich, M. (2012). Fundamentals of Pharmacognosy and Phytotherapy. UK: Elsevier Health Sciences, 336 p.

Xin-Zhuan, Su, Louis, H. Miller. (2019). The discovery of artemisinin and the Nobel Prize in Physiology or Medicine. Science
China Life Sciences. 11-01. Vol. 58, iss. 11. P. 1175-1179. doi:10.1007/s11427-015-4948-7

Newmaster, S., Grguric, M., Shanmughanandhan, D., Ramalingam, S., & Ragupathy, S. (2019). DNA barcoding detects contami-
nation and substitution in North American herbal products. BMC medicine. Vol. 11. P. 222. doi:10.1186/1741-7015-11-222

Raynor, D., Dickinson, R., Knapp, P., Long, A., & Nicolson, D. (2011). Buyer beware? Does the information provided with herbal
products available over the counter enable safe use? BMC Medicine. 9, Vol. 9. P. 94-95. doi:10.1186/1741-7015-9-94

Kovaleva, A., & Kovaleva, O. (2022). Modern approaches to physical therapy for people with hypertension and cervical fibromy-
algia (literature review). Phytotherapy. Journal. 1. 39-47. doi: 10.33617/2522-9680-2022-1-39 [in Ukrainian].

Volodina TT, Korotkevich NV, Romanyuk SI, Galkin OY, Kolybo DV, Komisarenko SV (2017). Implementation of dietary sup-
plements with effect of dezintoxication and improvement of osteogenesis and metabolism. Sci Innov. 13(6):39-50. DOI: 10.15407/
scin13.06.041

Cmamms naoitiwna 0o pedaxyii 21.06.2024.
Cmamma npuiinama 0o opyky 21.07.2024.

ABTOpH 3asIBJSIOTH NPO BiAcyTHicTH KOHQUIIKTY iHTepeciB.

BHecok aBTOpiB:

BuxasieB ¥0. M. — izest, ain3aifH JOCIIKEHHS, HAITUCAHHS TEKCTY, BUCHOBKHU, KOPEKTYBaHHS CTaTTi;
Hynoposa JI. FO. — 36ip Ta aHami3 JniTeparypH, CTaTUCTHYHA 00poOKa JaHUX, aHOTAIlil, pe3toMe;
IMenenko H. I. — yyacTs y HamicanHi cTarTi, nepexiiaz;

Yepuoscebkuii C.M. — 30ip Ta aHaJi3 JaHUX, y9acTh y HAIIMCAHHI CTAaTTI.

EaextponHa agpeca 1151 THCTYBAHHS 3 AaBTOPAMU:
Vykh46@i.ua

. 118 ®itotepanis. Yaconuc Ne 3, 2024



®disuyHa Tepania. EproTepania. Auckycii

UDC 615.8:616.728: 796.012.62:

Yelyzaveta VORONIUK

3-d year PhD student, Department of Biosafety and Human Health, National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”, Beresteiskyi ave, 37, Kyiv, Ukraine, 03056 (yelyzavetal94@gmail.com)
ORCID: 0000-0002-5789-9358

SCOPUS: 58971928900

Yuliya ANTONOVA-RAFI

Candidate of Technical Science, Associate Professor, Docent at the Department of Biosafety and Human Health,
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Beresteiskyi ave, 37, Kyiv,
Ukraine, 03056, And Senior Research Fellow in E. O. Paton Electric Welding Institute, 11, Kazymyr Malevych str.,
Kyiv, Ukraine, 03150 (antonova-rafi@ukr.net)

ORCID: 0000-0002-9518-4492

SCOPUS:57202217816

To cite this article: Voroniuk Ye., Antonova-Rafi Yu. (2024). Syndrom hipermobil'nosti suhlobiv ta profesiyno
nabutyy nadmirnyy diapazon rukhiv: kompleksnyy ohlyad suchasnykh doslidzhen [Hypermobility Syndrome
and the Spectrum of Excessive Range of Motion: A Comprehensive Review of Current Research]. Fitoterapiia.
Chasopys — Phytotherapy. Journal, 3, 119125, doi: https://doi.org/10.32782/2522-9680-2024-3-119

HYPERMOBILITY SYNDROME AND THE SPECTRUM OF EXCESSIVE RANGE OF MOTION:
A COMPREHENSIVE REVIEW OF CURRENT RESEARCH

Abstract. Hypermobility syndrome (HMS) and excessive range of motion (ROM) present distinct challenges for individuals and
healthcare providers, particularly physical therapists. HMS is a connective tissue disorder characterized by joint hypermobility,
chronic pain, and a predisposition to injuries, often requiring specialized therapeutic approaches. Conversely, individuals such as
circus performers, gymnasts, and dancers develop excessive ROM through rigorous training, leading to a unique set of musculoskeletal
issues. This literature review aims to delineate the differences between HMS and acquired excessive ROM, highlighting the necessity for
tailored physical therapy interventions. By analyzing existing research, we emphasize the importance of specific knowledge and skills
Jor physical therapists to effectively manage and prevent injuries in this population. Our findings suggest that while the underlying
mechanisms differ, both conditions benefit from targeted therapeutic strategies focusing on joint stabilization, proprioception
enhancement, and injury prevention. This review underscores the critical need for specialized training for physical therapists to
address the unique demands of patients with acquired excessive ROM, thereby improving outcomes and reducing the risk of chronic
issues.

The purpose of the study. This comprehensive literature review was conducted to compare hypermobility syndrome (HMS) and
excessive range of motion (ROM) in individuals who do not have HMS but have developed significant flexibility through specific
training, such as circus performers, gymnasts, and dancers. The review aimed to identify the specific physical therapy needs for these
populations to prevent injuries and manage their unique musculoskeletal challenges.

Materials and methods. A systematic search was performed across multiple electronic databases, including PubMed, Scopus,
Web of Science, and Google Scholar. The search included articles published up to June 2024. Relevant articles were screened based
on their titles and abstracts. Full-text articles of potentially relevant studies were then reviewed. Data were extracted regarding the
characteristics of the study, outcomes measured, and key findings. The extracted data were synthesized to identify common themes,
differences, and gaps in the existing literature.

QOutcomes and discussion. Our findings indicate that while the underlying mechanisms of HMS and acquired excessive ROM differ,
both conditions benefit from targeted therapeutic strategies focusing on joint stabilization, proprioception enhancement, and injury
prevention. For individuals with acquired excessive ROM, tailored interventions that account for their unique biomechanical demands
are crucial. The literature suggests that these individuals are at risk for overuse injuries, joint instability, and other musculoskeletal
issues, necessitating a proactive and informed approach to physical therapy.

Conclusions. This review underscores the critical need for specialized training for physical therapists to address the unique
demands of patients with acquired excessive ROM. By incorporating specific strategies aimed at enhancing joint stability and
preventing injury, therapists can improve outcomes and help these individuals maintain their high level of performance. Future
research should continue to explore optimal therapeutic techniques and preventative measures to support these specialised groups.

Key words: rehabilitation, performing arts physical therapy, hypermobility, excessive range of motion, circus injury, hypermobility
spectrum disorder, pain management, quality of life.
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CHHAPOM ' EPMOBIJIBHOCTI CYIVIOBIB TA MPO®ECIHHO HABYTHI HAJIMIPHUM
JIAITA30OH PYXIB: KOMINUVIEKCHHUMU OIS CYYACHUX JOCJILI)KEHb

Axmyansnuicme. Cunopom einepmobinbnocmi ma Habymuil HAOMIpHULL OIANA30H PYXie CIMEOPIOIMb PI3HI BUKAUKU OJi OKPeMUX
oci6 ma meouynux npayienuxie, 3okpema Qizuunux mepaneemis. Cunopom cinepmobintbHocmi — ye po3nad CnoryYHOI MKAHUHU, WO
Xapaxmepuzyemvcsi 2inepmodiibHiCmIo Cyenodie, XPOHIUHUM 6OIeM MAa CXUTbHICIIO 00 MPABM, WO YACMO 8UMA2AE CReYLaNi308aHUX
mepanegmuuHux nioxo0is. 3 inuio2o 60Ky, maxi 0coou, K Yupkosi apmucmu, 2iMHACMY Md MAHYIGHUKY, PO3BUBAIOMb HAOTUUKOBUTLL
dianason pyxie 3a605Ku MPeHyBanHAM, 60 Yb020 BUMALAE eCIEeMUKa 6UKOHABCLKUX 6U0i6 Mucmeymeda. Le npuzeooums 0o yHiKaIbHUX
npobnem onopro-pyxoeoeo anapamy. Lleii 02nsio nimepanmypu mac Ha mMemi posmexncy8amu 8iOMiHHOCIE MidC CUHOPOM 2inepmoobinb-
HOCcmi ma HAbymow HAOMIPHUM OIana3oHOM PYXi6, NIOKpecnouu HeoOXIOHicmb THOUGIOYani308aHUX (hiziomepaneemuynux ympy-
uans. AHAni3yOUU ICHYIOYT Q0CTIONCEHHS, MU NIOKPECTIOEMO 8ANCIUBICIMb CHEeYIATbHUX 3HAHbL MA HABUYOK 015 (DI3UYHUX mepanesmis,
o6 epexmusHo Kepysamu ma 3anobicamu mpasmam y yiti nonyaayii. Hawi eucnosku ceiouams npo me, wo Xoua Mexauiamu, sKi
JIedHcamo 8 OCHOGI, PI3HAMbCS, 06U CMAHU BUSPAIOMb GI0 YLIbOBUX MEPANESMUUHUX CMPAMe2ill, CIPAMOSAHUX HA cmabinizayilo
cyenobis, noninuenns nponpioyenyii ma 3anobdieanns mpaemam. Lleti 02nsi0 niokpecaroe Kpumuuny nompeby y cneyianizogamiti nio2o-
mosyi izuyHuUX mepaneemis 05 3a0060J€HHs VHIKATbHUX 8UMO2 NAYIEHMIE 13 HAOYMUM HAOMIDHUM OIANA30HOM pYXig, MUM Camum
noxkpawyiouu npogheciiini 0ocASHenHA apmuUCcmie ma 3MeHuLyIo4U pusuK XpoHIYHUX npobaem y 00820CMPOKOEill NepCReKmusi HCumms.

Mema docniorcenns. Lleti ycebiunuii o2nsno nimepamypu 6y npoedeHutl st NOPIGHAHHSI CUHOPOMY 2INepMOGLIbHOCIE MA HAOIUUL-
K08020 OlanazoHy pyxie y ocib, sKi He MAarmb CUHOPOMY 2INEPMOOLILHOC, dlle PO3GUHYIU 3HAUHY SHYUKICIb 3A80SKU CReYUDIiuHOMY
HABUAHHIO, MAKOMY 5K YUPKOGI apmucmu, eiMHacmu ma manyienuku. Q210 Mas Ha Memi 8U3HaYUmMu KOHKpemHi nompeou y gizuunii
mepanii 015 yux 2pyn iz Memoio 3anobicants mpasmam ma ynpaguinis iXxHimu YHiKaiHumu npobiemami. OnopHO-pyxo8020 anapanty.

Mamepian i memoou. byno nposedero cucmemamuuHuil ROWYK Y KLIbKOX eleKmpoHHUX 6a3zax danux, exmouarouu PubMed, Scopus,
Web of Science ma Google Scholar. Ilouwyk oxonnioeas cmammi, onyonikosani 0o uepsns 2024 p. Bionogioni cmammi npociioganucs
Ha OCHO8I iX 3a20106Ki6 ma anomayiil. [lomenyitino 6i0nosioni cmammi 6ynu nepeaianymi y noguomy oocsasi. /lani 6ynu eumsaenymi
Wo0o Xapakxmepucmux 00CHIONCEHHS, BUMIPIOBAHUX Pe3YIbmamie ma OCHOBHUX 6UCHOBKI6. Bumsaznymi dani 6yau cunme3o8ami ons
BUSHAUCHHSL 3A2AbHUX MEM, 6IOMIHHOCMEN Ma NPO2ATUH Y HAAGHIU 1imepamypi.

Pezynomamu docnioxncennn. Hawi sucnosku ceiouames npo me, wo Xo4a 0OCHOBHI MeXAHi3MU CUHOPOMY 2inepmobinbHOCI cye-
710016 ma HaOymoi HAOMIpHOI HYUKOCMi PI3HAMbCA, 00U08A CINAHU 8USPAIOMb 810 YLTbOBUX MEPANESIMUUHUX CIMPAMe2ill, CNpAMOo8a-
HUX Ha cmabinizayiio cyenodis, norinwenns nponpioyenyii ma 3anobiecanns mpagmam. /s oci6 i3 HAOYmMoio HAOMIPHOI SHYUKICIIO
BANCTUBL THOUBIOVANIZ06AHI BMPYUAHHSL, KT 8PAXO8YIOMb IXHI YHIKAIbHI Olomexaniuni eumoau. Jlimepamypa éxazye na me, wo makxi
0cobU Ni00ArOMbCs PUBUKY NEPEHANPYICEHHS, HeCMIUKOCMI Cyenobie ma iHwux npobrem onopHo-pyxo8o2o anapamy, wo nompeoye
NpOaKmMueHo20 ma 00i3HAH020 NiOX00y 00 (isuunoi mepanii.

Bucnosok. Leii o2ns0 niokpecnioe kpumuyny nompe6y y cneyianizosaniii niocomosyi 0jisi giziomepanesmis Ojis 6upiuieHHs yHi-
KANbHUX 8UMO2 NAYIEHMIE I3 HAOYMOIW HAOMIpHOW eHyukicmio. LLInaxom ynpoeaodicents KOHKpemHUX cmpameziil, CNpAMOBAHUX HA
niosuwer s cmitikocmi cyenobie ma 3ano0iecauts mpasmam, QizuyHi mepanesmu MONCymv NOTINWUMU PEe3VIbIAmu ma 0onomMoemu
yum ocobam niompumyeamu UCOKUL pigeHb iXHbOI BUKOHABCHKOI dianbHocmi. MaubymHi po3sioku nosunHi npoo008x#Cys8amu 00Cuio-
JHCYBAMU ONMUMAILHI MePanesmuyHi mexHiku ma 3ano6ixchi 3axo0u 0Jis RIOMPUMKU Yiel cneyianizoeanol nonynayii.

Knrwuosi cnosa: peabinimayis, @izuuna mepanis BUKOHABCHKUX 6UOIE MUCTEYMBA, 2INepMOOLTbHICIb, HAOMIPHULL OIANA30H PYXIe,
Mmpaemu y YupKy, CHeKmp 2inepmooiibHOCHI, MeHeONCMeHM OO0, AKICIb HCUMMSL.

Introduction. Hypermobility syndrome and exces- syndrome and excessive range of motion is crucial for
sive range of motion are terms frequently encountered both healthcare professionals and individuals seeking to
in discussions surrounding joint flexibility and mobility. manage joint-related issues effectively. While both con-
Understanding the distinction between hypermobility ditions involve increased joint mobility, they differ sig-
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nificantly in terms of underlying causes, clinical impli-
cations, and management strategies (Micale, Fusco, &
Castori, 2021).

Hypermobility syndrome refers to a medical condition
where a person's joints move beyond the normal range of
motion, often causing joint pain and instability (Castori,
Tinkle, Levy, Grahame, Malfait, & Hakim, 2017). Exces-
sive range of motion, on the other hand, simply refers to
joints that can move more than what is considered typical
for an individual, but without the associated symptoms or
medical diagnosis (Clarkson, 2000). Hypermobile joints
in hypermobility syndrome are often associated with
collagen disorders or connective tissue problems, while
excessive range of motion can sometimes be attributed to
factors like genetics, training, or individual variation in
joint structure (Hakim, 2024; Tinkle, Castori, Berglund,
Cohen, Grahame, Kazkaz, & Levy, 2017).

In a scientific context, excessive range of motion and
hypermobility are related concepts but differ in their
precise definitions:

Excessive Range of Motion:

— Excessive range of motion refers to the ability of a
joint to move beyond the typical or normal range that is
expected for that particular joint.

— It is a general term indicating that the joint can
perform movements beyond what is considered stand-
ard, but it may not necessarily imply a pathological
condition.

— Excessive range of motion can be influenced by
factors such as genetics, anatomy, and mostly by pro-
fessional specific training (circus arts, gymnastics, ballet
etc.) (Hakim, 2024).

Hypermobility:

— Hypermobility specifically refers to a condition
where joints can move beyond their normal range to an
extent that exceeds what is considered typical for the
general population.

— It is often associated with a laxity of connective
tissues, allowing joints to move more freely than usual.

— Hypermobility is commonly assessed using tools
like the Beighton Score, which evaluates the flexibility
of certain joints (Gensemer, Burks, Kautz, Judge, Lav-
allee, & Norris, 2021).

Excessive range of motion is a broader term indicat-
ing a joint’s ability to move beyond the expected range,
while hypermobility is a more specific condition char-
acterised by joints moving excessively and often associ-
ated with connective tissue laxity.

Pain management is a critical component of treat-
ing conditions involving hypermobility syndrome and
excessive range of motion. Individual pain perception
was quantitatively assessed using a visual analog scale,
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providing a subjective yet standardized method of eval-
uating pain intensity(Jung & Chae, 2019). Addition-
ally, muscle flexibility was determined by the Schober
method, which is frequently used to measure the range of
motion in the lumbar spine. Furthermore, both patients
and investigators evaluated the efficacy of the treat-
ment using a rating scale, emphasizing the importance
of a comprehensive approach to pain management that
includes multiple perspectives on treatment outcomes.

In the realm of performing arts, as a physical ther-
apist specialising in this field, two main challenges
arise: firstly, the tendency to misdiagnose any abnormal
range of motion as hypermobility syndrome, which is
not always accurate; and secondly, the lack of specific
knowledge among physical therapists regarding the
treatment nuances required for individuals with exces-
sive range of motion, as many techniques often necessi-
tate adaptation.

Hypermobility disorders such as hEDS/ HSD are
more prevalent in performing artists including dancers
and circus artists but are often overlooked or improperly
managed. Physical therapists can help to screen for mul-
ti-system involvement in patients with hypermobility
and facilitate referrals for earlier diagnosis and improved
collaborative interprofessional management. Hypermo-
bile aesthetic artists also need additional assessment and
unique management strategies to optimise their partici-
pation and performance (Callahan, 2022)

Joint Hypermobility Syndrome (JHS) is a connective
tissue disorder associated with hypermobility in which
musculoskeletal complaints are present in the absence
of systematic rheumatological disease (Simpson, 2006).
JHS is diagnosed by the Revised Brighton criteria (BC)
(1998) (Grahame, Bird, & Child, 2000) consisting of 2
major and § minor criteria which includes the presence
of symptoms including arthralgia, dislocation, sublux-
ation, spinal conditions, soft tissue rheumatism, mar-
fanoid habitus, abnormal skin, eye signs, varicose veins
and hernia. JHS has been associated with injury in dance
as identified by the BC (Ruemper, & Watkins, 2012,
Amstrong, 2019).

The purpose of the study. This comprehensive lit-
erature review was conducted to compare hypermobility
syndrome and excessive range of motion in individuals
who do not have hypermobility spectrum disorder but
have developed significant flexibility through specific
training, such as circus performers, gymnasts, and danc-
ers. The review aimed to identify the specific physical
therapy needs for these populations to prevent injuries
and manage their unique musculoskeletal challenges.

Materials and methods. This comprehensive litera-
ture review was conducted to differentiate the treatment
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strategies for hypermobility syndrome and excessive
range of motion in individuals who do not have hyper-
mobility syndrome but have developed significant flex-
ibility through specific training, such as circus perform-
ers, gymnasts, and dancers. The review aimed to identify
the specific physical therapy needs for these populations
to prevent injuries and manage their unique musculo-
skeletal challenges.

Data sources and search strategy. A systematic
search was performed across multiple electronic data-
bases, including PubMed, Scopus, Web of Science,
and Google Scholar. The search included articles pub-
lished up to June 2024. Keywords and search terms used
were “hypermobility syndrome,” “excessive range of
motion,” “physical therapy,” “injury prevention,” “cir-
cus performers,” “gymnasts,” “dancers,” and “musculo-
skeletal disorders.”

Inclusion and exclusion criteria. Inclusion criteria for
selecting articles were:

— Peer-reviewed articles.

— Studies focusing on hypermobility syndrome and
its management.

— Research on excessive range of motion treatment
and injury prevention due to training in performers,
gymnasts, and dancers.

— Articles discussing physical therapy interventions
for injury prevention and management in the context of
hypermobility syndrome or excessive range of motion.

Data extraction and synthesis. Relevant articles were
screened based on their titles and abstracts. Full-text arti-
cles of potentially relevant studies were then reviewed.
Data were extracted regarding the characteristics of
the study population, types of interventions, outcomes
measured, and key findings. The extracted data were
synthesised to identify common themes, differences, and
gaps in the existing literature.

Quality assessment. The quality of the included stud-
ies was assessed using standardised criteria, considering
aspects such as study design, sample size, methodologi-
cal rigour, and relevance to the research question.

Study outcomes and discussions of them. The
comprehensive literature review analyzed 32 articles to
discern the nuances between hypermobility syndrome
and excessive range of motion. The primary challenge
identified in the literature is the differentiation between
individuals diagnosed with hypermobility syndrome and
those who simply exhibit an excessive range of motion
without underlying genetic connective tissue disorders.
This distinction is crucial as it impacts diagnosis, treat-
ment, and management strategies.

Many studies focus on hypermobility spectrum dis-
orders, encompassing a range of conditions where joint
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hypermobility is a prominent feature. These disorders
are often associated with genetic anomalies in connec-
tive tissues, leading to widespread systemic symptoms
beyond joint hypermobility, such as pain, fatigue, and
autonomic dysfunction. Researchers have extensively
explored the etiology, diagnostic criteria, pain man-
agement, and treatment options for hypermobility syn-
drome, aiming to improve patient outcomes and qual-
ity of life (Hamonet, Schatz, Bezire, et al., 2018; Harte,
Thomas, Beeton, & Almack, 2020)

There is some fundamental research related to danc-
ers, contemporary dancers and pole dancers in terms of
hypermobility (Ruemper, & Watkins, 2012; Wolfenden,
& Angioi, 2017; Oosterwijk, Nieuwenhuis, van der
Schans, & Mouton, 2018).

Depending on the criteria used, epidemiological
studies suggest that hypermobility among dancers can
be as high as 44%, especially in students. As hypermo-
bility has been linked to fatigue in the general popula-
tion, the hypermobile dancer should be careful given the
association between fatigue and aetiology of injury in
dance. Similarly, in light of research encouraging danc-
ers to become fitter, this recommendation may not be
appropriate for hypermobile dancers. In addition, the
Beighton score used in most dance related studies may
not be an appropriate measure of hypermobility in these
populations (Day, Koutedakis, Wyon, 2011).

The outcomes of pain management strategies in
patients with hypermobility syndrome and excessive
range of motion reveal that an integrated approach, com-
bining both objective and subjective assessment meth-
ods, is essential. Pain levels, as measured by the visual
analog scale, showed significant variation depending on
the flexibility and mobility levels of the patients.

These researches mostly focused on fatigue influ-
ence, hypermobility related injuries or injury prevention
in general. However, these researches omit dancers with
excessive range of motion but without hypermobility
spectrum disorder.

Medical management of the circus performer requires
a transdisciplinary, multicultural, and multifaceted
approach. The skill sets and performance requirements
of circus performers are diverse and highly specialized
with a wide variety of injury conditions which present
(Faltus, & Richard, 2022).

Conversely, there is limited research specifically
addressing individuals with excessive range of motion
resulting from intensive physical training rather than
genetic predisposition. Notably, fundamental research
has been conducted on circus artists, who frequently
exhibit hypermobility due to rigorous training regimens
(Miller 2014, Gensemer, 2021).
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One significant issue identified is the tendency for
healthcare providers to diagnose hypermobility syn-
drome in both populations. This overlap can lead to inap-
propriate treatment strategies, as the underlying causes
and associated symptoms differ significantly between
genetically predisposed hypermobility and acquired
excessive range of motion. The absence of clear diag-
nostic guidelines exacerbates this issue, underscoring
the need for more precise criteria and assessment
tools (Palmer, Cramp, Clark, Lewis, Brookes, Holling-
worth, Welton, Thom, Terry, Rimes, 2016).

The review highlights a critical gap in educational
resources for physical therapists. There is a dearth of
information on how to treat individuals who have devel-
oped an excessive range of motion through training,
rather than genetic disorders. Physical therapists often
lack the nuanced knowledge required to address the
unique needs of these patients, who may not exhibit the
same systemic symptoms as those with hypermobility
syndrome but still require specialised care to prevent
injury and manage their condition.

To bridge this gap, there is an urgent need to
develop targeted educational materials and train-
ing programs for physical therapists. These resources
should focus on the specific challenges faced by individ-
uals with acquired hypermobility, emphasizing preven-
tive measures, tailored exercise programs, and effective
management strategies. By equipping physical thera-
pists with the right tools and knowledge, it is possible
to improve outcomes for this distinct patient population.

While significant strides have been made in under-
standing hypermobility spectrum disorders, there is a
pressing need for more research and educational ini-
tiatives focused on excessive range of motion due to
training. Differentiating between these two groups is
essential for providing accurate diagnoses and effective
treatments, ultimately enhancing patient care and out-
comes.

Hypermobility syndrome is a complex condition
characterized by joint hypermobility, musculoskeletal
symptoms, and connective tissue abnormalities. Diagno-
sis relies on clinical assessment tools like the Beighton
score and Brighton criteria, alongside genetic and con-
nective tissue research (Scheper, Rombaut, de Vries,
et al.,, 2017). Management involves physical therapy,
pain management, and a multidisciplinary approach to
enhance the well-being of affected individuals. Ongoing
research in genetics and connective tissue biology con-
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tinues to deepen our understanding of hypermobility
syndrome, providing hope for more targeted thera-
pies in the future.

Conclusion

The synthesis of findings from the analyzed arti-
cles underscores the critical need for further research
in distinguishing between excessive range of motion
and hypermobility syndrome with underlying con-
nective tissue abnormalities. Despite advancements
in understanding these conditions, challenges per-
sist in accurately diagnosing and effectively treating
individuals presenting with increased joint mobility.
Addressing this gap through targeted research efforts
will not only enhance diagnostic precision but also
improve treatment strategies, ultimately optimizing
patient outcomes and quality of life. As we continue
to unravel the complexities of joint hypermobility,
collaboration among researchers, clinicians, and
individuals affected by these conditions will be par-
amount in advancing knowledge and improving clin-
ical practice.

This review underscores the critical need for spe-
cialized training for physical therapists to address the
unique demands of patients with acquired excessive
range of motion. By incorporating specific strategies
aimed at enhancing joint stability and preventing
injury, therapists can improve outcomes and help these
individuals maintain their high level of performance.

Perspectives of further research. Future research
should continue to explore optimal therapeutic tech-
niques and preventative measures to support this spe-
cialized population. This includes developing and test-
ing specific exercise programs tailored to individuals
with acquired excessive range of motion, investigating
the long-term effects of various interventions, and iden-
tifying key factors that contribute to successful manage-
ment and injury prevention. Additionally, there is a need
to establish standardized diagnostic criteria to distin-
guish between hypermobility syndrome and excessive
range of motion due to training, ensuring appropriate
and effective treatment. Collaborative efforts between
researchers, clinicians, and physical therapists are crucial
in advancing our understanding and improving care for
these individuals. Enhanced educational programs and
resources for healthcare providers will also be essential
to translate research findings into clinical practice, ulti-
mately benefiting patients through more informed and
effective therapeutic approaches.
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CLASTOGENIC EFFECTS OF VERATRUM ALBUM L. EXTRACT
IN A RAT BONE MARROW CHROMOSOME ABERRATION TEST

Actuality. Medicines containing various plants are becoming increasingly popular among the population of different countries all
over the world. However, given the fact that many herbal preparations were included in the pharmacopeia long before the introduction
of modern requirements for safety assessment and the development of new methods for such assessment, there is a risk of negative side
effects when using such medicines. Veratrum album L. extract, dermal application in children could be accompanied by transcutaneous
(by intense skin scratching) and per os — (by licking hands) entries into the organism. Adults may also ingest this substance by mistake. Using
Veratrum album L. extracts as a pesticide against the Colorado potato beetle greatly increases the possibilities of its entry into the bodly.

The aim of the research was to investigate Veratrum album L. extract possible genotoxic effects in chromosomal aberration test.

Material and methods. Wistar albino rats were separated into five groups (10 animals in each group): 1 — negative control (intact
rats), 2 — positive control (cyclophosphamide, 20 mg/kg b.w.), 3 — Veratrum album L. extract maximum tolerated dose (2.9 ml/kg b.w),
4 — Veratrum album L. extract %> of maximum tolerated dose (1.45 ml/kg b.w), 5 — Veratrum album L. extract % of maximum tolerated
dose (0.73 ml/kg b.w). Both preparations (Veratrum album L. extract and cyclophosphamide) were administered intraperitoneally.

Research results. Veratrum album L. extract significantly changed percentage of aneuploid cells, mitotic index, chromatid
and chromosomal aberrations. Gaps, fragments and breaks were the main types of chromatid aberrations, while the spectrum of
chromosomal aberrations was much wider and these changes had dose dependent character.

Conclusions. Thus, in experiments in vivo, we have shown Veratrum album L. extracts clear dose-dependent clastogenic effect.
The results obtained indicate the urgent need for additional assessment of herbal medicines' side effects and, first of all, those that are
approved for use in children.

Key words: Veratrum album L. extract, chromosomal aberration test, clastogenic effect.
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KJIACTOTEHHI EOEKTU EKCTPAKTY VERATRUM ALBUM L.
Y TECTI XPOMOCOMHUX ABEPAIII HA KJITUHAX KICTKOBOT'O MO3KY II[YPIB

Axmyanvricms. JlikapcoKi 3acobu, saKi Micmsamy pi3Hi poCIuHuU, HAOY8aOms yce OLIbUOT NORYISAPHOCHI ceped HACENEeHH S PIZHUX
Kpain ceimy. Ane epaxogyrouu moi gakm, wo 6a2amo poCciuHHUX npenapamis OVIu 6KIOYEH] 00 apmaronei 3a00620 00 3anpo-
6A0ICEHHA CYUACHUX 8UMO2 00 OYinKU Oe3neku ma po3pobienHs HOBUX Memooi6 maxoi oYiHKu, iCHYE PUBUK He2amUuGHUX noOIUHUX
eghexmis nio uac zacmocysanus yux npenapamis. Hawkipne sacmocyeanns excmpaxmy Veratrum album L. y 0imeil mooice cynpoeo-
o0oicysamucs uepes wiKipre (WAAXOM IHMEHCUBHO20 PO3UICYBANHSA WIKIPU) Ma per oS — (WIAXOM 00IU3Y8aAHHS PYK) 11020 NOMPANIAHHA
6 opeanizm. Jlopocii makodic ModCyms NOMUTIKOBO NPOKOBMHYMU Yi0 peuosuny. 3acmocysannsn excmpaxmy Veratrum album L. ax
necmuyudy npomu Koiopaocbko2o JCyKa 3HAUHO 30IIbULYE MONCAUBOCTI 1020 NOMPANTAHHSA 6 OP2AHI3M.

Mema oocnioxncenns. /locrioumu moxciugi 2eHomoxcuuHi epexmu excmpaxniy Veratrum album L. y mecmi Ha xpomocomui abepayii.

Mamepian i memoou. [Lypie ninii Wistar poznodinunu na 5 epyn (no 10 meapun y xoxcuiti epyni): 1 — koumpons (inmakmmui wypu,),
2 — nozumusHutl KOHMpoms (yukiogochamio, 20 me/ke macu mina), 3 — excmpaxm Veratrum album L. maxcumanoHo nepenocuma 003a
(2,9 mn/xe macu mina), 4 — excmpaxm Veratrum album L. %> maxcumansno nepenocumoi 0o3u (1,45 mn/xe macu mina), 5 — excmpaxm
Veratrum album L. % maxcumanvno nepenocumoi 0osu (0,73 ma/ke macu mina). Obuosa npenapamu (excmpaxm Veratrum album L.
i yuxnogocghamio) 6600unu 6HYmpiutHb0-04ePeGUHHO.

Pesynomamu 0ocnioxcennsn. Excmpaxm Veratrum album L. 3Hauno 3sMinué 8i0COMOK aHeynaoioHux KiimuH, MimomuyHul iHoexc,
Xpomamuoui ma xpomocomui abepayii. OCHOBHUMU MUNAMU XPOMAMUOHUX abepayitl Oyau émpamu, pazmenmu ma po3pusu, mooi Ax
CHeKmp XPOMOCOMHUX abepayiil 6y6 3HAUHO WUPWUM, | Yi 3MIHU MATU 00303AEXHCHUL XapaKmep.

Bucnoeok. Taxum uunom, 6 excnepumenmax in vivo mu noxasanu, wo Veratrum album L. eusignsic wimkuii 00303anexcHull Kiacmo-
eennuil eghekm. Ompumani pe3ynemamu ceiouams npo HA2aIbHy HeobXionicms 000amKoeol oyinku nobiunoi oii pimonpenapamis,
Hacamneped mux, siKi 003601€Hi 00 3ACMOCYEAHHsL OTNISIM.

Knrwuoei cnosa: excmpaxm Veratrum album L., mecm na xpomocomui abepayii, kiacmoeenua Ois.

Introduction. Actuality. The use of plants as med- now medicines containing various plants are becoming
icines by humans began in prehistoric times and this increasingly popular among the population of different
practice is successfully continued to this day in both countries all over the world. In the minds of the current
developing and highly developed countries. Moreover, technogenic society, the stereotype about the safety and
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usefulness of everything that is of natural origin, and
herbal medicines, is no exception (Kislyak et al., 2024;
Kurdil et al., 2024; Shevchenko et al., 2022).

However, given the fact that many herbal prepara-
tions were included in the pharmacopeia long before the
introduction of modern requirements for safety assess-
ment and the development of new methods for such
assessment, there is a risk of negative side effects when
using such medicines. Adopted in 2004 toughened inter-
national Directives on traditional herbal medicinal prod-
ucts for human use (Directive 2004/24/EC) did not com-
pletely solve the problem of our insufficient knowledge
of such preparation’s safety.

In the past centuries there were no methods for prop-
erly assessing the possible negative effects of drugs,
or even an understanding of the need for these studies
therefore, a preparation used for centuries without vis-
ible immediate negative consequences may well pose a
serious health hazard. Quality of raw materials, method
of preparation and chemical composition of the selected
herbal substance, choice of doses, method and duration
of use. dosage regimen, age of patients, interaction with
other herbal or synthetic drugs — this is an incomplete
list of reasons for the manifestation of negative effects in
herbal medicines, as evidenced by the growing number
of scientific publications (Krepkova et al., 2013).

More and more specialists are realizing that even a
long and ostensibly successful history of herbal medi-
cines use does not guarantee their safety, therefore, in
some cases, the EU and USA regulatory authorities have
the right to request additional data to evaluate the safety
of any drug. Effective and safe phytopharmacotherapy
needs to have full information not only about the phar-
macologic activity of the herbal drug but also about its
toxic influences on organs and tissues. That's why the
need for more in-depth studies of herbal medicines
safety is so relevant (Krepkova et al., 2013, Anywar et
al., 2021).

In addition, the toxicity of some drugs traditionally
was considered acceptable due to the absence of their
systemic action. However, in practice such an action
often occurs. The inappropriate use of drugs also can be
a source of danger.

An example of such medicine would be a common
antiparasitic agent — Veratri Aqua (Veratrum album L.
extract). There are extremely contradictory data in the
scientific literature regarding the safety of herbal prepa-
rations from various species of the Veratrum genus
(Christov et al., 2010; Vachalkova et al., 1998). As for
Veratri Aqua, it must be noted, that a significant portion
of total patients’ population, for whom it is used, is rep-
resented by toddlers and children. Veratrum album L.
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extract, dermal application in children could be accom-
panied by transcutaneous (by intense skin scratching)
and per 0s — (by licking hands) entries into the organism.

Adults may also ingest this substance by mistake.
There are some reports on acute dietary poisoning by
Veratrum album L. (Garnier et al., 1985; Grobosch et
al., 2008). These cases of acute accidental poisoning
occurred due to the use of home-made gentian wine.
Veratrum album L. and Gentiana lutea L. often grow
next to each other in the fields, where it is easy to con-
fuse the two plants if one is not a botanist.

Using Veratrum album L. extracts as a pesticide
against the Colorado potato beetle greatly increases the
possibilities of its entry into the body (Aydin et al, 2014).

The prevailing conditions pose a potential danger of
not just local but systemic harmful effects of the Vera-
trum album L. extracts on the organism.

The aim of the study was to investigate Veratrum
album L. extract possible genotoxic effects in chromo-
somal aberration test.

Materials and methods. 1 ml of the Veratri Aqua
contains tincture (1:10) of hellebore rhizomes with
roots (veratri rhizomata cum radicibus) — 0.5 ml;
extractant: ethanol 70% (v/v), purified water. Veratri
Aqua was purchased by “Khimpharmzavod Chervona
Zirka”, Ukraine (UA/9250/01/01), cyclophosphamide
monohydrate — by Baxter Oncology Co., Germany
(Ser.41033C), colchicine — by Sigma-Aldrich Interna-
tional GMBH, Switzerland (Lot#SLBL0409V), Giemsa
stain — by Sigma-Aldrich International GMBH, Switzer-
land (Lot#SLBHO0211V).

A total of 50 Wistar albino female rats (160-180g)
were used in the study. Conditions for keeping exper-
imental animals: controlled temperature (22-24 °C),
humidity (relative) — 40-70 %, lighting — 12 h light-dark
cycle, feed — standard diet (“Phoenix” Ltd., Ukraine).
All experimental procedures were carried out accord-
ingly with the recommendations of the European Con-
vention for the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes (Galkin et
al., 2013). They were approved by the Institutional Ani-
mal Care and Use Committee. The experimental design
included the presence of five groups (10 animals in each
group): 1 — negative control (intact rats), 2 — positive
control (cyclophosphamide, 20 mg/kg b.w.), 3 — Ver-
atri Aqua maximum tolerated dose (2.9 ml/kg b.w),
4 — Veratri Aqua %2 of maximum tolerated dose (1.45 ml/
kg b.w), 5 — Veratri Aqua % of maximum tolerated dose
(0.73 ml/kg b.w). Taking into account the uncontrollable
widespread use of the Veratri Aqua for children (includ-
ing toddlers) pediculosis treatment, these doses are quite
consistent with possible human real-life exposures.
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Veratrum album L. extract and cyclophosphamide
were administered by intraperitoneal injection (one sin-
gle dose) 24 hours before euthanization. Animals were
weighed before administration of substances to ensure
that the weight of each animal was within 20% of the
mean weight (recommended by the guideline (Grobosch
et al., 2008)). Clinical signs of toxicity were determined
in all experimental animals at specified times after sub-
stances administration. A metaphase arresting agent col-
chicine (2.5 mg/kg) was administered intraperitoneally
to animals two hours before scheduled euthanization.

Bone marrow chromosome aberration test (OECD
Guideline for the Testing of Chemicals, 1997). After ani-
mals’ euthanization, we removed femurs, cut off the epi-
physes and flushed the bone marrow out with a 0.075M
KCI solution. Collected cells were incubated (37°C for
40 min). Cell suspensions were then spun in a centri-
fuge (1000 g for 5 min). The supernatant was discarded.
The bone marrow cells in the pellet were resuspended in
6 ml of ice-cold fixing solution (3:1 ethanol: glacial acetic
acid) under vigorous mixing. The mixture was left in freez-
ing camera for 40 min and then bone marrow cells were sedi-
mented by centrifugation (1000 g for 5 min). The supernatant
was discarded (Guide to short-term tests for identify muta-
genic and carcinogenic chemicals, 1989, Holstein, 1973).

For preparation of microscopic slides, we dropped
34 drops of cells’ suspension on clean ice-cold slides,
flame-dried them, and then stained with Giemsa dye dur-
ing 5 min. After these finished slides were blindly marked
and examined under a microscope using 100X oil immer-
sion objectives. Cytogenetic damage (chromosome breaks,
fragments, deletions, exchanges and disintegrations) for each
animal was scored on 100 (at least) well-spread metaphases
(Holstein, 1973). Gaps and polyploidy were recorded. Deter-
mination of the degree of cytotoxicity on bone marrow cells
was carried out by analyzing at least 100 cells for each ani-
mal for the percentage of cells in mitosis (mitotic index).

We present the experimental data as mean + standard
error. For statistical analysis of the obtained results, we
used the software STATISTICA 10 (StatSoft Inc., USA).
First, we checked the normality and homogeneity of the
distribution of the obtained data using the Shapiro-Wilk
and Levene tests (respectively) and then applied parametric
or non-parametric tests to analyze the difference between
treatments (Galkin et al., 2017; Grigorieva et al., 2019).
We performed univariate analysis of variance (ANOVA)
for normal data distribution (aneuploidy and mitotic index)
followed by Tukey's a posteriori analysis. When statistical
processing of data on chromatid and chromosomal aberra-
tions (non-parametric distribution) Kruskel-Wallis analysis
or Mann-Whitney criterion (respectively) were used. Dif-
ferences were considered statistically significant at P<0.05.
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Research results. The results of the study are pre-
sented in Table 1 and Figures 1-14. By chromosomal
aberration test in bone marrow cells of white rats the
diploid set of intact Rattus norvegicus chromosomes
was identified: 2n =42 (fig. 1).

Fig. 1. The diploid set of Rattus norvegicus
chromosomes in norm. Gimsa dye, x 1000

Control animals did not have chromosomal aberra-
tions and polyploid cells. Regarding the spontaneous
aberrations of the chromatide type, they were represented
only by gaps and breaks, and their frequency did not
exceed 1.8%, which is within the limits of the physiologi-
cal norm (Guide to short-term tests for identify mutagenic
and carcinogenic chemicals, 1989; Holstein, 1973).

Results of mutagenicity investigation of cyclophos-
phamide (positive control) in the chromosomal aberra-
tion test are shown in fig. 2 and fig. 3, as well as in table.

Fig. 2. Chromosomal aberration (break) in the
diploid set of Rattus norvegicus chromosomes with
administration of cyclophosphamide at a dose of
40 mg/kg (positive control). Gimsa dye, x 1000

Fig. 3. Chromosomal aberrations (associations) in
the diploid set of Rattus norvegicus chromosomes
with administration of cyclophosphamide at a dose
of 40 mg/kg (positive control). Gimsa dye, x 1000
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In animals with cyclophosphamide, the total frequency
of aberrant cells increased near 8-fold, which is due to
the known mutagenic action of cyclophosphamide and
this fact is evidence of adequate experimental conditions
(Guide to short-term tests for identify mutagenic and car-
cinogenic chemicals, 1989). In this case, aberrations of the
chromosomal type predominated. Their frequency was 8
times higher than chromatide aberrations. Gaps, fragments,
breaks, rings and chromosomal associations were marked.
Polyploid cells had not been detected. The percentage of
aneuploid cells increased from 3.10% in control group
up to 12.30% with cyclophosphamide with simultaneous
decreasing of mitotic index from 4.91% up to 1.88%.

The data obtained clearly demonstrate that Veratri
Aqua has a significant impact on most of the parame-
ters studied when compared to the control group. Spe-
cifically, administration of all doses of Veratri Aqua
led to a notable increase in the percentage of aneuploid
cells, ranging from 5.10% with a dosage of 0.73 ml/kg
to 6.70% with a dosage of 2.90 ml/kg. Additionally, the
mitotic index decreased in a dose-dependent manner
with Veratri Aqua treatment, dropping from 2.40% to
1.48%. The highest dosage of Veratri Aqua resulted in
a statistically significant decrease in this parameter, not

only compared to the control group but also when com-
pared to the cyclophosphamide group.

Gaps, fragments and breaks were the main types of
chromatid aberrations, while the spectrum of chromo-
somal aberrations was much wider and these changes
had dose dependent character.

With Veratri Aqua administration in the minimal
dose total number of aberrant metaphases increased in
comparison with control 9.1 times (tabl. 1, fig. 4-8).

Fig. 4. Chromosomal aberrations (breaks) in the
diploid set of Rattus norvegicus chromosomes with
administration of Veratri Aqua at a dose of
0.73 ml/kg b.w. (minimal dose). Gimsa dye, x 1000

Table 1
Results of cytogenetic analysis of rat bone marrow cells after Veratri Aqua administration
Cyclophosphamide, | Veratri Aqua, Veratri Aqua, Veratri Aqua,
Index Control | YO0 mg/kg 0.73 ml/(ll(g 1.45 ml/(ll(g 2.90 ml/(ll(g

Total number of cells in the 1000 1000 1000 1000 1000
metaphase
I:ercentage of polyploid cells 0 0 0 0 0
(%)
Aneuploidy (%) 3.10+£0.31 12.30+0.50* 5.10+0.28* 5.80+0.20* 6.70+0.15%, *%* F**
Mitotic index 4.91+0.14 1.88+0.03* 2.40+0.10* 2.04+0.11* 1.48+0.10%, #% %k
Number of structural violations per 100 metaphases
Chromatide aberrations: 1.80+0.25 2.70+0.52 1.00+0.45 0.60+0.27* 0
-gaps, % 1.40+0.27 1.30+0.26 0.30+0.15* 0.40+£0.22* 0
-fragments, % 0 0.30+0.21%* 0.30+0.15%* 0.10+0.10* 0
-breaks, % 0.40+0.16 1.10+0.35 0.40+0.22 0.10+0.10 0
Chromosome aberrations: 0 11.1+£0.73* 15.40+0.34* 19.50+0.73* # 26.00+0.80* #, ##
— gaps, % 0 1.70+0.33* 2.70+0.26%* 4.20+0.29* # 5.504+0.22% #, ##
— fragments, % 0 2.50+0.31* 3.30+0.26* 4.2040.20% # 6.10+0.28%* #, ##
-breaks, % 0 2.40+0.31%* 4.5040.22* 4.70+0.26* 5.90+0.23%* #, ##
-rings, % 0 0.90+0.18* 1.90+0.18* 1.80+0.20* 3.40+0.22% #, ##
— dicentric chromosomes, % 0 0 0 0 0.30+0.15*
-fragmentation, % 0 0 0 0.20+0.13* 0
-chromosome associations, % 0 3.20+0.25* 2.70+0.40* 4.10+0.23* #, ## 4.70+0.15* #, ##
-deletions, % 0 0.40+0.16* 0.30+0.15* 0.30+0.15* 0.50+0.17%,
Total number of aberrant 1.80+0.25 13.90+1.17* 16.40£0.37% | 20.70+0.45% # | 26.00£0.80%, #, ##
metaphases, %

* — P<0,05 compared with control group;

"~ P<0,05 compared with 0,73 ml/kg treatment by parametric tests;

*~P<0,05 compared with 0,73 ml/kg treatment by nonparametric tests;

ek

— P<0,05 compared with 1,45 ml/kg treatment by parametric tests;

# —P<0,05 compared with 1,45 ml/kg treatment by nonparametric tests
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Fig. 5. Chromosomal aberrations (gaps, breaks,
associations) in the diploid set of Rattus norvegicus
chromosomes with administration of Veratri Aqua

at a dose of 0.73 ml/kg b.w. (minimal dose).
Gimsa dye, x 1000

Fig. 6. Chromosomal aberrations (fragment (1), breaks
(2)) in the diploid set of Rattus norvegicus chromosomes
with administration of Veratri Aqua at a dose of
0.73 ml/kg b.w. (minimal dose). Gimsa dye, x 1000

Fig. 7. Chromosomal aberrations (associatations
(1), breaks (2)) in the diploid set of Rattus norvegicus
chromosomes with administration of Veratri Aqua at a
dose of 0.73 ml/kg b.w. (minimal dose). Gimsa dye, x 1000
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Fig. 8. Chromosomal aberrations (break (1),
association (2)) in the diploid set of Rattus
norvegicus chromosomes with administration of
Veratri Aqua at a dose of 0.73 ml/kg b.w. (minimal
dose). Gimsa dye, x 1000
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These aberrations were represented both by chroma-
tide (1%) and chromosomal (15.40%) ones. Most of the
changes were chromosomal breaks (4.50%) and chro-
mosomal fragments (3.30%).

The administration of Veratri Aqua at a medium dose
resulted in a reduction in the number of chromatide aber-
rations, while simultaneously increasing the number of
chromosomal aberrations and total aberrant metaphases
(table, fig. 9—11).

Fig. 9. Chromosomal aberration (association) in the
diploid set of Rattus norvegicus chromosomes with
administration of Veratri Aqua at a dose
of 1.45 ml/kg b.w. (medium dose). Gimsa dye, x 1000

Fig. 10. Chromosomal aberrations (break (1),
fragment (2)) in the diploid set of Rattus norvegicus
chromosomes with administration of Veratri Aqua
at a dose of 1.45 ml/kg b.w. (medium dose). Gimsa

dye, x 1000

Fig. 11. Chromosomal aberrations (associations) in
the diploid set of Rattus norvegicus chromosomes
with administration of Veratri Aqua at a dose of

1.45 ml/kg b.w. (medium dose). Gimsa dye, x 1000
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At this dosage level, gaps, fragments, chromosome
breaks, and their associations were predominant, while
the percentage of rings remained consistent with that
observed with the minimal dose of Veratri Aqua.

And finally, Veratri Aqua maximum dose expectedly
led to the highest number of total aberrant metaphases
(14.4 times higher the intact control level) with simul-
taneous total absence of chromatide aberrations (table,

fig. 12-14).
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Fig. 12. Chromosomal aberrations (associations (1),
breaks (2)) in the diploid set of Rattus norvegicus
chromosomes with administration of Veratri Aqua
at a dose of 2.90 ml/kg b.w. (maximal dose). Gimsa
dye, x 1000
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Fig. 13. Chromosomal aberrations (ring
chromosomes (end locus deficiency)) in the
diploid set of Rattus norvegicus chromosomes with
administration of Veratri Aqua at a dose of 2.90 ml/
kg b.w. (maximal dose). Gimsa dye, x 1000

Fig. 14. Chromosomal aberrations (dicentric
chromosome (1), chromatide break (3), association
(2), ring chromosome (4)) in the diploid set of Rattus
norvegicus chromosomes with administration of
Veratri Aqua at a dose of 2.90 ml/kg b.w. (maximal
dose). Gimsa dye, x 1000
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At this dose, fragments and breaks accounted for the
largest percentage of chromosomal aberrations. The per-
centage of rings was doubled compared with smaller doses.

Discussion. The situation with the widespread and
often uncontrolled use of herbal medicines by the popu-
lation (especially for children) remains serious not only
in developing countries but also in Europe (Grosu et al.,
2020; Klochko et al., 2023). This is largely due to histor-
ical traditions, the fact that people consider such medi-
cines to be “safer” than products of chemical synthesis,
“natural”, whose safety has been tested in practice for
hundreds of years. The situation is aggravated by the
fact that even if there is data on a modern assessment
of the safety of certain herbal preparations in adults, for
the pediatric population such information is almost com-
pletely absent, although herbal preparations are most
often used in children.

Even at the regulatory level, the situation with the
assessment of the safety of herbal preparations is chang-
ing extremely slowly. In addition to the previously men-
tioned “Directive 2004/24/EC of the European Parlia-
ment and of the Council of 31 March 2004 amending, as
regards traditional herbal medicinal products, Directive
2001/83/EC on the Community code relating to medic-
inal products for human use” (Directive 2004/24/EC)
only one document regarding safety issues of herbal
medicines has been prepared and approved in 2011 —
“Reflection paper on the necessity of initiatives to stimu-
late the conduct of clinical studies with herbal medicinal
products in the paediatric population” (European Medi-
cines Agency, 2012). And it remains current.

At the same time, there is a constant accumulation of
scientific data on various manifestations of toxicity of
long-used herbal preparations and their components. In
particular, for plants from the Veratrum genus, the pres-
ence of toxic effects on the gastrointestinal tract, cardio-
vascular system, hormonal status, as well as teratogenic-
ity was confirmed (Seale et al., 2022).

According to most researchers, such negative effects
are due to the biological activity of alkaloids cyclopa-
mine, veratramine, jervine, and muldamine whose pres-
ence has been confirmed in Veratrum spp. (Veratrum
nigrum L., Veratrum californicum, Veratrum album L.,
Veratrum viride) (Seale et al., 2022).

Our results are in full agreement with the above-men-
tioned data of other researchers. Veratri Aqua even at a
minimal dose demonstrates profound clastogenic effect
as our data clearly demonstrates. The processes of cell
division change significantly when Veratrum album L.
extract is introduced into the body, and first of all, this
results in a rise in the count of aneuploid cells and a pro-
portional increase in chromosomal aberrations, accom-
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panied by a corresponding decline in the mitotic index
as the dosage increases. The observed changes may indi-
cate a pronounced cytostatic effect of Veratri Aqua.

It should be noted, that Veratri Aqua clastogenic
effect is realized simultaneously both by suppressing cell
division processes and by disrupting the very structure
of their chromosomes. The data we obtained regarding
the dependence of the degree of increase in the percent-
age of chromosome fragments on the dose of the extract
are quite consistent with this assumption.

Perhaps it is precisely through this mechanism that
the teratogenic effect of plant alkaloids of the Veratrum
genus noted by other researchers is realized (Krepkova
et al., 2013; Christov et al., 2010; Vachalkova et al.,
1998; Garnier et al., 1985; Grobosch et al., 2008; Aydin
et al., 2014; Seale et al., 2022).

In addition to the actual genotoxic effects of alkaloids
in our experiments, one cannot ignore the genotoxicity
of ethanol, as the main solvent of the extract Veratrum
album L., the presence of which was shown by other
authors in vitro in cytokinesis blocked micronucleus
assay (Kayani et al, 2010).

Our data regarding the presence of a pronounced
clastogenic effect in Veratri Aqua is in good accord-
ance with another authors results on several alkaloids
(from Veratrum album L.) impact on the inclusion of
*H-thymidine into DNA within normal HepG2 cells
(Gebhardt, 2003). Effects in HepG2 hepatoblastoma
cells of homeopathic medicines serial dilutions (Card-
uus marianus from Silybum marianum L., Nux moschata
from Myristica fragans, Chelidonium from Chelidonium
majus L., Colocynthis from Citrullus colocynthis L., Ver-
atrum from Veratrum album L., Lycopodium from Lyco-
podium clavatum L., Houtt, and China from Cinchona
pubescens, Vahl. tinctures) were examined, either indi-
vidually or in different combinations. The statistically
significant (p < 0.01) antiproliferative impact on normal
HepG2 cells declined in the following order: Carduus
marianus, Chelidonium, Colocynthis, and Veratrum
(Gebhardt, 2003). The cytostatic effect observed with
the combination of Colocynthis and Veratrum was nota-
bly greater (22.3%) compared to when the drugs were
administered separately, although complete summation
or synergism of effects was not observed (Gebhardt,
2003). The use of this combination causes a noticeable

decrease in the number of cells. It should be noted that
this combination equally affects the proliferation and
number of cells starting from its dilutions of 1:40.

The potential tumor-inhibiting effects of six alkaloids
isolated from different parts of Veratrum album subsp.
Lobelianum, one from Veratrum nigrum, and three from
Peganum nigellastrum were investigated in experiments
conducted on multidrug-resistant human MDR1-gene-
transfected mouse lymphoma cells (L5178Y) (Ivanova
et al., 2003). This effect is apparently mediated by the
influence of these compounds on MDR1 transport activ-
ity. The capability of alkaloids to impede multidrug
resistance was assessed by quantifying the accumula-
tion of rhodamine-123 in cancer cells. Veralosinine and
veranigrine had proven to be the most effective resist-
ance modifiers. In experiments using a checkerboard
test combination of these compaunds enhanced the
antiproliferative effects of doxorubicin on MDR cells.
Experiments had revealed even some structure-activity
relationships (Ivanova et al., 2003).

Furthermore, in addition to these effects, it is evident
that Veratri Aqua steroidal alkaloids, similar to other com-
pounds of this class, have the ability to trigger apoptosis
and halt the cell cycle at the G2/M phase (Jin et al., 2018).
The primary anticipated targets of steroidal alkaloids
within cells were AKT and cyclin-dependent kinase 2
(CDK2). Another plant steroidal alkaloid, solanidine, trig-
gers the intrinsic apoptotic signal through DFF-40 nuclear
import and nucleosomal disruption (Malojirao et al., 2018).
Its cytotoxic activity was realized via induction of apopto-
sis, cell cycle blockage at S-G2/M phase, activation of Bax,
Bad and Cytochrome ¢ by Bcl-2 expression neutralization,
with simultaneous downregulation of PI3K/Akt survival
signal, caspase-3 overexpression (by this steroidal alkaloid
to cleave its substrate PARP) and nuclear import of DFF-40
promotion. The ability of steroidal alkaloids of plant origin
to stimulate apoptosis processes is also evidenced by other
researchers (Shiu et al., 2007).

Conclusion

Thus, in experiments in vivo, we have shown Ver-
atrum album L. extracts clear dose-dependent clasto-
genic effect. The results obtained indicate the urgent
need for additional assessment of herbal medicines'
side effects and, first of all, those that are approved
for use in children.
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COMPARATIVE ANATOMICAL STUDY OF QUERCUS ROBUR L. AND QUERCUS RUBRA L.
LEAVES STRUCTURE AND IDENTIFICATION OF DIAGNOSTIC FEATURES
FOR STANDARDIZATION AND QUALITY CONTROL OF MEDICINAL PLANT RAW MATERIALS

Actuality. An important stage of pharmacognostic analysis of medicinal plants is the morphological and anatomical research,
which solves the task of searching the diagnostic features for species identification, which provides guarantees when identifying the
identity and quality of medicinal plant raw materials.
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The aim of the work was 10 identify the diagnostic features of Quercus robur L. and Quercus rubra L. leaves structure on the basis
of a comparative anatomical and morphological study.

Material and methods. For anatomical studies fragments of the leaf blade 2x2 cm in size, taken from its middle part, were used. All samples
were photographed under a light microscope (SUNNY XSM-20 6,500) using a Sigeta MCMOS 5100 5.1 MP digital camera. Anatomical
linear measurements were made using Image J software (NIH, Wayne Rasband; http://rsbweb.nih.gov/ij/). The samples for morphometric
measurements were at least 25 values. Statistical processing of the measurement results was carried out in the program Statistica (Data
Analysis Software System), V.6 software; arithmetic mean (M) and standard deviation (£SD) were calculated for anatomometric indicators.

Research results. The results of the research made it possible to identify the anatomical characteristics of the leaf blade
and petiole of Q. rubra and Q. robur, which have diagnostic value and can be used to identify medicinal raw materials of these
species. It is shown that the following are of the greatest diagnostic significance: the nature of pubescence of leaves, midribs and
petioles, quantitative indicators and the nature of the distribution of crystalline inclusions in different parts of leaves, features
of the structure of the vascular system of the midrib and petiole. Most of the dimensional indicators of the anatomical structure
of the leaf plate varied in both species and cannot be used as reliable in the identification of raw materials.

Conclusion. According to the results of the current study, it was found out that the leaves of Q. rubra and Q. robur are a promising
objects for pharmacognostic study and introduction into official medicine. In this study, the qualitative and quantitative variability of
the anatomical features of the structure of the leaf plate of Q. rubra compared to Q. robur and the possibility of their use for identifying
the identity, standardization and quality control of medicinal plant raw materials were determined.

Key words: red oak, common oak, Quercus rubra, Quercus robur, leaves, anatomometric indicators, microdiagnostics of raw materials.
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Bioaiorpadiunuii onuc crarri: OmenskoBenps T., Konosanosa O., llep6akosa O., Kanicta M., I'yproBenxo .,
Hosocan K. (2024). TTopiBHsibHO-aHaTOMIYHE BHBUEHHs OymoBu jucTKiB Quercus robur L. i Quercus rubra L.
Ta BUSBJICHHS JA1arHOCTUYHUX O3HAK JJIsS CTaHJIAPTH3aIlil Ta KOHTPOJIO SKOCTI JIKapChKOi POCIMHHOT CHPOBUHHU.
®@imomepanis. Yaconuc, 3, 138—161, doi: https://doi.org/10.32782/2522-9680-2024-3-138

HOPIBHAJbHO-AHATOMIYHE BUBYEHHSI BYJTOBU JTUCTKIB QUERCUS ROBUR L.
I QUERCUS RUBRA L. TA BUSIBJIEHHSA JIATHOCTUYHUX O3HAK AJIS1 CTAHAAPTU3ALII
TA KOHTPOJIIO SKOCTI JIKAPCBKOI POCIAMHHOI CHPOBUHHA

Axmyansnicms. Badicnueum emanom papmakoeHoOCMuuH020 ananizy 1iKapcoKux pocau € MOp@hon020-anamomiuni 00C1iodceHs,
SKI BUPTUYIOMb 3a60aHHA NOWYKY OIACHOCMUYHUX O3HAK OISl 6UO060T idenmudbikayii, wo Hadae sapanmii nio 4ac yCmaHoGIeHHs.
MOMOdICHOCII Ma AKOCMI TIKAPCLKOI CUPOBUHU.

Mema oocniorncenna. YcmanogneHus gioMimuux 0iazHOCMuyHUX 03Hax Oyooeu nucmkie Quercus robur L. ma Quercus rubra L. Ha
OCHOBI NOPIBHANLHO20 AHAMOMO-MOPHON0TUHOL0 DOCTIOHCEHHS.

Mamepian i memoou. O6 ckmamu docniodxcenns Oynu spaszku aucmkie Q. rubra ma Q. robur, 3iopani 'y eéepecni 2023 p. na mepu-
mopii Hayionanvrnoeo 6omaniunoco cady imeni M. M. I'puwika. /[na anamomiyHux 00Cio#ceHb UKOPUCTNOBY8AIU pacMeHmu Tuc-
K080 nuacmunku posmipom 2 X2 cm, yzami 3 it cepednvoi uacmunu. Yci 3pasku 6ynu chomoepaghosani nio ceimaoeum MikpoCKOnom
(SUNNY XSM-20 6 500) 3a donomozoio yughposoi kamepu Sigeta MCMOS 5100 5.1 MP. Anamomiuni ninitini 6umiplosanis nposoounu
3a 0onomozoro npozpamnoeo 3abesnevenns Image J (NIH, Wayne Rasband, http://rsbweb.nih.gov/ij/). Cmamucmuuna odpodxra pesynv-
mamie eumiprosanis npogoounacs y npoepami Statistica (Data Analysis Software System), V.6 software; 0ns anamomo-mempuynux
nokasHukie oynu pospaxoeani cepeoune apugmemuune (M) ma cmanoapmue (+SD) gioxunenns.

Pezynomamu docnioscenna. Pezynomamu oocniodicenv oanu 3mo2y GUOLMUMU AHAMOMIYHI Xapakmepucmuku JucmKoeoi niac-
munku i uepewika Q. rubra ma Q. robur, axi Maom 0ia2HOCMUYHY YIHHICMb | MONCYMb 6YMU GUKOPUCTAHT 0TI i0enmuikayii iikap-
cbKoi cuposunu yux eudis. Iloxkasano, wo HaubinbuLy 0iA2HOCMUYHY 3HAYUMICIb MAIOMb: XApaKmep ONYUWEHHs TUCHIKIB, cepeoHix
JHCUNLOK [ YepeuKia, KibKICHI NOKA3HUKU Ma Xapaxmep po3nooiny KpUCAIIUHUX 6KIIOUEHb Y PISHUX YACMUHAX TUCMKIG, 0COONUBOCMI
6Y008u npogioHOT cucmemu cepeoHbol HCUKU ma yepeuwika. binvuicme poamipHux nokazHuKie aHamomiunoi 6y0o6u 1ucmrko8oi niac-
MUHKU 8aPIIOIOMb y 000X 8UOT8 I He MOJNCYMb OVMU GUKOPUCTAHT AK HAOIUHI Ni0 uac ioeHmugikayii cuposuHu.

Bucnosok. 3a pesynomamamu nposedenozo docnioxcentsa ecmanogneno, wo aucmxu Q. rubra i Q. robur € nepcnexmugnum 06 'ex-
Mmom 05l hpapMaKoZHOCMUUHO20 GUGUEHHS. A 6NPOBAOICEHHS 8 OQIYiliHY MeOuyuny. Y OaHOMy OOCHIONCEHHT 6CIMAHOBLEHO SKICHY
i KInbKICHY 8apibenvHicmb aHAMOMIYHUX 03HAK 0y00eu nucmirosoi naacmunxu Q. rubra nopienano 3 Q. robur ma modcnugicms ix
BUKOPUCMAHHS OJIAL BCMAHOGLEHHS MOMOICHOCI, NPOGEOeHHS CIMAHOApMuU3ayii i KOHMPOIO AKOCMI NIKAPCLKOI POCIUHHOT CUPOBUHU.

Knrwouosi cnosa: 0y6 uepsonuii, 0yo seuuainuii, Quercus rubra, Quercus robur, iucms, aHamomomempuyHi NOKA3HUKu, Mikpooi-

AcHOCMUKa CUpoBuUHU.

Introduction. The genus Quercus L. belongs to one
of the most widespread genera in the Northern Hemi-
sphere (Leiva & Diaz-Maqueda, 2016). Species of the
genus, due to the high content of biologically active
substances (BAS), have been used in folk and official
medicine as plants with antioxidant, anti-inflammatory,
antimicrobial, antitumor, hypoglycemic, hypocholes-
terolemic, antihypertensive pharmacological activities
(Morales, 2021). Most of the pharmacological effects
are caused by the presence and significant quantitative
content of polyphenols, in particular, tannins, flavo-
noids, hydroxycinnamic and other phenolic acids, pro-
cyanidins, as well as to a lesser extent other secondary
metabolites (organic acids, terpenoids, aliphatic alco-
hols, etc.) and primary metabolites (monosaccharides,
fatty acids, amino acids), present in all parts of the plant
(Didem Sohretoglu & Giilin Renda, 2020).

The main phenolic compounds found in the leaves
of Quercus species (Q. glauca Thunb, Q. incana Bar-
tram, Q. ilex L., Q. mongolica Fisch. ex Ledeb., Q. sali-
cina Blume, Q. petraea, Q. robur L., Q. rubra L.) are
phenolic acids, including hydroxycinnamic (gallic acid,
ellagic acid, protocatechuic acid, gentisic acid, vanillic
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acid, chlorogenic acid, caffeic acid); flavonoids (rutin,
quercetin, epicatechin, naringenin, hesperetin) (Burlacu,
Nisca, Tanase, 2020; Konovalova et al., 2023). Aliphatic
alcohols are represented by docosanol, tetracosanol,
octadecanol, pentacosanol, hexacosanol and hexade-
canol (Burlacu et al., 2020). Palmitic, stearic, oleic and
linoleic acids were identified among fatty acids of Quer-
cus species (Petrovic et al., 2004). The significant dis-
tribution of the native species Q. robur and the invasive
North American Q. rubra in the forests and plantations
of Europe provides available substantial reserves of their
raw materials, and the species themselves are promising
for comprehensive pharmacognostic research.

The official medicinal raw material of Q. robur in
the European Pharmacopoeia (2022) and the State Phar-
macopoeia of Ukraine (2014) is its bark. The bark of
Q. rubra is currently not used in official medicine and is
still poorly studied for its phytochemical composition;
however, preliminary studies confirm the potential bio-
logical effect of its phenolic components with antioxi-
dant and antimicrobial properties (Tanase et al., 2022).
The leaves of Q. robur contain a wide range of BAS.
In addition to tannins (Pérez et al., 2017), they contain
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flavonoids (Basile et al., 2000; Likhanov et al., 2019), as
well as sterols (Burlacu et al., 2020). 155 volatile sub-
stances were identified in the essential oil of Q. robur
leaves; in particular, cadinane type sesquiterpenes, which
exhibit antifungal and antibacterial properties (Engel,
1993; Plainfossé et al., 2018). Studies on the chemical
composition of the epicuticular waxes of Q. robur leaves
showed that its dominant component is tetracosanol
(it contains about 40% of the wax), which is a systemic
fungicide with a strong protective effect against patho-
gens of the vegetative organs of plants (Giilz & Miiller,
1992; Giilz et al., 1994). Aliphatic alcohols of plant
waxes can be used as emulsifiers, emollients and thick-
eners in food and personal care products; have antimicro-
bial and antitumor effects also (Volin, 2001; Hilmarsson
et al., 2007). The leaves of Q. rubra accumulate a signif-
icant amount of tannins, the content and ratio of which
can vary depending on climatic conditions, in particular,
the content of condensed tannins in green leaves ranges
from 29 to 89% of the total tannin content and 53—88%
in fallen leaves. About 69% of hydrolyzed tannins with
a predominant content of ellagotannins are found in the
green leaves of Q. rubra (collected during the first week
of September), the content of which decreases during the
growing season to 11% (in leaves collected during the
second week of October) (Top et al., 2017).

The above data on the chemical composition of the
Q. robur and Q. rubra leaves emphasize the relevance
of an in-depth and comprehensive study of the raw
materials of these species. An important stage of phar-
macognostic analysis of medicinal plants is the morpho-
logical and anatomical research, which solves the task
of researching the diagnostic features for species iden-
tification, which provides guarantees in determining the
identity and quality of medicinal raw materials.

A. Camus classified the genus Quercus s.1. mainly on
the basis of the characteristics of leaves and fruits into
two subgenera: Euquercus (Quercus s.s.) and Cyclo-
balanopsis, the latter combining species from South Asia
(Nixon, 1993).

According to modern data the genus Quercus is also
divided into 2 subgenera: Quercus (sections Lobatae,
Protobalanus, Ponticae, Virentes, Quercus) — species
with lobed leaves and Cerris (sections Cyclobalanopsis,
Cerris, Ilex) — species with toothed leaves (Denk et al.,
2017; Hipp et al., 2020). The greatest species diversity
is observed in oaks of North America and South Asia
(Denk et al., 2017; Hipp et al., 2020). Q. robur belongs
to section Quercus (=subg. Lepidobalanus, white Oaks),
which includes 146 species from North and Central
America, Mexico, Western Eurasia, East Asia, and
North Africa (Nixon & Muller 1997; Denk et al., 2017,
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Hipp et al., 2020). Q. rubra belongs to the section Loba-
tae (=subg. Erythrobalanus, red Oaks), which unites
124 species distributed in North, South and Central
America, Mexico and Colombia (Jensen, 1997; Denk
et al., 2017; Hipp et al., 2020). Both sections represent
a New World clade comprising sections Lobatae and
Quercus s.s. (Deng et al., 2013).

It is shown that in the genus Quercus, the most fre-
quently used macromorphological characters, in particu-
lar the morphology of acorns and leaves, do not always
have taxonomic value, especially when identifying
hybrids (Dupouey & Badeau, 1993; Rafii et al., 1993;
Penas et al., 1994; Schicchi et al., 2001; Rio et al., 2014).
This is due to significant variability in the structure of
fruits, and especially leaves, depending on environmen-
tal factors, time of collection, location on the tree, degree
of lightning, etc. (Jensen et al., 1993; Penas et al., 1994;
Nikoli¢ et al., 2005). Microscopic studies of species of
the genus Quercus were primarily related to the search
for diagnostic characters for the taxonomy of the genus.

The technology of scanning electron microscopy
(SEM) has opened up new opportunities for detailed
study and use in taxonomy, in particular representatives
of the genus Quercus, features of the ultrastructure of
the leaf surface, namely the nature of pubescence, the
structure of the stomatal apparatus and epicuticular wax.
Thanks to the detailing of the structure of trichomes
under SEM and the improvement of their classification,
it has become possible to use features of pubescence to
identify not only species and hybrids of Quercus, but
also subgenera and sections (Dyal, 1936; Hardin, 1976,
1979a; Thomson & Mohlenbrock, 1979; Jones, 1986;
Kim et al., 1992; Penas et al., 1994; Llamas et al., 1995;
Spellenberg & Bacon, 1996; Buck & Bidlack, 1998; Lou
& Zhou, 2001; Ishida et al., 2003; Valencia & Delgado,
2003; Scareli-Santos et al., 2007; Panahi et al., 2012;
Tschan & Denk, 2012; Deng et al., 2014; Uzunova et
al., 1997, Fortini et al., 2009). The diagnostic value of
trichome characters for the identification of Q. robur and
Q. rubra has also been shown in a number of publica-
tions (Hardin, 1976, 1979 a,b; Bacl¢, 1981; Penas et al.,
1994; Bussotti & Grossoni, 1997; Fortini et al., 2009).

A study on seasonal patterns in leaf ontogeny showed
that some of the trichomes present in young leaves are
not preserved in mature leaves (Hardin, 1979b; Kim et
al., 1992; Penas et al., 1994). Therefore, it is considered
important to supplement SEM with light microscopy
(LM), which better visualizes the bases remaining after
trichome shedding (Deng et al., 2014). It was revealed
that the development of dense leaf pubescence, which
is characteristic of Quercus species, is protective not
only against UV damage, but also against high insola-
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tion (Karabourniotis et al., 1998). According to other
data, trichomes may participate in cadmium detoxifica-
tion (Choi et al., 2001). The various characteristics of
the stomatal apparatus as diagnostic features include the
shape, size, density of the guard cells, as well as the fea-
tures of subsidiary cells were also used in the taxonomy
of the genus Quercus (Bacle¢, 1981; Gellini et al., 1992;
Ashton & Berlyn, 1994; Bussotti & Grossoni, 1997,
Lou & Zhou, 2001; Panahi et al., 2012). With the use
of SEM, these studies were supplemented by the iden-
tification of diagnostic features of deposits of epicutic-
ular waxes on the surface of leaves and especially on
stomatal cells (Bussotti & Grossoni, 1997; Uzunova &
Palamarev, 1993; Barthlott et al., 1998; Luo & Zhou,
2001; Scareli-Santos et al., 2007; Panahi et al., 2012).
Currently, it remains relevant to study the composition
and degree of development of epicuticular wax in differ-
ent environmental conditions (Simdes et al., 2020).

Another direction of numerous studies of the stoma-
tal apparatus of Quercus developed in connection with
determination of the correlation between various quan-
titative and qualitative changes with lighting conditions
(Abrams & Kubiske, 1990; Nikolic et al., 2003; Batos
et al., 2010; Daly & Gastaldo, 2010; Kryvoruchko &
Bessonova, 2018) or the influence of anthropogenic fac-
tors (Mitrovi¢ et al., 1997; Kryvoruchko & Bessonova,
2017). It is revealed, for example, that there is an inverse
relationship between the stomatal index of leaves and the
concentration of CO2 in the environment, and the leaves
of Q. robur, which are well preserved in sediments, can
be an indicator of changes in the content of CO2 in the
atmosphere during different geological epochs, in par-
ticular, its growth under the influence anthropogenic fac-
tors (Hoof et al., 2005).

A number of publications analyze the variability of
morphological and anatomical features of the leaf struc-
ture in Q. robur (Dupouey, 1983; Borazan & Babag,
2003; Nikoli¢ et al., 2005; Boratynski et al., 2008;
Kryvoruchko & Bessonova, 2017; Martins et al., 2022;
Fortini et al., 2009 ) and Q. rubra (Abrams & Kubiske,
1990; Jensen et al., 1993; Ashton & Berlyn, 1994; Nagel
et al., 1998; Kryvoruchko & Bessonova, 2017), which
allows us to find out their adaptive mechanisms to dif-
ferent growth conditions (moisture, lighting, increased
UV radiation, the influence of urbotechnogenic condi-
tions). Quercus representatives have a leaf structure that
corresponds to xerophytic species (Abrams & Kubiske,
1990). In particular, it was found out that under con-
ditions of reduced insolation and in an urbotechnog-
enogenic environment, the histological parameters of
Q. robur and Q. rubra leaves change equally towards
xeromorphism, that is, there is a thickening of the cuti-
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cle and adaxial epiderma, an increase in the thickness of
the palisade mesophyll and the density of stomata, and
an increase in the palisade coefficient (Kryvoruchko &
Bessonova, 2017, 2018).

Therefore, for the taxonomy of the genus Quercus,
the importance of particular anatomical features of the
structure of the leaves was shown and their variability in
different environmental conditions was evaluated. There
are no generalized data on clear diagnostic anatomical
features of mature leaves of Q. rubra and Q. robur in the
literature. Considering the fact that the leaves of both
species are promising for use as medicinal raw mate-
rials, comprehensive comparative anatomical studies of
these species are relevant.

The aim of the work was to identify the diagnostic
features of the structure of Quercus robur and Quercus
rubra leaves on the basis of a comparative anatomical
and morphological study.

Materials and methods of the study. The samples
of leaves of Q. rubra and Q. robur collected in Septem-
ber 2023 on the territory of the M.M. Gryshko National
Botanical Garden of the National Academy of Sciences
of Ukraine and were identified by O. Shcherbakova. The
mature leaves were collected from the middle part of the
annual growth of shoots, at a height of 2-2.5 m, under
the same conditions of sufficient lighting. For anatomical
studies fragments of the leaf blade 2x2 cm in size, taken
from its middle part, were used. Samples for anatomical
studies were fixed in 70% alcohol. The density of sto-
mata was studied using the method of replicas (prints)
(Meidner & Mansfield, 1968; Paul et al., 2017). To study
the adaxial and abaxial epiderma of leaves, their seg-
ments were first boiled to remove epicuticular wax, then
macerated, keeping in a 1:1 solution (by volume) of 10%
H,O, and 10% glacial acetic acid, heated to 60°C for
no less than 24 hours or until the epiderma begins to
separate (Deng et al., 2014; Matthew, 2022). After mac-
eration, the upper and lower epiderma were separated
with a needle and stained using a 0.1% (w/v) aqueous
solution of safranin for 1 min, washed with 70% ethanol,
then stained with 1% (w/v) aqueous Astra Blue solution
for 10 min and washed with distilled water (Kraus et al.,
1998). In the epidermal samples prepared in this way,
the shape, size of epidermal cells and stomata, the nature
of pubescence, and its density were studied using a light
microscope. Transverse sections of leaf blades, midribs,
and the medial part of petioles, which were made by
hand with a razor, were painted in the same way.Also,
for the analysis of pubescence of leaf blades, 1x1 cm
leaf fragments were bleached in 5% sodium hypochlo-
rite solution for better illumination (Hoof et al., 2005),
then observed under a light microscope. All samples

Ne 3, 2024



Bionoria. Papmauin

were photographed under a light microscope (SUNNY
XSM-20) using a Sigeta MCMOS 5100 5.1 MP digital
camera.This study uses the classification and terminol-
ogy of trichomes and their bases according to Deng et
al. (2014), taking into account the works of J. W. Hardin
(1976, 1979a, b) and J.H. Jones (1986).

Anatomical linear measurements were made using
Image J software (NIH, Wayne Rasband; http://rsbweb.
nih.gov/ij/). The samples for morphometric measure-
ments were at least 25 values. Statistical processing
of the measurement results was carried out in the pro-
gram Statistica (Data Analysis Software System), V.6
software; arithmetic mean (M) and standard deviation
(xSD) were calculated for anatomometric indicators.

Stomatal number (SN) or stomatal density (SD) was
determined as the average number of stomata per 1 mm?
of the surface area of the leaf epiderma (Evans, 2002;
Hoofetal., 2005; Xavier et al., 2015).The stomatal index
(SI) was defined as the percentage ratio of the number of
stomata to the total number of stomata and other epi-
dermal cells in the same area (SI) (%) = (S/S+E) x 100
where S and E are respectively the number of stomata
and epidermal cells per unit area (or in the field of view
of the microscope) (Evans, 2002; Hoof et al., 2005;
Xavier et al., 2015; Paul et al., 2017). Xeromorphism
index (%) = Ne+Nn / 100, where Ne is the density of
epidermal cells, pcs./mm?; Nn is the density of stomata,
units/mm? (Kryvoruchko & Bessonova, 2018). The pal-
isade coefficient was calculated as the ratio of the thick-
ness of the palisade mesophyll of the leaf to the total
thickness of the leaf and was expressed as a percentage.
A palisade index of less than 30% is considered very
low, 30 to 40% is low, 40 to 50% is medium, 50 to 60%
is high, and more than 60% is very high. The palisade
index is the most informative indicator that determines
drought resistance, the higher this indicator, the more
xeromorphic the leaf has (Kryvoruchko & Bessonova,
2017). For histochemical reactions, the following rea-
gents were used to detect: lipophilic compounds — Sudan
III (Foster, 1949); phenolic compounds — ferric chloride
2% (Johansen, 1940); lignified structures — phloroglu-
cin/HCl (Sass, 1951); starch — Lugol’s solution (Berlyn
& Miksche, 1976).

Research results and their discussion. The leaves
of Q. rubra and Q. robur are dorsiventral, hypostomous
(the stomata are located only on the abaxial epiderma)
(fig. 1: A.1, B.1; fig. 2: A.1, B.1). The upper and lower
epiderma of the leaf is covered with a continuous layer
of epicuticular wax, which in both species is epicutic-
ular wax structure type platelets (Muhammada et al.,
2020). Under SEM, numerous crystalloid plates with
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sharp fringed edges were noted on the upper and lower
surfaces of the Q. robur leaf (Prasad & Giilz, 1990). On
both the upper and lower side of the oak leaf, crystalloid
platelets with sharp fringed edges were observed.

Fig 1. Anatomical structure of the leaf epiderma of:
A. Quercus robur, B. Quercus rubra. 1. adaxial leaf
epiderma; 2. abaxial leaf epiderma;

Cr — calcium oxalate crystal; Sto — stomata.
Trichomes: ST — stellate; sST — simplified stellate;
sF — stipitate fasciculate; UN — uniseriate. Trichome
bases: BT-I — the first type, BT-II — the second type,
BT-III — the third type.

Adaxial epiderma. The epidermal cells of the
adaxial surface of the leaves of both species have
the shape of irregular quadrangles or polygons with
straight to curved anticlinal walls. The length and
width (LxXW) of epidermal cells are slightly larger in
Q. rubra (50.06+9.53%26.63+4.89) than in Q. robur
(45.19+11.07%25.07+5.12); accordingly, the density of
epidermal cells is lower in Q. rubra (1056.23+129.94)
compared to Q. robur (1152.96+124.92) (table 1). Epi-
dermal cells of both species have inclusions in the form
of simple cubic crystals and druses. From the adaxial
side, the crystal-bearing covering of large veins is clearly
visible (fig. 2: B.2a).
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Table 1

Anatomometric indicators of the Quercus robur and Quercus rubra leaf blade

Parameters Quercus robur Quercus rubra
Mean value Range limit Mean value Range limit
The thickness of the leaf plate 179.64+10.29 141.21-205.77 146.11+£6.12 121.10-198.41
) length, pm 45.19+11.07 22.15-69.36 50.06+9.53 23.62-71.99
Slfilcllzronfl;he adaxial width, pm 25.07+5.12 14.17-38.61 26.63+4.89 15.70-37.30
height without cuticle, pm 15.83+3.48 8.23-22.73 18.15+3.14 13.13-25.20
. length, pm 37.57+16.01 11.40-80.90 26.96+7.91 11.28-50.61
eclfigser‘;fl;he abaxial width, pm 22.09+6.33 10.02-43.55 12.77£3.35 6.22-20.22
height without cuticle, pm 13.01+3.93 5.00-21.15 7.48+1.51 5.44-11.92
The thickness of the cell | adaxial side 9.60+1.71 5.65-13.96 6.48+1.58 4.32-9.60
:VVftlﬁ ?lf :éigﬂgeﬂga abaxial side 5.78+1.97 3.09-12.02 5.0140.98 2.82-7.32
Palisade mesophy!ll width, pm 73.85+10.03 54.49-96.01 62.30+8.68 36.07-72.94
Cells of the upper row of | length, pm 60.37£7.42 44.14-75.84 41.61£5.99 30.77-54.05
the columnar mesophyll  [\iqth, pm 8.11+1.68 4.45-12.73 8.37+1.71 4.40-13.56
Cells of the second row | length, pm 26.18+3.31 19.53-33.84 19.85+3.92 10.95-28.00
of columnar mesophyll | width, pm 8.67+1.32 6.53-12.12 10.16+1.49 6.43-12.58
thickness, um 70.68+11.15 46.72-105.88 56.96+5.31 28.00-68.25
Spongy mesophyll length, pm 18.70+3.38 9.28-25.98 15.65+2.94 9.45-22.71
width, pm 11.23+1.94 7.28-16.08 11.70+1.97 7.16-14.78
Intercellular space length x width, pm 9.91x18.88 6.42x19.43
Columnar/spongy 1.01 1.1
length, pm 26.15+£5.51 20.41-31.31 24.75+2.24 20.35-29.61
Guard cells -
width, pm 10.16+1.39 6.89-12.92 10.18+1.02 6.85-12.62
The total width of the stomata, pm 19.71+2.14 13.50-23.98 22.85+1.56 19.92-26.56
Density of stomata, pcs./mm? 311,65+21.03 291-456 474.2+54.14 352-576
Number of epidermal adaxial side, pcs./mm? 1152,9+124.92 945-1376 1056.23+129.9 890-1305
cells abaxial side, pcs./mm? 1906.6+217.95 1648-2336 2557.4+384.57 1876-3040
Palisade coefficient 40.82 42.6
Index of xeromorphism 22.1 30.3
Elc:lrllzsity of trichomes of the abaxial epiderma, pcs./ 04+16.33 39114 144163 10-37
Basal cells of uniseriate length, pum 25.07+5.14 14.46-36.01 27.34+5.23 16.42-38.65
trichomes width, pm 13.37+1.68 10.20-18.27 13.73+£2.78 9.72-18.63
Stoma index, % 14.02 15.6

Note. Mean values were calculated for 25—-100 observations for each quantitative trait.

Based on known literature data an analysis of leaf
trichomes of Q. robur and Q. rubra were conducted, the
results are shown in table 2; and also our own research
on the types of trichomes and their bases in mature
leaves of Q. robur and Q. rubra was carried out (table 3).

Solitary trichomes were noted on the adaxial epiderma
of mature leaves in Q. robur and Q. rubra; they occur very
rarely; as non-glandular, single-celled, long, appressed.
They are more characteristic of young leaves of both spe-
cies, in mature ones they fall off, they can rarely occur
mainly on the main vein; more often, the upper surface of
the leaves of both species is bare (Hardin, 1976, 1979 a,b;
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Penas et al., 1994; Nikolic et al., 2003) (table 2, 3). For
mature leaves, uniseriate trichomes were noted only in
Q. rubra (fig. 1: B.1); appeared scattered; thick-walled with
destroyed upper part, 1-2 basal cells often remained at the
base. They belong to trichomes of the glandular type (Dyal,
1936). They were also noted for the upper epiderma of
mainly young leaves of Q. robur (Penas et al., 1994; Fortini
et al., 2009; Rio et al., 2014) (table 2, 3). In addition to the
considered solitary and uniseriate trichomes, for the adax-
ial epiderma of mainly young leaves of Q. robur, stellate
trichomes are also indicated, and for Q. rubra — multiradi-
ale, fasciculate, bulbous, rosulate (table 2).
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Fig 2. Anatomical structure of the leaf blade of:
A. Quercus robur and B. Quercus rubra. 1. Cross
sections of the leaf (a — adaxial side, b — abaxial
side); 2. Frontal view of the leaf rib (a — adaxial side,
b — abaxial side).Ad — adaxial side, Ab — abaxial
side; Pp — palisade parenchyma; Sp — spongy
parenchyma; Cr — calcium oxalate crystal;

Sto — stomata

On the adaxial epiderma of mature leaves of Q. rubra
and Q. robur, the bases of trichomes were found, among
which several types can be distinguished, differing in the
number and size of cells, the degree of cutinization of
their walls. The bases of type I trichomes (fig. 1: A.2,
B.1) have weakly cutinized intercalary walls (the base
of the trichome was transparent or translucent when
observed in SEM); anticlinal walls may not be thickened
or cutinized (in the form of a rim from the edges of the
base of the trichome); the cell walls of the epidermal
cells adjacent to the base of the trichome can also be
cutinized. The bases of trichomes of this type were radi-
ally surrounded by unmodified or modified (differing
in smaller size and shape) epidermal cells. Type I bases
correspond to unicellular bases of thin-walled trichomes
(for example, uniseriate) according to Deng et al. (2014).
The bases of type II trichomes (fig. 1: B.1) are charac-
terized by markedly cutinized anticlinal and interclinal
cell walls (the base is in the form of a dense, raised disc,
does not shine through in SEM, is stained with Sudan III
(Baci¢ & Milici¢, 1985), safranin (Deng et al., 2014));
surrounded by smaller epidermal cells; correspond to
single-cell bases of thick-walled trichomes (solitary,
appressed laterally attached, simplified stellate, fascicu-
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late) according to Deng et al. (2014). The bases of type
I trichomes (fig. 1: B.2) were formed by collenchyma
cells with crystalline inclusions; the base of the trichome
was slightly above the epidermal cells (a pedestal struc-
ture) and due to cutinization had a darker color compared
to the surrounding epidermal cells; corresponding to the
multicellular bases of thick-walled trichomes (stellate,
stipitate fasciculate, rosulate) (Deng et al., 2014).

In the adaxial epiderma of mature leaves of
Q. rubra, the bases of trichomes were more abun-
dant than in Q. robur; in both species, the bases of the
trichomes were localized mainly along the veins and in
their corners. In Q. robur, single-cell bases of trichomes
of type I were rarely diagnosed; in Q. rubra trichome
bases of all three types were present, but type II bases
were more abundant (table 3).

Abaxial epiderma. The anticlinal walls of the epider-
mal cells of the abaxial leaf varied from straight, curved
to slightly undulating in Q. robur and from undulating,
sinuous, and deeply sinuous in Q. rubra (Figure 1: A.2,
B.2). The epidermal cells of the upper and lower epiderma
in Q. robur were similar in shape. The cells of the abaxial
epiderma of Q. rubra were irregularly shaped. Epidermal
cells of both species were prosenchymal along the veins.
The length and width of epidermal cells were greater in
Q. robur (37.57+16.01x22.09+6.33) than in Q. rubra
(26.96+7.91x12.7743.35); accordingly, the density of
epidermal cells is lower in Q. robur (1906.63+217.95)
compared to Q. rubra (2557.4+£384.57) (table 1). On the
abaxial side, around the veins in both species, a crys-
tal-bearing cover was noticed (fig. 2: B.2b). Stomatal
subsidiary cells were 5-6(7) in Q. robur, 5-7(8) — in
Q. rubra; in Q. robur they did not differ from epider-
mal cells; in Q. rubra the anticlinal walls varied from
straight to slightly wavy (fig. 1: A.2, B.2).

The stomata of both species were elliptical, raised
above the surface of the epiderma, the size of the sto-
mata in Q. robur — 26.15+5.51x19.71£2.14 um (LxW)
and in Q. rubra — 24.75+2.24x22.85+1.56 um; sto-
mata density in Q. robur was 311.65+ 21.03/mm? in
Q. rubra — 474.24+54.14/mm? (table 1). The average sto-
matal density of Q. robur determined in this study was
311.65+21.03 (varied from 291 to 456) (table 1); literary
information about this indicator varies quite a lot (Mitrovié
etal., 1997; Uzunovaetal., 1997; Sha Valli Khan et al., 1999;
Kryvoruchko & Bessonova, 2018; Nikolic et al., 2003;
Batos etal., 2010; Yiicedag et al., 2019), the smallest values
are 133.7-148.5/mm? (Mitrovi¢ et al., 1997), the largest val-
ues are 530-791 (Nikoli¢ et al., 2005) and 826/mm? (Yiice-
dag et al., 2019). The average density of Q. rubra stomata
was 474.2+£54.14 (varied from 352 to 576) (table 1), this
indicator was slightly higher than that of Q. robur; accord-
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Table 2
Leaf trichome types of Quercus robur and Quercus
rubra (according to the literature)

Types of trichomes according to Deng et al.
(2014)

ST,sST| F,sF | SOL | UN | CA | RO
Quercus robur
Dyal, 1936 0/0
Gellini et al.,
1992;
Bussotti &
Grossoni,
1997
Engel, 1993 -+
Penas et al.,
1994
Uzunova et
al., 1997
Bacl¢, 1981;
Bacic¢,
Milicié,
1985;
Fortini et al.,
2009
Nikolic et al.,
2003, 2006
Mehrnia et
al., 2013
Rio et al.,
2014
Jankiewicz
etal., 2017, +
2021

Autors

?2/+

+ /4

?/+

+/+

+/+ -+ -+

++

1+

Quercus rubra
2/+

Dyal, 1936
Penas et al.,
1994
Hardin, 1976,
1979 a,b
Kryvoruchko
&
Bessonova,
2017

Note. Trichome types: ST —stellate; sST —simplified stellate;
F — fasciculate: sF —stipitate fasciculate; SOL — solitary; UN —un-
iseriate; CA — capitate; RO —rosulate. Adaxial / abaxial epiderma:
+ — trichomes presented in both young and mature leaves; +’ —
trichomes presented in young leaves, in mature leaves they most-
ly fall off, occur occasionally; 0 — trichomes presented in young
leaves and in mature leaves, they fall off completely; ? 0— no in-
formation; — — trichomes are absent.

+/+ | +° /4

0,+/+ | 0/+ |0,+/+ 0/+

ing to literature data (Phelps, 1976; Kramer & Kozlowski,
1979; Ashton & Berlyn, 1994; Yiotis et al. 2006; Gil et
al., 2012; Fiorin, 2013; Kryvoruchko & Bessonova, 2017,
2018) varies from 281/mm? (Fiorin, 2013) to 583—-695/mm?
(Ashton & Berlyn, 1994). A higher stomatal index value in
Q. rubra leaves compared to Q. robur is associated with a
higher density of epidermal cells and stomata (table 1).
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The most numerous trichomes of the lower epiderma
of Q. robur and Q. rubra mature leaves are uniseriate,
which are evenly distributed over the entire surface of
the leaf blade and on the veins. Uniseriate trichomes in
Q. rubra are mostly single, rarely combined into bundles of
2 trichomes; but often combined into bundles of 2 and really
3 in Q. robur trichomes (fig 1: A.2, B.2). The density of
uniseriate trichomes was greater in Q. robur. Trichomes of
this type in both species were 3—5-celled, thin-walled, with
an enlarged basal cell; distal cells are smaller than basal
cells. After weakening of the secretory function, the distal
cells of uniseriate trichomes became smaller, deformed or
broken off. The basal cell diameter was the same in both
species (13.37+1.68 in Q. robur; 13.73+2.78 in Q. rubra)
(table 1). Solitary trichomes are non-glandular, unicellu-
lar, and are characteristic mainly of the lower epidermis of
Q. robur and Q. rubra young leaves (table 2); in mature
leaves of both species occur very rarely, along the veins. In
Q. robur the trichomes were straight; in Q. rubra — straight
or wavy according to Hardin (1976).

Fig. 3. Anatomical structure of the leaf midrib and
petiole of: A. Q. rubra, B. Quercus robur. 1. midrib;
2. dark blue colour of amyloplasts in reaction with
Lugol’s solution; 3. orange-red coloration of the
cuticle in reaction with Sudan III; 4. black coloring
of phenolic compounds of the middle vein (a) and
petiole (b) in the reaction with iron (III) chloride; 5.
petiole in the medial part. I. Staining Phloroglucinol/
HCI; I1. Staining Safranin/Astra Blue.

Ad — adaxial side, Ab — abaxial side; Ep — epiderma,
Co — collenchyma, Pa — parenchyma, Fi — bundle-
sheath of sclerenchyma fibres, Ph — phloem,

X — xylem, mX — metaxylem; pX — protoxylem;
Pc — procambium; Am — amyloplast; Tr — trichomes
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Simplified stellate trichomes of Q. robur were
located mainly along large veins and in their corners,
occured much less often than uniseriate ones; consisted
of 2-4(6) rays (3—4-cell hairs), which grew at the base
at the same level; the shoulders of the rays were located
parallel to the surface of the leaf; average shoulder length
110.99+28.04; base of type II trichomes (fig. 1: A.2). In
mature leaves of Q. rubra along the midvein, near and
in the axils of the lateral veins, stellate trichomes (mul-
tiradiale according to Hardin (1979b, fig. 32) very rarely
occur (fig. 1: B.2). They differ from simplified stellatet-
richomes by a larger number of rays (in Q. rubra — 6-8),
which emerge from different levels (Hardin, 1976);
trichome bases — type III (complex, according to Deng
et al. (2014); in Q. rubra with a shoulder length of
134.78+14.64.

In mature leaves of Q. rubra, stipitate fasciculate
trichomes occasionally occurred only in the axils of lat-
eral veins that depart from the midvein. Trichomes of this
type are thick-walled, with 6-8 rays; 289.24+42.44 long
(fig. 1: B.2); trichome base — type III. In Q. robur, the
researchers also found stipitate fasciculate trichomes
(fig. 4.C; Jankiewicz et al., 2021). Capitate trichomes
were very rare in the lower epiderma of mature leaves of
Q. robur. These trichomes with a short, uniseriate stalk
and a prominent, expanded unicellular head; belong to
non-glandular trichomes (Hardin, 1976, 1979 a,b; Jones,
1986; Deng, 2014). In the literature, there were also
references to these trichomes in the leaves of Q. robur
(Gellini et al., 1992; Bussotti & Grossoni, 1997) and
Q. rubra (Hardin, 1976, 1979 a,b); these trichomes were
not detected in Q. rubra. Rosulate trichomes were given
according to the literature mainly for young leaves of
Q. rubra, which were located singly, mostly on the veins;
these trichomes were very few in adult leaves (Penas
et al., 1994). Rosulate trichomes are similar to stellate
trichomes, but have thin-walled multicellular hairs that
merge at the base; classified as glandular (Hardin, 1976)
or intermediate types of trichomes (combining char-
acteristics of glandular and non-glandular trichomes)
(Jones, 1986). In the abaxial epiderma of adult leaves,
trichomes of all three types were rarely observed in
Q. robur and more often in Q. rubra, especially type III
trichomes (table 3).

Anatomy of a cross section of a leaf blade. The
material of this section was analyzed taking into account
the information given in the literature regarding the ana-
tomical structure of the cross-section of the leaf blade of
Q. robur (Nikoli¢ et al., 2005; Rio et al., 2014; Martins
et al., 2022) and Q. rubra (Abrams & Kubiske, 1990;
Ashton & Berlyn, 1994; Rio et al., 2014; Jankiewicz et
al., 2017; Kryvoruchko & Bessonova, 2017, 2018). The
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Table 3
Types of trichomes and their bases of mature leaves
of Quercus robur and Quercus rubra (according to
the results of current research)

. Types of
Species Trichomes trich}(;Ir)ne bases
sST |ST| sF [SOL| UN [CA[ 1| 11 | 1
Adaxial epiderma
Q. robur + +
Q. rubra + | ++ + |+ |+
Abaxial epiderma
Q. robur | ++ + A+ ]+ +
Q. rubra + | + + |+ + | + ++

Note. Explanation of trichome types as in table. 2. + very rare,
solitary trichomes; ++ scattered; +++ frequently
leaf blade was thicker in Q. robur (180.64+10.29 pm),
thinner in Q. rubra (136.11+6.12 um) (table 1). On the
adaxial and abaxial sides, the leaves of Q. robur and
Q. rubra were covered with cuticle, which is thicker on
both sides in Q. robur (table 1). The thickness of the
cuticle of the studied species is slightly higher or varies
within the parameters given by other authors (Ashton &
Berlyn, 1994; Uzunova et al., 1997; Nikoli¢ et al., 2005;
Kryvoruchko & Bessonova, 2018). In the histochemi-
cal test with Sudan 111, the cuticle acquired a pink color,
indicating the presence of lipoids (cuticular wax). In a
transverse section of each leaf, the adaxial and abaxial
epiderma of both species consisted of a single layer of
cells; adaxial epiderma with greater cell thickness than
abaxial. The thickness of cells of the adaxial epiderma
was greater in Q. rubra (18.1543.14 um) than in Q. robur
(15.834£3.48 pm); the thickness of cells of the abax-
ial epiderma, on the contrary, was greater in Q. robur
(13.01£3.93 wm) compared to Q. rubra (7.48+1.51 pm).
Calcium oxalate crystals were found mainly in the cells
of the upper epiderma.

Leaves of Q. robur and Q. rubra with meso-
phyll clearly differentiated into palisade and spongy
(fig. 2: A.1, B.1). Palisade parenchyma with one or two
layers of cells in both species. In the two-layered pali-
sade parenchyma of both species, the layer adjacent to
the adaxial epidermis had densely arranged prosenchy-
mal cells, without noticeable air intercellular spaces;
cells of the next layer were shorter and with more inter-
cellular spaces.

The palisade mesophyll was located under the adax-
ial epiderma and thicker in Q. robur (73.85+10.03 pum)
than in Q. rubra (62.30+8.68 um). The cells adjacent
to the epidermal cells were oblong; the ratio of length
to width was greater in the cells of the palisade mes-
ophyll in the leaves of Q. robur (the elongation factor
reaches 5.95-8.07 in Q. robur and 4.15-6.9 in Q. rubra),
they were densely arranged, there was almost no space
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between them. The cells of the inner layer of the palisade
mesophyll were shorter (the elongation factor reached
2.9-2.79 in Q. robur and 1.7-2.22 in Q. rubra), and are
more loosely arranged. According to histochemical reac-
tions with iron (III) chloride, phenolic compounds were
detected mainly in the palisade mesophyll; reaction with
Lugol’s solution revealed the presence of starch grains in
palisade and spongy mesophyll cells. The spongy mes-
ophyll of the Q. robur and Q. rubra leaves was formed
by loosely placed rounded or isodiametric, cylindrical or
irregularly shaped cells, the sizes of which were slightly
larger in Q. robur (Table 1), arranged in 3—4 layers,
with pronounced intercellular spaces; the cell elonga-
tion factor in Q. robur was 1.27-1.67 and in Q. rubra —
1.31-1.53. Druses and prismatic crystals in the spongy
mesophyll of Q. rubra leaves were more abundant than
in Q. robur (fig.2: A.1, B.1). The ratio of the thickness
of the palisade and spongy mesophyll in the Q. robur
and Q. rubra leaves was about 1:1. The palisade ratio of
Q. robur leaves was 40.82%; Q. rubra — 42.6%. The
difference between the species may appear mainly as a
result of a thicker layer of palisade parenchyma due to
an additional second layer of cells (Shahbaz et al., 2015).

Anatomy of the middle vein. On the cross-sec-
tion of the leaf, the midvein of Q. robur and Q. rubra
were rounded in outline; more convex on the abaxial
side, conical on the adaxial side (fig. 3: A.1, B.1); aver-
age indicators (HxW) were slightly higher in Q. rubra
(1112.22%1059.49) (table 4). The middle veins of the
leaves were covered with one layer of epiderma with
small cubic-oval cells, with a developed cuticle, con-
taining crystalline inclusions. Epidermal cells had larger
average values of width in Q. rubra (13.39+4.94), and
somewhat larger values of height in Q. robur (8.42+1.78)
(table 4). In Q. robur, stellate trichomes were often vis-
ible on the abaxial side in the corners between the vein
and the leaf blade (fig. 3: B.1); in Q. rubra, complex
stellate and fasciculate trichomes rarely occured.

The central conducting bundle was surrounded by a
shealth consisting of collenchyma and parenchyma of the
primary cortex (fig. 3: A.1, B.1). In both species, the collen-
chyma was located under the epiderma, on the adaxial side
with 3—4 layers of cells, on the abaxial side —4-8; in shape,
the cells were round, oval, square or irregular in shape;
larger on the abaxial side. Calcium oxalate crystals occur
in collenchyma cells. The thickness of the collenchyma
on both sides was greater in Q. rubra, but the diameter of
the cells and the thickness of their walls were greater in
Q. robur. Both species had 5-8 layers of storage paren-
chyma under the collenchyma; cells were devoid of chlo-
roplasts, mostly round in shape; cell sizes were larger on
the abaxial side, and somewhat larger in Q. rubra (table 4).
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The total thickness of the primary cortex layer was
larger on the abaxial side and reached a higher average
value in Q. rubra (217.32+42.36), compared to Q. robur
(135.50+40.43). Calcium oxalate crystals were scattered
throughout the parenchyma of the primary cortex, but the
largest number of them was localized in the cells of the
inner layers of the parenchymal lining, which were adja-
cent to the sclerenchyma. Crystals are large, occupy most
of'the cell, mostly in the form of druses, prismatic crystals
are rare (mainly in Q. rubra) (fig. 3: A.1). The parenchyma
of Q. rubra is characterized by a greater number of crys-
talline inclusions. The vascular system of the middle vein
was surrounded by a dense ring of sclerenchyma (pericy-
clic fibers), which separatds the parenchyma of the pri-
mary cortex from the phloem (fig. 3: A.1, B.1). The thick-
ness of the ring of the sclerenchyma coverage was greater
in Q. rubra (67.77+16.58), its thickness is often the same
on both sides; in Q. robur, the sclerenchyma lining was
thinner (46.79+£21.36) and usually more developed on the
adaxial side; fibers were arranged in 3—8 rows, their diam-
eter and cell wall thickness did not differ significantly in
both species. The sclerenchyma ring was almost straight
on the adaxial side; distinctly convex on the abaxial side.
Crystalline inclusions occasionally appear in the scleren-
chyma of both species.

There are three blocks in the structure of the vascu-
lar system (fig. 3: A.1, B.1). Adaxial and abaxial blocks
consist of primary conducting tissues; the central one —
from the secondary ones. The adaxial vascular block is
convex, consists of phloem layers (adjacent to the scler-
enchyma ring), and in the middle is the procambium,
then the primary xylem, which has differentiated metax-
ylem and protoxylem (fig.3: A.1). The central and abax-
ial blocks of conducting tissues consist of protoxylem,
differentiated metaxylem, cambial/procambial cells,
and phloem. The abaxial block of conducting tissues is
arched and separated from the central block by 5-8 lay-
ers of storage parenchyma with crystalline inclusions.
Between the adaxial and central blocks of conductive
tissues in Q. rubra there are 3—5 layers of storage paren-
chyma; in Q. robur, the xylems of the central and adaxial
sides are in contact.

The average thickness of the phloem layers of
Q. robur (50.16+14.56) and Q. rubra (50.89+9.18)
did not differ significantly; also, the phloem thick-
ness of both species was almost the same in the adax-
ial and abaxial vascular blocks and somewhat thinner
in the central one. The average xylem thickness in
Q. rubra (124.21427.24) was greater than in Q. robur
(88.55+18.61); the average vessel diameter is also
somewhat larger in Q. rubra (29.89+6.32), compared
to Q. robur (23.06+6.25). In terms of size, the paren-
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Table 4
Anatomometric indicators of the Quercus robur and Quercus rubra middle vein and medial part of petiole
Middle vein Petiole
Parameters
Q. robur Q. rubra Q. robur Q. rubra
height, pm 849.19+44.38 1112.22+82.07 1143.02+195.39 1392.07+155.61
Diameter of cross ’ 765.02-1137.1 955.99-1483.84 874.72-2187.93 1056.21-1855.32
sections width. um 863.18459.10 1059.49+98.17 1238.28+148.87 1281.17+115.28
s 781.36-1210.4 968.17-1384.57 713.82-1898.15 997.89-1757.70
widih, jm 8.97+2.21 13.39+4.94 11.08+2.18 14.68+3.80
. ’ 2.22-15.22 7.54-21.75 8.57-19.05 8.52-23.74
Epidermal cells - -
height without 8.42+1.78 5.81-1.01 10.88+1.58 8.63+1.97
cuticle, pm 5.89-11.55 4.50-7.33 8.48—-14.34 5.92-13.27
The thickness of the outer cell wall of 8.25+1.19 6.00+1.51 8.52+2.04 7.85+1.78
the epiderma with the cuticle, pm 4.82-11.37 4.29-9.43 4.62-11.62 4.05-10.97
. from the 117.36+£23.77 165.54+26.77 174.204+51.15 173.97+£39.37
The thl‘"*knftss °1f the | 2 daxial side 69.04-212.74 81.29-249.25 106.89-310.97 88.87-278.74
o EOTEEER T rom the 135.50+40.43 217.32+42.36 198.2176.73 204474040
abaxial side 82.39-235.83 118.68-297.66 172.64-341.98 114.73-313.02
. from the 44.90+8.73 68.17+19.58 100.51+31.89 74.23£19.68
Thet ““c"ﬁ‘essl:’f the |, daxial side 29.37-60.53 36.01-103.36 81.28-178.73 46.01-113.96
f;’;e‘r’,";rfl ROV Mrom the 37341986 48.07+10.56 97.90:19.92 50.07£10.56
abaxial side 24.38-52.22 31.05-77.50 72.47-170.80 31.05-79.50
. 3.43+0.85 2.05+0.49 3,5+0.42 3.06+0.74
Collenchyma cell wall thickness, ym 1.52-5.68 1.29-2.78 2.16-6.48 1.61-4.26
from the 18.41+6.31 11.46+2.729 20.95+7.47 13.944+2.90
Diameter of adaxial side 8.09-29.98 7.29-16.32 9.80-37.17 9.29-20.63
collenchyma cells, um | from the 19.37+6.40 17.88+4.44 26.82+7.09 22.53+5.00
abaxial side 7.76-34.65 9.03-26.47 13.47-45.16 12.81-32.88
from the 15.29+5.93 17.4443.69 16.27+£2.17 16.28+3.54
Diameter of adacxial side 8.49-17.26 8.87-28.81 6.18-18.57 7.32-29.47
parenchyma cells, pm | from the 25.27+7.88 38.50+8.63 30.95-9.53 31.51+9.40
abaxial side 10.10-46.57 11.63-81.19 12.83-61.69 10.44-65.48
The thickness of the sclerenchyma 46.79+£21.36 67.77+16.58 56.52+23.11 98.97+19.94
shealth, um 30.14-102.67 30.17-119.27 32.39-112.97 39.30-122.03
Diameter of sclerenchymal fibers, pm 13.87+£5.02 13.26+t4.56 16.80+£5.23 16.50+£7.60
’ 3.74-26.53 5.75-27.52 7.13-36.90 3.70-38.97
The thickness of the walls of 2.11+0.49 2.81+0.80 3.57+0.57 3.58+0.79
sclerenchyma shealth, pm 0.85-3.22 0.88-4.19 1.71-5.74 1.84-6.55
Phloem thickness, pm 50.16=14.56 50.8949.18 61.96+14.71 60.07£19.42
’ 30.76-84.65 32.23-78.47 30.46-91.40 24.56-107.86
Xylem thickness, pm 88.55+18.61 124.214£27.24 124.38+28.02 126.09+30.24
> 53.76-109.19 74.52-204.45 71.11-201.42 75.21-205.15
Vessel diameter, pm 23.06+6.25 29.89+6.32 24.55+6.58 31.72+7.61
’ 10.77-35.00 10.21-50.10 7.54-36.22 17.55-56.23
Diameter of core parenchymal cells, um 15.83+5.74 19.49+9.43 17.27+6.44 20.12+7.79
’ 4.59-31.37 7.12-39.50 5.10-45.89 8.79-46.78
Diameter of crystals in the parenchyma 18.78+6.09 23.7148.78 26.48+7.97 28.58+8.11
of the primary cortex, um 8.57-32.00 10.79-44.27 9.49-45.94 10.11-46.63
Diameter of crystals in the pith, pm 14.68+3.80 17.08+6.73 15.33+3.24 17.28+4.14
> 8.37-21.01 5.69-33.50 10.38-27.37 7.77-36.83

Note. Mean values were calculated for 25-100 observations for each quantitative trait

chymal cells of the pith and their crystalline inclu-
sions were somewhat larger in Q. rubra (table 4).
After the histochemical reaction with phloroglucin/
HCI, collenchyma of the primary cortex, sclerenchyma
and xylem acquired a crimson-red color, indicating
their lignification (fig 3: A.1(I), B.1(I)). Histochemi-
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cal reaction with Sudan III gave an orange-red color
of the cuticle of the epiderma (presence of cuticular
wax) (fig. 3: A.3). Using Lugol’s solution, amyloplasts
were detected in the parenchyma of the primary
cortex and the conducting system (Figure 3: A.2).
The reaction with iron (III) chloride showed the high-
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est concentration of phenolic compounds in the mid-
dle vein in the phloem parenchyma (fig. 3: A.4a).
Petiolar anatomy. In a cross-section, the medial
(middle) part of the Q. rubra petioles was rounded, con-
vex on the adaxial and abaxial sides, without ribs; peti-
ole of Q. robur is rounded in outline and slightly com-
pressed from adaxial to abaxial sides; on the adaxial side,
straight or slightly convex, also here the ribs became
visible in the view of small rounded-triangular protru-
sions; from the abaxial side, the petiole was rounded
(fig. 3: A.5, B.5). The average values of petiole height
were slightly larger than width (1392.07x1281.17) in
Q. rubra; and on the contrary, petioles were larger in
width (1143.02x1238.28) in Q. robur (table 4; fig. 3: A.5,
B.5). The epiderma of petioles is single-layered, consists
of cubic-oval cells and was covered with a thick cuticle.
The average values of epidermal cell width were greater
in Q. rubra (14.68+3.80), and they were greater in height
in Q. robur (10.88+1.58) (table 4). Solitary and fascicu-
late trichomes were observed on petioles of both species,
mainly on the adaxial side in the upper surface groove.
The primary cortex was under the epiderma, its
thickness was almost the same in the two species; it was
more developed on the abaxial side. The outer layer of
the bark was represented by collenchyma, mainly with
round-oval or square cells. Collenchyma may include
5 to 12 rows of cells in Q. rubra and 4 to 8 rows in
Q. robur; it reaches its greatest thickness in the ribs, on
the abaxial and adaxial sides. In the petioles of Q. robur,
especially on the adaxial side, the thickness of the col-
lenchyma layer, the size of the cells, and the thickness of
their membranes are greater than those of Q. rubra. The
parenchyma of the primary cortex is located between the
collenchyma and the mechanical shealth of the vascular
system, had more cell layers in Q. rubra — 815 than
in Q. robur — 6-12. Cells of rounded, oval or irregu-
lar shape, in size in both species are almost the same;
the largest cells were concentrated on the abaxial side
near the shealth of the mechanical tissue. Scattered cal-
cium oxalate crystals were visualized in the tissues of
the primary cortex, they reach the highest concentration
in the inner layers of the parenchyma around the ring
of the mechanical shealth of the conducting system, and
are also accumulated in the parenchyma on the adaxial
side (Fig. 3: A.5, B.5). A significant number of crystal-
line inclusions were present in petiole sections of both
species; their average diameter was larger in Q. rubra
(28.58+8.11) than in Q. robur (26.48+7.97) (table 4).
The structure of the vascular system of petioles in the
medial part of Q. rubra differed in the complete fusion
of vascular bundles in the adaxial and abaxial blocks
and complete or partial fusion in the central blocks; in
Q. robur bundles the adaxial and abaxial blocks merged
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completely or partially, the central block of secondary
vascular bundles was visualized (fig. 3: A.5, B.5). The
xylem of the central block of the vascular bundles of
Q.rubra was clearly separated by parenchymal tissue
from the xylem of the adaxial block, the vascular bun-
dles of the central and adaxial blocks were in contact
in Q. robur (fig. 3: A.5, B.5). The shealth of scleren-
chymal fibers around vascular system was thicker in
Q. rubra — 98.97+£19.94 (in Q. robur (56.52+23.11)
(table 4). The shealth consists of 6-10 dense layers of
sclerenchyma fibers, which in cross-section are round,
oval, triangular, rhombic or irregular in shape. The diam-
eter and thickness of the cell wall of fibers of both types
were almost the same. The average values of the phloem
layer thickness did not differ significantly in Q. rubra
(60.07+19.42) and Q. robur (61.96+14.71). Phloem ele-
ments are with thin walls; in shape from rounded, oval,
triangular, rhombic to irregular. The average thickness
of the xylem in Q. rubra (126.09+30.24) was slightly
greater than in Q. robur (124.38+28.02); the average
vessel diameter was also larger in Q. rubra (31.72+7.61),
compared to Q. robur (24.55+6.58) (table 4). The aver-
age values of the diameters of the pith parenchymal
cells were slightly larger in Q. rubra (20.12+7.79),
and they also contained larger crystalline inclusions
(17.28+4.14) (Table 4).

In the histochemical reaction with phloroglucin/HCI,
collenchyma of the primary cortex, sclerenchyma, and
xylem acquired crimson-red color in all cross-sections
of petioles of both species, indicating their lignification.
Cuticles of the epiderma in all cross-sections of petioles
of both species acquired an orange-red color (cuticu-
lar wax) in the histochemical reaction with Sudan III.
According to the histochemical reaction with iron (III)
chloride, the highest concentration of phenolic com-
pounds was identified in the xylem and phloem paren-
chyma of the petiole (fig. 3: A.4b). Amyloplasts were
detected by reaction with Lugol’s solution in the paren-
chyma of the primary cortex, especially in the inner lay-
ers adjacent to the shealth of mechanical tissues, cells of
the parenchyma of the pith and pith rays.

The leaves of Q. rubra and Q. robur are a promis-
ing object for pharmacognostic study and introduction
into official medicine. In this study, it was important
to identify the qualitative and quantitative variability
of the anatomical features of the leaf blade structure
of Q. rubra in comparison with Q. robur and to evalu-
ate the possibility of their use for determination of the
identity, standardization and quality control of medic-
inal plant raw materials. Anatomical features of the
structure of leaves, such as: type of pubescence, con-
tour of the cell wall of the epiderma, shape and den-
sity of stomata, structure of secondary cells, presence
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of adaxial collenchyma, etc. are the most informative
for identification of taxa (Zhou et al., 1995).

The epidermal cells of the adaxial surface of the
leaves of both species had a similar shape of quad-
rangles or polygons with straight or curved anticlinal
walls. The cells of the abaxial epidermis of Q. rubra
varied in the character of the anticlinal walls from
straight, curved to weakly undulating in Q. robur
and from undulating, sinuous, and deeply sinuous in
Q. rubra. The sizes of adaxial epidermal cells were
slightly larger in Q. rubra, which correlates with their
lower density. Abaxial epidermal cells awee larger
and less dense in Q. robur. The abaxial epidermal
layer was thicker in Q. robur; the adaxial — thicker
in Q. rubra. The cuticular layer was more developed
in Q. robur leaves; on the adaxial side of the leaves
of both species, the cuticle was somewhat thicker.
The thickness of the cuticle of Quercus species varies
depending on the habitat conditions, in particular, it
decreases under conditions of lack of light (Baham-
onde et al., 2018; Kryvoruchko & Bessonova, 2018),
or increases in leaves collected from trees of polluted
habitats (Kryvoruchko & Bessonova, 2017).

A general pattern of pubescence in mature leaves
of Q. robur and Q. rubra, as in other Quercus spe-
cies (Hardin, 1979a), is a greater density of it and a
greater variety of trichomes on the abaxial side com-
pared to the adaxial side. Trichomes are important
for species identification in genus Quercus; particu-
lar types of trichomes are characteristic of subgenera
and sections. Q. robur is a representative of section
Quercus (= subg. Lepidobalanus, white oaks) for
which species the stellate trichomes are diagnostic
(Hardin, 1979a; Jones, 1986); the presence of simpli-
fied stellate trichomes according to Deng et al. (2014)
on the adaxial side in mature leaves was confirmed
by the results of this study in Q. robur. For section
Lobatae (= subg. Erythrobalanus, red oaks), to which
Q. rubra belongs, the appressed laterally attached
unicellular, multiradiate and rosulate trichomes (Har-
din, 1979a; Jones, 1986) are diagnostic. Among the
mentioned types of trichomes based on literature
data and mostly for young leaves of Q. rubra, mul-
tiradiate (Hardin, 1976, 1979 a,b) and rosette rosu-
late (Penas et al., 1994) trichomes are cited. In this
study, only multiradiate (stellate according to Deng
et al. (2014) trichomes very rarely along the midvein
and in the axils of the lateral veins were observed in
mature leaves of Q. rubra. Common to mature leaves
of both species are solitary trichomes, rarely found
on both sides of the leaf blade; trichomes of this type
are common in species of the genus Quercus (Kim et
al., 1992).
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Also, in the mature leaves of Q. robur and
Q. rubra, on the abaxial side, among the preserved
trichomes, uniseriate glandular ones were identified,
which absolutely prevail among the trichomes of
other types. Trichomes of this type are the most basic
glandular trichomes of Fagaceae Dumort. representa-
tives and are typical in all sections of the genus Quer-
cus (Jones, 1986), they are of the same type in struc-
ture, therefore the use of features of their structure in
systematics is not appropriate, unlike non-glandular
trichomes, which are characterized by a significant
diversity of structure (Thomson, Mohlenbrock, 1979;
Hardin, 1979a,b; Jones, 1986; Valencia, Delgado,
2003; Rio et al., 2014). Examination of uniseriate
trichomes of Q. robur under SEM showed that the
basal cell is densely covered with plates of epicuticu-
lar wax (Engel, 1993, fig. 1; Jankiewicz et al., 2017,
fig. 1d). The essential oil is capable of dissolving
epicuticular wax crystalloids after release from glan-
dular trichomes (Engel, 1993). Because of the thick
walls and layering of wax, the basal cells of uniseri-
ate trichomes are well preserved even in old leaves of
Q. rubra and Q. robur. Both species also have stip-
itate fasciculate trichomes (Jankiewicz et al., 2021;
Penas et al., 1994; Kryvoruchko & Bessonova, 2017;
Hardin, 1976, 1979 a,b), which we occasionally noted
in mature leaves of Q. rubra in the axils of the lat-
eral veins, and they were also found on petioles of
both species; capitate trichomes (Gellini et al., 1992;
Bussotti & Grossoni, 1997; Uzunova et al., 1997;
Hardin, 1976, 1979 a,b) were rarely noted by us only
for Q. robur. Stipitate fasciculate, solitary and capi-
tate trichomes are particularly unstable, so the iden-
tification of certain types of trichome bases indicates
their existence in young leaves (Hardin, 1976; Jones,
1986; Kim et al., 1992; Buck & Bidlack, 1998; Pan-
ahi, 2012; Deng et al., 2014). The bases of trichomes
of I-1III types were found on both sides of leaf blade
in Q. rubra. The rather high density of the bases of
Q. rubra trichomes indicates little persistence of
the trichomes, most of which fall off when the leaf
matures. Trichomes of Q. robur were more resistant
to falling; trichome bases were rare in this species.

Thus, reliable diagnostic features of mature leaves
pubescence of Q. robur, by which they can be distin-
guished from leaves of Q. rubra, are scattered sim-
plified stellate trichomes mainly on the adaxial side
of the leaf; solitary and capitate trichomes are very
rare; mature leaves of Q. rubra are characterized by
a lower density of uniseriate trichomes, the presence
of trichome bases of I-III types on both sides of the
leaf; fasciculate and stellate trichomes are also rarely
found. As other Quercus species, the studied two spe-
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cies have dorsoventral and hypostomatous leaves with
anomocytic stomata that are slightly raised above the
epidermal surface (Rio et al., 2014).

For the ultrastructure of the Q. robur stomata, which
was studied in detail under SEM, it was determinated
that the outer walls of the guard cells are surrounded
by thickening of the outer wall guard cells, which, like
the entire leaf epiderma, are covered with continuous
wax layer, on which numerous crystalloids of epicutic-
ular wax in the form of fringed plates are superimposed
(Bacic, 1981, fig. 2; Prasad & Giilz, 1990, fig. 1, A-D;
Engel, 1993, fig. 1; Russotti & Grossoni, 1997 , Uzu-
novaetal., 1997, fig. 2; fig. 3; Fortini et al., 2009, fig. 3,a;
Rio et al., 2014, fig. 2,j; Jankiewicz et al., 2017, fig. 1).
Stomata of Q. rubra were also examined under a SEM
in connection with the study of the model of water loss
in expanding leaves (Turner & Heichel, 1977, fig. 5;
Kane et al., 2020, fig. 5,7); visually, they differ from
the stomata of Q. robur by less development of epicu-
ticular wax plates.

The stomata of both species are almost the same
size. The abaxial epidermis of Q. rubra leaves is
characterized by a greater density of stomata. Aver-
age stomatal densities of Q. robur and Q. rubra are in
the range established for other plant species growing
in arid habitats (133-537/mm2, according to Yiotis
et al., 2006; Gil et al., 2012). The stomatal density
values of Q. robur and Q. rubra determined in this
study were within the limits of the indicators indi-
cated in the literature; the ranges of stomatal density
variation in both species overlapped. Various environ-
mental factors (e.g., water availability, light intensity,
photoperiod) can influence epidermal cell stretch and
thus affect stomatal density (Hoof et al., 2005). That
is probably why, when identifing the dependence of
Quercus stomata density on leaf illumination, the
results of different researchers may be contradictory
(Abrams &Kubiske, 1990; Batos et al., 2010). For
example, an increase in stomatal density in Q. robur
and Q. rubra was shown when growing under bet-
ter lighting conditions (Abrams & Kubiske, 1990;
Kryvoruchko & Bessonova, 2018); according to other
data, this indicator increases in Q. robur and other
species under conditions of shadow growth (Bruschi
et al., 2003; Batos et al., 2010); or under different
light conditions, populations of Q. rubra trees did not
differ statistically significantly for traits of stomatal
density or stomatal index (Daly & Gastaldo, 2010).

The structure of the cross-sections of the Q. robur
and Q. rubraleaves is of the same type, the differences
were indicated in the greater length and at the same
time in the smaller width of the cells of the palisade
parenchyma in the leaves of Q. robur. The palisade
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parenchyma of Q. robur and Q. rubra can have from
one to two, rarely three layers of cells, depending on
the conditions of growth, in particular, lighting or pol-
lution of the environment (Ashton & Berlyn, 1994;
Nagel et al., 1998; Rio et al., 2014; Kryvoruchko &
Bessonova, 2017). Increasing the layers of the pal-
isade parenchyma to two or three provides better
photosynthetic light utilization efficiency, especially
in species in which trichomes or a wax layer reduce
radiation absorption (Rotondi et al., 2003).

In both species, the thickness of the columnar
parenchyma was almost the same as the thickness of the
spongy parenchyma (the ratio is approximately 1:1).
This ratio of columnar and spongy mesophyll thick-
ness was also noted for other species of the oak genus
(Shahbaz et al., 2015). The palisade coefficient, which
characterizes resistance to drought and the degree of
xeromorphism of the structure (Kryvoruchko & Bes-
sonova, 2017), in the leaves of the studied species
was approximately the same and laid within 40 to
50%, which corresponds to its average value.

Drusen and prismatic crystals are more abundant in the
spongy mesophyll of Q. rubra leaves. Compared to other
oak species, crystalline inclusions in the spongy mesophyll
of Q. robur leaves occur less often (Rio et al., 2014), and
are mainly represented by druses. The presence of starch
and tannins was confirmed in the mesophyll (mainly pal-
isade) of leaves of both species. Ergastic substances in
plant tissues, mainly tannins and calcium oxalates, play
an important role in the control of cellular ion and osmotic
balance, which is crucial in the adaptive resistance of plants
to water stress (Franceschi & Horner, 1980; Rotondi et al.,
2003). Crystalline inclusions of calcium salts ensure the
balance of cellular ions (sodium and/or potassium), protec-
tion of plants from being eaten by animals, stiffness and
support functions of tissues, detoxification of oxalic acid
or aluminum and/or heavy metals, absorption and reflec-
tion of light, etc. (Franceschi & Horer, 1980; Franceschi
& Nakata, 2005; He et al., 2012). The presence or absence
of crystals, their type and their chemical composition can
be used as taxonomic features (Meric, 2009).

Phenolic compounds are secondary metabolites
responsible for adaptation and resistance to aggres-
sive environmental factors. They participate not only
in plant defense mechanisms against fungal patho-
gens, but also against herbivorous insects (Lattanzio
etal., 2006, 2009). The cuticular layer, as well as phe-
nolic compounds that are concentrated in vacuoles, in
the walls of epidermal cells, especially in the meso-
phyll of the plant, perform the function of absorbing
UV radiation and prevent photodamage of the more
sensitive tissues of the mesophyll inside the leaf (Day
et al., 1993; Rotondi et al., 2003).
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The average leaf blade thickness determined in
this study was slightly larger in Q. robur. The values
of the thickness of the leaves of both species over-
lap, which is also shown in the literature (Abrams
& Kubiske, 1990; Valladares et al., 2002; Rio et al.,
2014; Sevillano et al., 2016). The thickness of the
leaf blade can be an indicator of the light use strat-
egy of plants (Sevillano et al., 2016). The thickness
of leaves in individuals of the same species decreases
with increasing shading, which has been experimen-
tally confirmed, in particular for Q. robur (Valladares
et al., 2002; Sevillano et al., 2016) and Q. rubra
(Abrams & Kubiske, 1990).

The midribs of Q. rubra and Q. robur have the same
anatomical structure, which is similar to other oak spe-
cies (Rio et al., 2014; Shahbaz et al., 2015). The mid-
dle vein is covered with a single-layered epiderma with
a pronounced cuticle layer; the primary cortex contains
collenchyma and more developed storage parenchyma,
the vascular system is surrounded by a dense ring of
mechanical tissues; the vascular system consists of pri-
mary vascular tissues that are localized in the peripheral
adaxial and abaxial blocks (bundles), and secondary ones
that form the central block (bundle). The differences in the
anatomical structure of Q. rubra from Q. robur were the
greater development of parenchyma and collenchyma of
the primary cortex, sclerenchyma shealth; a larger num-
ber of secondary conducting bundles in the central unit;
the presence of the pith parenchyma between the xylems
of the central and adaxial blocks; a greater number of
crystalline inclusions in the primary cortex and paren-
chyma of the vascular bundle. Amyloplasts were found
in the parenchyma of the primary cortex and the vascular
system. Phenolic compounds in the midrib in both species
were concentrated mainly in the phloem.

Features of the petiole anatomical structure in plants,
in particular species of the genus Quercus, have species
uniqueness, therefore they are widely used as diagnos-
tic feature in determining species affiliation (Gonzalez-
Rodriguez & Oyama, 2005; Rio et al., 2014; Shahbaz
et al., 2015; Fortini et al., 2015). In pharmacognostic
studies, the analysis of the features of petiolar anatomy
becomes a convenient tool for determining the identity
of species and standardization of medicinal plant raw
materials. According to the results of the study of ana-
tomical sections of petioles of Q. rubra and Q. robur in
the medial part, diagnostically significant features that
can be used for species identification were identified.

Conclusions

The main differences in the cross-sections of the
medial part of the Q. rubra petioles were the com-
plete fusion of the vascular bundles in the adax-
ial and abaxial blocks; by a clear separation of the
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well-developed xylem of the central block from the
xylem of the adaxial block by the pith parenchyma.
Also, the cross-sections of the medial part of the
Q. rubra petioles differed in their rounded shape, the
absence of lateral ribs on the adaxial side, and the
uniform thickness of the layer of the primary cortex
on all sides of the petiole; the average dimensions of
cross-sections reached greater values, and the associ-
ated dimensions of sclerenchyma, xylem, cortex and
pith parenchyma were larger. The anatomical struc-
ture of the medial section of the Q. rubra petiole of is
similar to the structure of the middle vein; in Q. robur
it differed by partial fusion of bundles in adaxial and
abaxial blocks and isolation of bundles in the central
block of vascular tissues. Petioles of both species, in
contrast to the middle veins, had larger diameters,
did not have a conical projection of the primary cor-
tex on the adaxial side; had a greater thickness of
the mechanical tissues of collenchyma and scleren-
chyma, as well as a greater number and larger sizes
of crystalline inclusions; dimensional indicators of
vascular tissues did not differ significantly between
species and in different parts of anatomical sections
of petioles and midrib. In the epiderma of petioles of
both species, solitary and fasciculate trichomes were
noted; in contrast to the midvein, which, in addition
to fasciculate trichomes, included simplified stel-
late (in Q. robur) and stellate (Q. rubra) trichomes.
According to histochemical reactions, the presence
of wax-like substances, lignified tissues, tannins and
starch in petioles of both species was confirmed. If in
the middle vein tannins were mainly concentrated in
the phloem, then in the petioles the largest number of
them would be noted in the parenchyma of the vascu-
lar bundles. For comparison, in the cork of Q. robur,
polyphenols are mainly accumulated in the cell walls
of the tracheas, as well as in the cells of the ray paren-
chyma (Masson et al., 1994; Likhanov et al., 2019).
Therefore, the results of the research made it
possible to identify the anatomical characteris-
tics of the leaf blade and petiole of Q. rubra and
Q. robur, which have diagnostic value and can be
used to identify medicinal raw materials of these
species. It is shown that the following are of the
greatest diagnostic significance: the nature of
pubescence of leaves, midribs and petioles, quanti-
tative indicators and the nature of the distribution
of crystalline inclusions in different parts of leaves,
features of the structure of the vascular system of
the midrib and petiole. Most of the dimensional
indicators of the anatomical structure of the leaf
plate varied in both species and cannot be used as
reliable in the identification of raw materials.
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STUDY OF THE RANGE OF PLANT-BASED DRUGS FOR LOCAL USE
IN OTORHINOLARYNGOLOGY PRACTICE AND DENTISTRY

Actuality. The product policy of manufacturers of locally acting pharmaceutical products used in dentistry and otorhinolaryngology
is based on studying the domestic pharmaceutical market, conducting a detailed analysis of the assortment of medicinal products with
the aim of its constant updating, profitability, and searching for new high-profit medicinal products.

With each passing day, more attention is being paid to locally acting medicinal products that directly affect the pathogen of the
disease and alleviate changes resulting from the course of the inflammatory process. Therefore, we conducted a marketing analysis of
the domestic market of locally acting medicinal products used in dentistry and otorhinolaryngology.

The aim of research was to study the range of plant-based drugs for local use in otorhinolaryngology practice and dentistry
available on the pharmaceutical market of Ukraine.

Materials and methods of research. The study of the assortment of drugs was carried out according to the State register of medicines
of Ukraine, the Regulatory and directive documents of the Ministry of health of Ukraine, the directory of medicines Compendium
online, and online resources Tabletki.ua and Apteki.ua. Marketing, mathematical-statistical, graphical, and logical generalization
methods were used in the study.

Research results and their discussion. As of February 2024, 106 trade names of medicinal products for local use in
otorhinolaryngology practice and dentistry, represented by 193 assortment positions, are registered on the pharmaceutical market of
Ukraine. Among the studied medicinal products, domestically produced drugs predominate, accounting for 79.3%. The leaders among
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domestic manufacturers of locally acting medicinal products used in dentistry and otorhinolaryngology practice are Viola Pharmaceutical
Factory PJSC, Liktravy PJSC, and Lubnypharm PJSC. Among the importing countries, Germany leads in the nomenclature of the
studied medicinal products (47%). The share of single-component medicinal products for local use in otorhinolaryngology practice
and dentistry is the largest, constituting 64.8%. The share of multi-component medicinal products is nearly half as much, at 33.7%. The
number of two-component medicinal products is negligible.

Among the dosage forms of the studied medicinal products on the domestic pharmaceutical market, herbal raw materials
predominate, accounting for 47%. These are domestically produced medicinal products. Among the dosage forms of foreign production,
lozenges, solutions, and drops prevail. The leaders among medicinal plants in terms of frequency of use are Eucalyptus globulus,
Matricaria chamomilla, Calendula officinalis, and Salvia officinalis.

Conclusion. The domestic pharmaceutical market for plant-based drugs for local use in otorhinolaryngology practice and
dentistry was studied. Among the dosage forms of Ukrainian production, herbal raw materials dominate. Foreign manufacturers of
plant-based drugs for local use in otorhinolaryngology practice and dentistry import lozenges, tablets, and pastilles to the Ukrainian
pharmaceutical market. These forms are characterized by stable dosages, ease of use, long shelf life, and thus are convenient for many
patients. Therefore, the development of such domestic plant-based dosage forms is relevant.

Key words: plant-based medicines, otorhinolaryngology practice, dentistry, domestic pharmaceutical market, dosage forms,
medicinal plants.
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JOCJIIXKEHHA ACOPTUMEHTY JIIKAPCHbKHUX 3ACOBIB HA POCJIUHHIN OCHOBI
JJISI MICOEBOTI'O 3BACTOCYBAHHS B JIOP-ITPAKTHUINI TA CTOMATOJIOT'TI

Axmyanvuicme. Tosapna nonimuxa eupodHuKie gapmayeemuunol npodykyii micyesol Oii, Ky 3aCmMoOco8yIOmy Y CMoMamonozii
ma JIOP-npaxmuuyi, 6a3yemvca Ha GUEUEHHI 8IMYUSHAHO20 hapMayeemuyHo20 PUHKY, 0emaitbHOMY AHAI3] ACOPIMUMEHNTY TIKAPCOKUX
3ac00i8 i3 Memoio 1020 NOCMINHO20 OHOBIEHHS, PEHMADENbHOCMI, NOULYKY HOBUX GUCOKONPUOYMKOBUX NIKAPCLKUX 3AC00I8.
3aXBOPIOBAHHS MA YCYBAIOMb 3MIHU, AKI GUHUKAIOMb YHACTIOOK nepebicy 3ananvhoeo npoyecy. Tomy namu npogeoeHo MapKemuH2o8ull
aHaniz GIMYUSHAHO20 PUHKY JIKAPCLKUX 30c00i6 Micyesoi 0ii, aki 3acmocosytoms y cmomamonoeii ma JIOP-npakmuyi.

Mema 00cnidxiceHHA — BUSUUMU ACOPMUMEHN TIKAPCHKUX 3AC0016 HA pOCTUHKIL OCHOGI 071 Micyeso2o 3acmocysantsi ¢ JIOP-npak-
muyi ma cmomamonozii, npeocmasiieHux Ha GapmayesmuuHoMy putky Yxpaiuu.

Mamepian i memoou. Busuenns acopmumennmy JKAPCbKUX 3acodie nposoounu 3a JepicasHum peecmpom JiKapcbKux 3acoois
Vrpainu, nopmamuenumu ma oupexmusnumu doxymenmamu MO3 Vrpainu, 0osionuxom nikapcokux 3acobie Komnenoiym ownnaiin
ma Inmepnem-pecypcamu Tabletki.ua ma Apteki.ua. Mapxemurneosuil, mamemamuxko-cmamucmuyHuil, epagiuHuil Memoou ma Menoo
J10214H020 Y3a2anbHeHHs 010 BUKOPUCMAHO Y X00i 00CIIOHCEHHSL.

Pesynomamu oocniosncennn. Cmanom Ha momuti 2024 p. Ha apmayesmuynomy punky Yrpainu zapeecmposarno 106 mopeosux
HA36 JIKAPCLKUX 3ac00i8 015 Micyesoeo 3acmocysants & JIOP-npaxmuyi ma cmomamonoeii, axi npedcmaeneni 193 acopmumenmuumu
nosuyisimu. Ceped 00CAIOACYBAHUX TIKAPCLKUX 3AC00I6 Nepesaicaroms AKapCcoKi 3acodu GiMUU3HAH020 GUPOOHUYMEA, YACIMKA SAKUX
cmanosums 79,3%. Jlioepamu ceped GimuusHAHUX 8UPOOHUKIG NIKAPCLKUX 3006, AKI 3ACMOCOBYIOMb MICYEB0 8 CIOMAMOIN02ii ma
JIOP-npaxkmuyi, € ITAT «@apmayesmuuna ¢pabpuxa «Bionay, [TAT «J/lixmpasuy, [TAT «/Iyonugpapmy. Cepeo kpain-imnopmepis 3a
HOMEHKNamypoio 00Cniodcy8anux aikapcokux 3acobie nioupye Himewuuna (47%). Yacmra oonokomnonenmuux nikapcbKux 3acodie
ons micyegoeo 3acmocysanis ¢ JIOP-npaxmuyi ma cmomamonocii € naubdinbwioro ma cmanosums 64,8%. Maiioce 606iui menuia
yacmka 6a2amoKoMNOHeHMHUX JIKAPCbKUX 3acobis, aka cmanosums 33,7%. Kintbkicmb 080KOMNOHEHMHUX JIKAPCOKUX 3AC0016 HE3HA-
una. Cepeo nikapcbKkux ¢opm Ha 8iMuu3HAHOMY PapmayesmuiHOMy PUHKY 00CTIONCYBAHUX TIKAPCOLKUX 3ACODI8 Nepesadicae Nikapcbka
POCIUHHA cuposuna, axka cmanosums 47%. Lle nikapcoki 3acobu gimuusnanozo eupobrnuymea. Ceped aikapcoKux opm iHo3eMHo20
BUPOOHUYMBA NEPeBAdICAIONb NACMUIKY, po3duny ma Kpanii. Jlidepamu ceped NiKapcobKux pocaun 3a 4acmomoro iX GUKOPUCTNAHHS
€ e6KANINM 36UYAIHULL, POMAWUKA TIKAPCHKA, KAeHOYd NIKAPCbKA Ma Wasis 1iKapcobKa.

Bucnosok. Jlocniooceno simuusHanuil papmayesmuiHuil pUHOK JIKAPCOKUX 3aC00i6 HA POCIUHHIT OCHOBI 0711 MICYe68020 3aCmocy-
sanns 6 JIOP-npaxmuyi ma cmomamonoeii. Ceped MiKapcoKux oopm yKpaincobko2o 8upoOHUymsea OOMiHye MiKapcbKa pOCIUHHA CUpo-
suna. [nozemui upoOHUKL TIKAPCOKUX 3AC00I8 HA POCTUHHIL OCHO8I, Wo 3acmocosytoms y JIOP-npakmuyi ma cmomamonoeii micyego,
iMnopmyoms Ha YKpaiHCoKUll (papmayesmudHull pUHOK T1b00AHUKU, MAOIemKu ma nAcmMuiKy, Wo Xapaxkmepusyiomsca CmabiibHicmo
003Y6aHH5, NPOCMOMOIO 3ACMOCYBANHS, MPUBATUM MEPMIHOM 30epicanisl, 3a605KU HOMY € 3pyunumu 0 bazamvox nayicumis. Tomy

PO3POONIeHHs. MAKUX GIMYUSHAHUX JIKAPCLKUX QOPM HA POCTUHHIT OCHOGI € AKMYALLHOIO.
Knrwuosi cnosa: nikapcoki 3acodu Ha pocaunniti ocrosi, JIOP-npakmuka, cmomamonozis, 6imyuusHAHUuLl (hapmayesmudHull puHox,

Kpainu-eupoOHuKU, TIKAPCobKi hopmu, NiKapcoKi pOCIUNU.

Introduction. Topicality. In 2019, about 3.5 billion
people worldwide were affected by oral diseases, mak-
ing them the most widespread among over 300 diseases
and conditions affecting humanity. Oral diseases have
been dominant globally since 1990. According to the
World Health Organization (WHO), approximately 50%
of the global population suffers from various forms of
oral diseases. Consequently, in November 2022, WHO
published the Global Oral Health Status Report. This
report aims to promote and achieve universal health cov-
erage for oral health by 2030. The first of its kind, the
report intends to foster discussions and implement pol-
icy reforms at national and international levels among
WHO’s 194 member countries. Importantly, the report
presents the first-ever oral health profile with critical
data on the oral health status of each WHO member
state. Besides the five main diseases (severe periodontal
disease, edentulism, caries of permanent and deciduous
teeth, oral cavity and lip cancer), many other diseases
and conditions are significant for oral health, including
oral mucosa diseases (WHO, https://www.who.int/data/
gho/data/themes/oral-health-data-portal; Peres, 2019;
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Osuh, 2022; communitymedicine4all, https://communi-
tymedicine4asses.wordpress.com/2022/11/19/).

When assessing local changes and considering the
overall manifestations of the disease, treatment should
be comprehensive. It should target the etiological factor,
have a local impact on the oral mucosa, and improve the
body’s general reparative and immunobiological prop-
erties. However, increasing attention is being given to
local agents that directly affect the pathogen and address
changes caused by the inflammatory process. It is crucial
for the drug to release in the oral cavity from its dosage
form, providing anti-inflammatory, antibacterial, and
antifungal effects. Such effects can be provided by plant-
based drugs, which have the advantage over synthetic
ones in that they rarely cause side effects, are well-tol-
erated regardless of the patient’s age, and can be used
for extended periods (Budniak, 2021 a, b, Marchyshyn,
2021, Slobodianiuk, 2021). The complex of substances
contained in plants determines the polyvalence of their
action (Slobodianiuk, 2022). Therefore, the study of the
pharmaceutical market for plant-based drugs for use in
dentistry and otorhinolaryngology practice is relevant.
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The purpose of the study is to investigate the assort-
ment of plant-based medicines for local use in otorhi-
nolaryngology and dentistry presented on the pharma-
ceutical market of Ukraine.

Materials and methods of the study. The objects of
the study were the State register of medicines of Ukraine
(State register of medicines of Ukraine, http:/www.drlz.
com.ua), the Compendium online medicines directory
(Compendium, https://compendium.com.ua), the Equiva-
lence reference book of medicines (Equivalence reference
book of medicines, https://rx.ua/), Regulatory and direc-
tive documents of the Ministry of health of Ukraine on
registered medicines in Ukraine (Regulatory and directive
documents of the Ministry of health of Ukraine, https://
mozdocs.kiev.ua/), the State formulary of medicines (State
formulary of medicines, https://www.dec.gov.ua/materials/
chinnij-vipusk-derzhavnogo-formulyara-likarskih-zaso-
biv/?role=ua), and internet resources for searching medi-
cines in Ukraine — Apteki.ua and Tabletki.ua (Tabletki.ua,
https://tabletki.ua/uk/; Apteki.ua, https:/apteki.ua/uk). In
the analysis of the domestic pharmaceutical market, var-
ious methods were used, namely: logical generalization,
marketing, mathematical, and graphical methods. The
obtained data were systematized and presented in the form
of diagrams with explanations and conclusions.

Results and discussion. According to the Anatom-
ical Therapeutic Chemical classification system, the
analyzed medicines used for local application in otorhi-
nolaryngology and dentistry belong to the following
groups: AO1A D “Other medicines for local oral treat-
ment”, A15 “Medicines of Appetite Stimulants”, A16A
X “Various medicines affecting the digestive system and
metabolism”, DO3A X “Various healing medicines”,
DO8A X “Other antiseptics and disinfectants”, D11A X
“Other dermatological medicines”, RO2A “Throat medi-
cines”, RO5X “Other cold and cough medicines” (Com-
pendium, https://compendium.com.ua).

As of February 2024, there are 106 trade names of
herbal medicines registered in Ukraine for local use in
otorhinolaryngology practice and dentistry, represented
by 193 assortment positions.

The Ukrainian pharmaceutical market of herbal
medicinal products for local use in dentistry and otorhi-
nolaryngology practice is represented by domestically
manufactured drugs (79.3%) and foreign-made ones
(20.7%) (fig. 1).

Among Ukrainian manufacturers of herbal drugs for
local use in otorhinolaryngology practice and dentistry,
represented in the domestic pharmaceutical market, the
leaders in the nomenclature of medicinal products are
Viola Pharmaceutical Factory PJISC (22.2%), Liktravy
PJSC (21.6%), and Lubnypharm PJSC (18.3%). Their
share in the domestic market exceeds 60%. The share
of the other twelve domestic manufacturing companies
is 37.9%.

®diroTepanis. Yaconuc

Imported
herbal
medicines

Domestic
herbal
medicines

Fig. 1. Diagram of the ratio of foreign-made ones
and domestic herbal medicines for local use in
otorhinolaryngology practice and dentistry

Medicines for local use in otorhinolaryngology prac-
tice and dentistry are supplied to the Ukrainian market
by manufacturing companies from seven countries of
the world, namely Poland, Germany, France, India, Aus-
tria, Pakistan, and the United Kingdom (Fig. 2). Using
data from the State register of medicines, the share of
each producing country for the studied medicinal prod-
ucts was established. The leader among foreign coun-
tries producing herbal medicines for local use in otorhi-
nolaryngology practice and dentistry is Germany (47%).
The share of such producing countries as Austria, Poland
and India is almost three times smaller and amounts to
13%, 12% and 12%, respectively.

United
Pakistan

Austria X
13% ¥

India
12%

France
5%

Germany
a7%

Fig. 2. Diagram of the distribution of foreign
countries producing herbal medicines for local use
in otorhinolaryngology practice and dentistry

The studied medicines, based on the number of com-
ponents they contain, were divided into multi-compo-
nent, two-component, and single-component categories.
Among them, single-component medicines accounted
for 64.8% of the total number of herbal medicines for
local use in dentistry and otorhinolaryngology practice
(Fig. 3). The share of multi-component medicinal prod-
ucts is 1.9 times smaller, constituting 33.7%. Two-com-
ponent medicinal products are a minor segment among
the studied medicines, comprising only 1.5%.
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Fig. 3. Diagram of the ratio of herbal medicines
for local use in dentistry and otorhinolaryngology
practice

The studied herbal medicinal products are presented
in various dosage forms on the pharmaceutical market of
Ukraine. About half of the drugs are in the form of herbal
raw materials (collections, leaves, rhizomes, herbs, bark,
roots, teas), accounting for 47%. The share of tinctures
is 3.6 times smaller, making up 13%. The shares of dos-
age forms such as sprays, solutions, lozenges, and tab-
lets are smaller, accounting for 7%, 6%, 6%, and 5%
respectively. The share of other dosage forms, including
drops, liquid, syrup, gel, aerosol, pastilles, ointment, lig-
uid extract, and granules, is only 16%.

A marketing study was also conducted on medicinal
plants used as herbal raw materials, extracts, and oils in
herbal preparations for local use in otorhinolaryngology
practice and dentistry. The leaders among medicinal plants
in terms of usage frequency are Eucalyptus viminalis,
Calendula officinalis, Matricaria chamomilla, and Salvia
officinalis. These are predominantly packaged as herbal
raw materials and/or prepared as tinctures. Acorus cala-
mus is found in 15 product positions, Quercus robur L.
in 13, Arctium lappaL. in 12, and Hypericum perforatumL.
in 10. The remaining plants are found in fewer prod-
uct positions. These include Phytolacca americana L.,
Myristica fragrans, Pinus mugo, Mentha piperita, Gly-
cyrrhiza glabra L., Tilia cordata Mill., Althaea officinalis,
Arnica montana, Thymus vulgaris, Atropa belladonna,

Capsicum annuum, Guaiacum officinale, Achillea mille-
folium, Valeriana officinalis L., Hyssopus officinalis L.,
Luffa aegyptiaca, Euphorbia resinifera, Pulsatilla praten-
sis, Potentilla erecta L., Piper longum, Viola odorata,
Adhatoda vasica, Cetraria islandica, Brassica nigra,
Berberis vulgaris L., Helianthus annuus L., Pimpinella
anisum, Urtica dioica L., Sophora japonica, Zingiber
officinale, Chelidonium majus L., and Rosa canina L.

Conclusions

1. As of February 2024, there are 106 trade names
of herbal drugs for local use in otorhinolaryngology
practice and dentistry on the domestic pharmaceuti-
cal market.

2. An analysis of the product range showed that
domestically produced medicinal products predomi-
nate, with a share of 79.3%. The leaders among domes-
tic producers of the studied medicinal products are
Viola Pharmaceutical Factory PJSC, Liktravy PJSC,
and Lubnypharm PJSC. Among the countries import-
ing herbal medicinal products for local use in dentistry
and otorhinolaryngology practice, Germany leads in the
nomenclature of medicinal products (47%). The share
of single-component products for local use in otorhi-
nolaryngology practice and dentistry is the largest, at
64.8%. On the domestic pharmaceutical market of the
studied herbal medicinal products, herbal raw materi-
als dominate among dosage forms, accounting for 47%.
These are domestically produced medicinal products.
Among the dosage forms of the studied foreign-made
medicinal products, lozenges, solutions, and drops dom-
inate. The leaders among medicinal plants in terms of
usage frequency are Eucalyptus viminalis, Matricaria
chamomilla, Calendula officinalis, and Salvia officinalis.

3. Lozenges, pastilles, and tablets are usually
characterized by stable dosing, longer shelf life, ease
of use, and the possibility of potentiating effects,
making them preferred by patients. Therefore, the
production of such domestic dosage forms based on
herbal raw materials is relevant.
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CYYACHI IIAXOAU 1O PAPMALNEBTHYHOI'O AHAJII3Y
METO/IOM BEPX AJIKAJIOI1Y MAKJIITAKCEJY

Axmyanvuicms. Cepiiosnum HeOONiKoM apmayesmuinoco anaiiszy JKapcokux 3acobie i3 0ilouol0 akmuHoI0 PedoBUHOI0 NPU-
POOHO20 NOXOOJICEHHSI € IOCYMHICMb 6acamvox napamempis ix cmanoapmuszayii. Ananiz JI3PII nompebye cmandapmuzosanux
Memooig — IHCMPYMEHMapito 01 GUIHAYEHHSA IX I0eHMUYHOCMI, YUCMOmU ma AKocmi, AKi nogunHi eionogioamu eumozam GLP ma
GMP. [axnimaxcen (makcon) — ye Hatigioomiwiuil OumepneHoio makcamy, € RPOMUNYXaIuHHUM NPenapamom nPUpooOH020 NOX0ONCEHHS,
AKULL BUKOPUCTNOBYIOMY Y MEOUYHITE npakmuyi nio 4ac AiKy8aHHs NYXAuH MOIOYHOI 3a103uU, lecenis i seunuxis. Jepocasna Dapmaro-
nes Yxpainu (DY) ne pecnamenmye ananiz cyocmanyii naxnimaxceny. Cynpogioni peuogunu y ckaadi cybcmanyii nakaimaxceny 3a
pexomenoayismu €sponeticoroi @apmaronei (Eur.Ph.) ananizyloms minexu 3a 0onomozoro memooy piounnoi xpomamoepaii (PX).
Ximiuna cmpykmypa maxkcawie € CKi1a0HOK NOMYUKITUHOI, MONEKYIU KO 3HAXOOAMbCSA Y PIZHUX MaymomepHux moougikayisx. 11io
yac xpomamoezpagysants nio GNIUEOM PISHUX YUHHUKIE (A2pecusHi peazeHmu, 8UCOKA MeMNepamypa) MOLeKyau makcauie MoxiCyms
nionsieamu XiMiuniu de2padayii, wo HeobXiOHO épaxogyeamu nio uac po3podxu xpomamocpagiunux ymos. Tomy, imniemenmayis
¥y papmayesmuynull ananiz maxkcamie cy4acHo2o ma GUCOKOUymaueo2o memooy BEPX sanuwaemobcs akmyanbHolo, OCKinbKU 8I0 SIKO-
cmi cydcmanyii ma AikapcoKux 3aco0ie, AKi 6U0mMOBIeHo HA ii OCHOBI, 3a1exCams 300P08 s M HCUTMA OHKOLOSTUHUX XBOPUX.

Mema 0ocnidscenns — adanmayis 3 MONCIUBOI MOOUPIKAYIEI XPOMAMOPAPIUHUX YMOE MA MEMOOUK QOCTIONCEHHS MENMOOOM
BEPX 05 niomeepooicenns skocmi cybcmanyii naxnimaxcerny.

Mamepian i memoou. 3pasxku cybcmanyii naxaimaxceny, gapmaxonetini cmanoapmui spasku @Y naxiimakceny ma naxkiimax-
ceny cynpogionoi oomiwiku B 3 konyenmpayisimu 1,2 me/mn ma 0,006 me/mn, eionosiono, BEPX, xpomamoepagp Agilent 1260 Infinity 11
3 Y-oemexmyeanusm, komn tomepnuii ananiz 3a npoepamoro OpenLab CDS.

Pesynomamu 0ocniosycenna. Ilposedeno e onucane 6 docmyniil nimepamypi ekchepumenmanvbhe 00CHiONHCeHHs cyocmanyii
naxaimarceny memooom BEPX, a came: adanmogano 3 6ionogioHuMU MOOUDIKAYisMU YMOBU XPOMAMOopagyyeants cyocmanyii naxi-
maxceny — MoOuQpikosaro pyxomi ¢pasu ma cnie8iOHOuEeHHs pOZUUHHUKIE: (haza A — ayemonimpun R — 600a 01 xpomamoepag)yeans R,
(2:3,V/V), ¢pasa B — ayemonimpun R; yOockonaneHo ma adanmosano mMemoouKu 00CIOHCEHHS 3 BUKOPUCTIAHHAM 0A308UX MENMOOUK
onst PX 3a Eur.Ph. 3 suxopucmanusm y 00CaioxceHnsx cmanoapmuux spaskie DY, a came, nidiopano konyenmpayii po3uunie 3paz-
kie — 1,2 me/mn ma 0,006 me/mn. Buseneno mpu ne peenamenmosari Eur.Ph. cynymui peuosunu — Hecneyughikogani Oomiwiku y ckaaoi
8UNPOOOBYBAHO20 3PA3KY CYOCMANYIT NAKIIMAaKceny.

Bucnosok. 3a pesynomamamu excnepumenmansno2o 0ocuioxcens memooom BEPX cybcmanyii nakaimaxceny — pe4osutu ckiao-
HOI NOMIYUKATUHOT CMPYKMYPU, 3HALIOEHO MPU HeCneyudiko8ani OOMIWKY, AKI O0OCUMb 8AACKO BUABIAOMbCS Memooom PX, wo exkazye
Ha HazanvHy nompeby 6 imniemenmayii memoody BEPX Ak @ucoxocenekmueHo2o ma 6UCOKOMeXHON02IUHO20 Memooy 8 NpaKmuKxy gap-
MayeemuyHo20 ananizy makcauis.

Knrouogi cnosa: naxnimaxcen, maxcon, maxcanu, BEPX, necneyugixosani domiwku.
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MODERN APPROACHES TO THE PHARMACEUTICAL ANALYSIS
BY HPLC OF PACLITAXEL ALKALOID

Actuality. A serious drawback of the pharmaceutical analysis of medicinal products of plant origin (MPPO) is the lack of many
parameters of their standardization. The analysis of MPPO requires standardized methods — tools for determining their identity,
purity and quality, which must meet the requirements of GLP and GMP. Paclitaxel (Taxol) is the most famous diterpenoid taxane,
an antitumor drug of natural origin, which is used in medical practice in the treatment of breast, lung, and ovarian tumors. The
State Pharmacopoeia of Ukraine (SPU) does not regulate the analysis of the paclitaxel substance. Accompanying substances in
the paclitaxel substance according to the recommendations of the European Pharmacopoeia (Eur.Ph.) are analyzed only using the
method of liquid chromatography (LC). The chemical structure of taxanes is complex polycyclic, the molecules of which are in various
tautomeric modifications. During chromatography under the influence of various factors (aggressive reagents, high temperature),
taxane molecules may undergo chemical degradation, which must be taken into account when developing chromatographic conditions.
Therefore, the implementation of a modern and highly sensitive HPLC method in the pharmaceutical analysis of taxanes remains
relevant, since the health and life of oncology patients depend on the quality of the substance and medicines made on its basis.

The purpose of the study is adaptation with possible modification of chromatographic conditions and research methods by HPLC
to confirm the quality of the paclitaxel substance.

Material and methods. Paclitaxel substance samples, pharmacopoeial standard SPU samples of paclitaxel and paclitaxel
accompanying impurity Bwith concentrations of 1.2 mg/ml and 0.006 mg/ml, respectively; HPLC, Agilent 1260 Infinity I chromatograph
with UV detection, computer analysis by OpenLab CDS program.

Research results. An experimental study of the paclitaxel substance by the HPLC method, not described in the available literature,
was carried out, namely: the chromatographic conditions of the paclitaxel substance were adapted with appropriate modifications —
the mobile phases and the ratio of solvents were modified: phase A — acetonitrile R — water for chromatography R, (2:3, V/ V), phase
B — acetonitrile R; research methods have been improved and adapted using the basic methods for LC according to Eur.Ph. with the use
of standard SPU samples in the research, namely, the concentrations of the sample solutions were selected — 1.2 mg/ml and 0.006 mg/ml.
3 unregulated Eur.Ph. accompanying substances — unspecified impurities in the composition of the test sample of the paclitaxel substance.

Conclusion. According to the results of an experimental study by the HPLC method of paclitaxel substance — a substance with a complex
polycyclic structure, 3 unspecified impurities were found, which are quite difficult to detect by the LC method, which indicates an urgent need
to implement the HPLC method as a highly selective and high-tech method in the practice of pharmaceutical analysis of taxanes.

Key words: paclitaxel, taxol, taxanes, HPLC, unspecified impurities.

Beryn. Axrtyanbmictb. Jlikapceki  pocnmHM  Ta CranmapTu3amiss HaTypaJbHUX IPOXYKTIB POCIHH-

(biTorpenapaTi CTAHOBJISITh BEJIMYE3HY YAaCTHHY (hapma-
LeBTHYHOrO pHHKY. Cepio3HIM HENOIKOM € BiJICyTHICTh
0ararboX MapaMeTpiB CTaHIapPTU3AIII] JIIKAPCHKUX 3aC00iB
POCIIMHHOTO TIOXO/PKEHHs. BcecBiTHs opraHizaiisi 0Xo-
ponu 310poB’st (BOO3) migkpecitoe HeoOXiTHICTh rapaH-
TiT KOHTPOJTFO SIKOCTI JTIKAPCHKHUX POCITMHHUX 3aC001B IS~
XOM BHKOPHCTAHHS BIIMOBITHUX TTAPAMETPIB 1 IPHHIHITIB.
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HOT'O MOXOKEHHS — 1€ IUISAX 10 PO3POOIICHHS Ta PEKO-
MeH1aI1ii 0araThoX eTaJOHHUX ITOKA3HHKIB 1 TapaMeTpiB,
HEBIJI’€MHHUX aTpHOYTIB, MEPEKOHINBUX CyO’€KTHBHHUX
Ta KUIBKICHHUX SIKOCTEH, SIKI HAJArOTh IiITBEPIKCHHS
IIHHOCTI JIIKAPCHKKX 3aC001B POCIMHHOTO TTOXOKEHHSL.
BincyTHicTh HiHHICHUX cTaHaaptiB aHamizy JISPIT npu-
3BeJia J0 MPOSIBY MOOIYHUX €(EKTIB — BT JIETKHX JI0 Cep-
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HO3HUX: IUTOTOKCHYHICTb, HEKPO3 MEUiHKHU 3 PO3BUTKOM
neuinkoBoi eHnedanomnarii Tomo (Walker, 1993, 6-10).
Takum unHOM, JI3PII moTpedyioTh iHCTpYyMEHTIB 1is
BU3HAUEHHS 1JICHTUYHOCTI, YUCTOTH Ta SIKOCTI, a IHCTPY-
MEHTH MaloTh OyTH TEXHIYHO JOCTaTHIMH, EKOHOMIYHO
edextuBHUMH BianoBigHo a0 BuMor GMP (Sylvester
et al., 2019, 19-20). Paninie HaMu CTBOPEHO Ta JOCIHi-
JOKEHO O10JIOTIYHO aKTHBHI CyOCTaHIl 3 010J0T1YHO0
KOMIIOHEHTOI0 — OaKTepialbHUMM JICKTMHAMHM, aHali3
SAKUX BHUKOHYBATH JOCUTH CKJIaZITHO 4Y€pE3 Bi}:[CYTHiCTL
CTaHIapTu30BaHUX MeTodiB aHamizy (Welchinskaya et
al., 2003, 20-25; Welchinskaya et al., 1999, 243-248).
Bu3sHayeHHST BAKKUX METaliB, MECTUIHIIB, MIKPOO-
HOro 3a0pyJHEHHS, paJiOaKTUBHOTO ONPOMiHCHHS
y cknani JI3IIP morpebyroTs BU3HAYCHB: (hapMaKOrHOC-
THUYHI apaMeTpH, Gi3UKo-XiMiUHI MapaMeTp CyMimen
Ta (iTocyOcTaHIiN, MIKpOOIOTIOTIYHI TECTH Ta XpoMa-
torpadiune nocmimpkenns (71X, BEPX, BETIIX, I'X,
Yo, I4, 19— Fourier-traforms, AAC, PX-MC, I'X-MC
tomo). CyOcTaHIlisl aKIiTaKCeny MIMPOKO BHKOPUCTO-
BYETBHCH SIK aKTUBHA IIiIOLIa PCUOBHUHA TPOTUITYXJIMHHUX
areHTiB. [I®Y He perniaMeHTye aHami3 MakKIiTakcely,
OJTHAK CTAaHJAPTH30BaHI METOAM aHami3y Ili€l pedo-
BuHU ommcaHo y Eur.Ph. (A®Y, 2014; Eur.Ph., 2019,
3469-3473). CynpoBiHi pe4OBUHU y CKJIAJIi CYOCTaHIIiT
MakJiTakceny 3a pekoMmenzaamismu Eur.Ph. ananmizyrors
3a joroMororo Meroay PX. Jlikapchki 3aco0wu, siki Mic-
TATh TAKCaHW, BUSBIISIOTH TIEBHY KUIbKICTh HeOaKaHUX
e(heKTiB: ypakeHHsI IMyHHOT Ta HEpBOBOI CHCTEM, HEW-
porieHisi, aHeMmist, kpoBoBwiIHBH ToIO (Han et al., 2023,
2131-2138; Wang et al., 2020, 10719-10727; Hao et al.,
2023, 12383-12393; Hu et al., 2020, 5910-5953).
[NakmiTakcen (Takcon) — e HABIIOMIIINH TATEPIICHOIT
TaKcaHy, TPOTHIYXJIMHHHN Tpernapar MPHUPOIHOTO ITI0XO-
JOKCHHS, SIKMH BUKOPUCTOBYEThCS Y METUYHIH TIPAKTHUII TTiJT
Yac JIIKyBaHHsI ITyXJIMH MOJIOYHOT 3aJI03H, JISTCHb 1 SIETHHKIB.
Morekyrna naKiTakceny XapaKTepH3yeThesl yHIKATLHOO
CTPYKTYPHOIO OCOOJIMBICTIO — 1€ HAJI3BHYAIHO HarpyKeHa
Tpurmkiiyaa cucrema (A, B, C) 3 OIIMKIOYHICKaHOBUM
(parmerToM (A, B) 13 MOABIHHNM 3B’S3KOM Ta HAIPYTOO
y TIONOKeHHsIX 1, 3, 5 1wKiniB, sika Mictuth 11 crepeorieH-
TPIB, 13 HUX CIM € CYMDKHHMHY XipaJIbHUMH IICHTPAMH.
OcoOnmuBicTh  OyIOBH  MOJICKYJIIPHOTO — KapKacy
MaKJIiTaKcely poOUTh HOTO Jy)Ke CKIIATHOK CHHTCTHY-
HOIO MIIICHHIO. 3a JIOTIOMOTOI0 JTBO(A3HOTO CHUHTE3Y
OyJIM OTPUMaHI TepIICHH: 1HTeHOJ, (OpOOIT 1 Tarcurap-
rig. Takok OTpUMaHO pe3yabTaTd OKHCHEHHS TEPIICHO-
BHX KapKaciB ya0aiHy, OeTyJiHOBOT KCIIOTH 1 TIOJTIOKCH-
reHoBaHux mperHadiB (Min et al., 2023, 4934-4971;
Kanda et al., 2020, 10293-10320; Kanda et al., 2020,
10526-10533). 3arayibHUI CHHTE3 TAKCOTY peali30BaHO
METOIOM 28-CTYIIEHEBOTO CHHTE3y IIISIXOM MiKMOJIe-
KYJSIPHOTO PaTuKadbHOTO CIONYyYaHHS Ta ITHKIIi3amii
npu karaii3i Pd (Watanabe et al., 2023, 25894-25902).
Jo 3araJbHUX CHHTETHYHHX ITiIXOMIiB KOHCTPYIOBAaHHS

=170
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MUKJTIYHUX s7ep TaKCaHIB MOXHa BiTHECTH YHi(iko-
BaHUIl CHAHTIOCTICIU(IYHANA METON 13 MOHOTEPIICHO-
imy (S)-xapBoHy. 3aBISIKH CTpaTerii peMoJeTrOBaHHS
ckap oy MOJEKyNIH, siKa BKJIKOYAE JTUBEPrCHTHY
peopranizallito Ta KOHBEpPreHTHE 3’ €THaHHS JBOX (hpar-
MEHTIB 13 KapBOHY, BinOyBaeThcsi posmieruieHHs C—C
3B’S3Ky TpH Katamizi Pd. Mertox AuMBepreHTHOr0 MOHO-
TEpPIICHOITHOTO PEMOJICIIOBAHHS Ta 3’ €IHAHHS KOHBEp-
TeHTHUX (ParMeHTiB 10 AWTEPICHOITHOTO CHHTE3Y
BIZIKpUBA€E TOCTYH JO CTPYKTYPHO Pi3HOPITHHUX TaKca-
HoBuX sytep (Perea et al., 2022, 21398-21407; Hu et al.,
2021, 17862—-17870; El-Mansy et al., 2021, 110-137).

HoBe moxigHe okceraHy NpW Karamizi Ag cralio
BUXIIHIM TPOIXYKTOM JUISI CTBOPEHHS TETPAMKIITHOTO
Kapkacy makiitakceny (liyama et al.,, 2022, 202-206;
Matoba, 2018, 7554—7557; Hu et al., 2018, 5905-5909).
Jns  MONeKyn TaKCaHOBHX —JAWTEPIICHIB  OIHCAHO
11 pi3HEX MOJEKYISIpHHX cKapQoiaiB (KapkaciB), sKi
YTBOPIOIOTBCS 332 PAaXyHOK IEperpyIyBaHb, (pparMeHTa-
iH, TpaHcaHyasIpHUX yTBOpeHb C-C-3B’SI3KIB «KJIACHY-
HOT'0 TAKCAHOBOTO si1pay. JIue i’ Th kKapKaciB HaIeKaTh
JI0 IIMKJIOTAaKCAHIB. IXHLOIO XapaKTEpPHOIO CTPYKTYPHOIO
OCOOJIMBICTIO € PI3HI THIM Ta KUIBKICTh TpaHCAHHY-
nsipaux C—C-3B’s13KiB y Kapkaci Takcany. CHHTE3 LHX
5-TH KapKaciB € HAHCKIIAIHIIINAM, a JesIKi €Talll CHHTE3Y
TEXHIYHO HEMOXJIMBI JUIS peaiizaiii y J1abopaTopHUX
ymoBax. CHOpITHEHICTh CKJIAJHUX TAKCAHIB 1 TaKCOIy
POOUTH iX BOYKIMBUMHU JUTsl CTBOPESHHS POTHITYXJTHHHHIX
JiKapceKux 3aco0iB (Schneider et al., 2021, 2347-2360).

OCKIIBKM MAKJIITaKCeNI BIMHOCUTBCA IO ONTHYHO
AKTHBHUX TaKCaHIB, MOXKHA MEPEIOAYUTH MPHUCYTHICTH
y CKJIaJi CyOCTaHIl1 MaKIiTaKCeay ONTHYHUX 130MepiB,
MOOIYHUX MPOAYKTIB CHHTE3Y, CIIOPITHEHUX PEUOBUH Ta
MPOAYKTIB Jerpajalii iXHix MoJieKyl. XiMiuyHa CTPYK-
Typa TaKCaHiB € CKJIQIHOO, T 9ac XpoMaTorpadyBaHHs
M BIJIMBOM pPIi3HUX YMHHHKIB (arpeCHBHI peareHTH,
BHCOKA TEMIIEPaTypa) MOJICKYIH MOXYThb nidisgeamu
Ximiunit Oeepadayii. 1leli YMHHUK TaKoXX HEOOXiTHO
BPAXOBYBATH TiJI 9ac Mig0opy xpomarorpagiaHIX yMOB.

Bukopuctanus y (apManeBTHYHOMY aHali3i Tak-
CaHiB Cy4acHOTO Ta BHCOKOYYTIHMBOTO MeTony BEPX
3aAUUAEMBCA  AKMYAIbHUM, OCKITIBKH — CyOCTaHIIs
€ CKJIaJHOI0 XIMIYHOIO CYMIIIIII0, YUCTOTa Ta SKICTh
SIKOT HeOOXiTH1 JIJTs1 IKICHOTO 1 €()eKTUBHOTO JIIKYBaHHS
OHKOJIOTIYHHX XBOPHX.

Mera OOCHIIKEHHS — axanramis 3 MOMKJIMBOKO
MoanGikaIi€o XpomaTorpadiqHIX yMOB Ta METOIUK
JOCITI/PKEHHST MeToioM BEPX ajist miATBEpIKSHHS KO-
CTi cyOcTaHmii makIIiTaKceny.

Marepianu Ta MeToau AOCTiIKeHHs. BumpoOy-
BaJIbHI 3pa3Ku CyOCTaHI] MakiiTakcery, hapMaKonei-
HUHl crannaptHuil 3pa3ok DY makmitakceny, papma-
KOneWHuil cranmaptHui 3pasok JIDY mnakmitakcemy
CYINpOBiIHOT ToMimKku B 13 koHIeHTpamismu 1,2 mMr/mit
ta 0,006 mr/™Mn, BinoBiaHO; MeTon BEPX, xpoMarorpad
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Agilent 1260 Infinity II 3 Y®-neTexTyBaHHSIM, KOMIT FO-
TepHHi aHali3 3a mporpamoro OpenLab CDS.

PesyabTaTn gocaigkeHHs1 Ta iX 00OroBOpeHHs.
Eur.Ph. permamentye MeTomu aHamily 4YHCTOTH Ta
BMICT CYNIpOBIIHUX PEUOBHH CyOCTaHIIi MakiIiTakcemy
merogom PX (Eur.Ph., 2019, 3469-3473). Meroau
JOCTI/DKEHHS PO3pPOOJICHO 3 ypaxyBaHHSIM IPHUPOAH
OTPUMAHOTO TAKJIITaKCeTy — 130JhOBAHOTO 13 MPH-
ponHEX jpKepen abo oTpuMaHoro (epMmeHTariero abo
HaMiBCHHTETHYHHUM TIporiecoM. TecToBi Ta pedepeHTHi
PO3YHMHHU OCIiKyBaHOI CyOCTaHINi TOTyIOTH B are-
TOHITpWIII. JleTeKTyBaHHS BHKOHY€ThCS TpH 227 HM
YO-cekTpohoTOMETpUIHAM MeTofoM. Pyxomi dasm:
¢aza A — meranon R1, Boma mist xpomarorpadyBaHHS
R (20:80,V/V); daza B: meranon R1, ameroHiTpui
s xpomarorpadysanns R (20:80, V/V). ¥V ckuani
cyOcTaHIii MakmiTakcenly, OTPUMAaHOI i3 HaTypalbHUX
Jokepen abo (depmentariero, Eur.Ph. pomyckaerbcs
11 crienuikoBaHUX Ta HECTICIU(PIKOBAHUX TOMIIIOK i3
nmimitoBanum Bmictom: A, B, C, D, E,F, H, O, P, Q TaR
(E, R-0,5%; A, B—-0,4%; C —0,3%; D, P, Q — 0,2%;
F - 0,1%). dns HecrienmndikoBaHUX JOMIMIOK YCTAHOB-
neHo simit 0,10%. V cknaai cyOcTaHIlii makmiTakcenmy,
OTPHUMAaHOI HATIBCUHTETHYHIM METOOM, JOITYCKA€THCS
10 momimoxk A, B, C, D, E, F, O, P, O ta R (A — 0,7%;
L - 0,5%; E — 0,4%; H, J, M — 0,4%). O60B’s13Kk0BUM
€ BUsIBJICHHS ToMitnku A — (2,0-1e0eH3011-2-O-Trrioin-
MakJiTakcen), JAoMimkn B — medanomaHid, AOMIIIKHA
C — makmitakcen C, nomimku D — 7-emi-nieanomanin
ta jgomimku E — 7-emi-nakmitakcen. CympoBiiHi pevo-
BHHHU TMPEJCTABICHO 3aMillleHUMH TiedaoMaHiHAMH
abo MmakjiTakceIaMH -I1aleTHII-, aleThI- Ta 3 1HIINMH
MOIU(IKAIIIMH, SIKi YTBOPIOKOTBCS ITiJ] 9ac CHUHTE3Y
abo aerpajamii BUXIJHHX MOJeKyl. Hamu mpoBeneHO
HE ONHUCAHE B IOCTYIHIN JiTepaTypi eKCepuMEeHTAIbHE
JOCTIKeHHS cyOcTaHIii makiiTakceny merogom BEPX.
Komm’toTepHuit anami3 pe3yabTaTiB OCHIPKCHHS BUKO-
HYBaJIH 3a JoroMororo nporpamu OpenLab CDS.

Ymosu Xpomamoepagdysannsi: TeMIeparypa
kosoHkH — 35°C, moTik — 1,2 MiI/XB, 00’ €M 1HXKEKIIT —
20 Mk, yac xpomarorpadyBanHus — 76 xB. YO neTexTy-
BaHHsI BUKOHYBaJIU IIpU 227 HM.

i1 BUKOHAHHS aHali3y CyOCTaHIIii MakKIiTaKkcely
MeToioM BEPX 3ampOloOHOBaHO CKIIaJ pyXomux (has:
pyxoma gpaza A: anetoHiTpua R — Boga A1t Xxpomatorpa-
¢dysanns R, (2:3,V/V), pyxoma ¢aza B: auetoHitpun R.
Po3sBenenns pyxomux ¢a3 A ta B, a Takoxk, Tpaji€eHTH
IIPEACTaBICHO B Ta0MI. 1.

Po3unnn cyOcTanIii makiiTakceny (CTaHAapTHUH Ta
JOCII/DKYBaHHUH) TOTYBaIN y anleToHITpwiIi R 3 xonyen-
mpayisimu 1,2 me/mn ma 0,006 me/mn.

Memoouxa npucomyeanns unpobo8yeanoco po3-
yyuHy nopieranHs. Po3unHsIIM y aneToHITpuiIl ¢apma-
KOTICHHMI cranmapTHHi 3pasok JDY mnakmitakcemy
Ta (QapMakonelHni craHmapTHUl 3pazok DY mnakii-

®diroTepanis. Yaconuc

TaKCeNly CyNpOBiTHOI AOMIMKH B 3 KOHIEHTpalisMu
1,2 mr/mit ta 0,006 Mr/mi1, BiIOBIAHO.

Memoouxa npucomysanus Gunpo608y8anoco po3-
yyny. POSUMHSIN y alleTOHITPIITI CyOCTAHIIIO TAKIIiTaK-
cenry y KOoHIeHTparii 1,2 Mr/mi.

[Tin yac mOCiKeHHSI CTaHIAPTHOTO 3pa3Ky IMaKJIi-
Takcely Ta CTaHJApTHOTO 3pa3Ky crenugikoBaHOl
JoMimku B orpumano Taki pesynasrati (Tadm. 2).

Ha puc. 1 mnpeacraBmeno xpomarorpamy CTaH-
JTAPTHHUX 3pa3KiB cyOcranmii MaKJIiTakcemy
(Rt=19,745 xB) Ta cnenudiKoBaHOi JOMIIIKA

B — 10-geanernn-7-emi-nmakmitakcen (Rt=16,010 xB),
oTpuMany metonioMm BEPX

Tabmung 1
I'panienTn

Yac |Pyxoma ¢a3a A (% 06/06) | Pyxoma pa3za B (% 06/00)
0 100 0
26 100 0
66 17 83
67 100 0
75 100 0

Tabnus 2
XpomarorpadiyHi XapaKTepuCTUKH CTAHIAPTHUX
3pa3kiB nmakJjiTakcemny
Ta cneuudikoBanoi fomimku B (BEPX)

CrangapHuii po3unH
Jomimka B TMakmiTakces R
(>1.2)

RT Area RT Area

16,010 42,730 19,745 | 18784,383 4,0

16,018 42,962 19,757 | 18802,191 4,0

16,026 42,770 19,767 | 18817,055 4,0

16,034 42,863 19,776 | 18814,965 4,0

16,045 42,691 19,787 | 18837,192 4,0

16,051 42,875 19,795 | 18847,305 4,0

Cepenne 16,031 42,815 19,771 | 18817,182 4,0
SD 0,016 0,102 0,019 22,861
RSD(<2.0%) 0,10% 0,24% 0,09% 0,12%

Mpumitkn: — RT —gac yrpumyBaHHS; — Area — IIOIIHHA Ky,
— R — xoedimieHT crOBITPHEHHS, YaCTKa aHANITY B pyXoMili ¢a3i;

— SD - cranmaptHe BigxunenHs; — RSD — BimHOCHE
CTaHJAPTHE BIIXMJICHHS IUIOII MKy aHAIITY SIK KPUTEPII0

Ilix yac pocmimxeHHs merogoM BEPX HamaHoro
3paska cyOcTaHIlii MmakjiTakceny y il ckiiaai BUSBJICHO
YOTUPHU JOMIIIKH CYMyTHIX peuoBHH: [omiwka baxka-
mun I, Jlomiwxa Emunosuii emep, Jomiwxa 10-/ea-
yemun-naxkaimaxcen, /Jomiwika 7-Eni-naxiaimaxcen; Tpu
HecnerudikoBani gomimku: Jomiwka 1, JJomiwka 11,
Jlomiwxa III (Tabm. 3).
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Puc. 1. XpomaTorpama cTaHIapTHOI0 3pa3Ky
nakjairakceny (Rt=19,745 xB) Ta gomimku
B —10-geanerni-7-eni-nakiairaxcenay (Rt=16,010 xB)

Puc. 2. Xpomarorpama BHIIPOOYBaJIBHOI CYOCTaHIIIi
nakiirakceny (Rt=21,245 xB) 3 nominrkamu: bakkarun 111
(Rt=4,047 xB), Etunosuii erep (Rt=4,474 xB), 10-/lea-
nermi-makiitakcen (Rt=12,411 xB), 7-Emi-makmitax-

cen (Rt=35,159 xB); Hecnenn@piKoBaHUMH JIOMIIIKAMH:
I (Rt=9,905 xB), II (Rt=23,067 xB), III (Rt=37,933 xB)

W ey v v v

2 4 0 B 012000 182022342038 30 00 MM M L0 A7 44 40 48 30 57 54 50 58 00 62 04 00 68 TO VI T4 TO
Tiva [mind

Ha puc. 2 npencrasjieHO XpoMaTorpamy
JOCTIIKYBAHOT0 3pa3Ky cy0cTaHIil makjiTakcenay
(Rt=21,245 xB) 3i cnenudikoBannMmn
Ta HecnenugikoBaHNMU TOMilIKAMM

BucHoBkHu

Metox BEPX nocigae Ba/ianBe micie JJas J0CTi-
JAKeHHs1 AKOCTI hapMaleBTHYHIX KOMIIO3ULIH Ta Ma€
3HAYHI MepeBarn Haj iHIIMMH IHCTPYMEHTAJIbHUMU
MeTOaMH: TOYHICThb, MIBUAKICTb, peTeJbHICTh aHa-
aizy. Hamu ajganToBano ymMoBU XpoMatorpadiuHoro
AocizkeHHss MeTogoM BEPX cyGcraHuii nmakiirak-
ceiy, a came: moaudikoBano pyxomi ¢azu ta cmi-
BilHOIIEHHsl PO3YMHHMKIB: ¢paza A — auNeTOHITPHI
R-BogansaxpomarorpapysanusaR,(2:3,V/V), hazaB—
alleTOHITPUJI R; yI0CKOHAJIEHO TA AIANITOBAHO METOIMKHU
JAOCJIIIKEHHSI 3 BUKOPUCTAHHAM 0a30BMX METOIMK sl
PX 3a Eur.Ph. 3 BHKOpHUCTAHHAM Yy [JOCJIIKEHHSIX
cranaapTHux 3pa3kis [IDY, a came, migidpano konyen-
mpauyii po3uunie 3paskie — 1,2 mz/mn ma 0,006 ma/mn.
Busiieno, mo BUNpPoOyBajbHMII 3pa30K cyOCTaH-
nii makJirakcesly MicTUTh He periiameHToBaHi Eur.
Ph. cynyTHi peuoBunu — HecnenudikoBaHi qominrkm,
iTeHTH(}iKALII0 IKUX He BAAJIOCH peaJii3yBaTH MeTo-
aoM PX. OrpumaHi pe3ybTaTH /103BOJISIOTH 3p00OUTH
BHCHOBOK 111010 CTYIICHIO OYUCTKH cyOcTaHuil maki-
TaKceJIy Ta FOTOBHOCTI il BUKOPHCTAHHS JIJIsI OAJIb-
IIHX TEXHOJIOTIYHUX MPoueayp. 3aBAAKHU eKCriepUMEeH-
TAJILHOMY J0CTi:KeHHI0 MeTonoM BEPX cyOcTanmii
MAKJITAKCeJly — PeYOBHHM CKJIATHOI MOJIIUKJIIYHOL
CTPYKTYPH, MOJIEKYJIA SIKOI Y Yaci mocTiiiHO mpuiimae
TayroMepHi Moaudikanii, 3HalineHo 3 Hecnenudiko-
BaHi JIOMIIIIKH, SIKi, TOCUTh, BA’KKO BUSIBJISIIOTHCSI IPU
PX, 110 Bka3ye Ha HaraJibHy noTpe0dy y iMmniemeHTamnii
MeTony BEPX sik BUCOKO CeJIEKTUBHOIO Ta BUCOKOTEX-
HOJIOTiYHOTO METOAY Y NMPAKTUKY (hapMaleBTUYHOIO
aHaJIi3y TaKkcaHiB, OCKUJILKH BHCOKA AKiCTh CyOCTaH-
uii Ta JikapcbKoro 3aco0y € rapaHTiero e)eKTHBHOIO
i ycninmHoro JikyBaHHSI MalieHTA.

Tabmnus 3
XpomaTtorpagivyHi XapaKTepUCTHKU BUMPOOYBAJBLHOTO0 3pa3Ky CyOCTAHINI MaKIiTaKCeTy
3pa3sok
Gaxkarun 111 eTHJI0BHii edip 6.71. aomimka 1 10-neauerua-
nakJirakces
RT Area RT Area RT Area RT Area
4,048 51,341 4,477 34,104 9,910 10,934 12,427 15,216
4,047 51,710 4,474 34,389 9,905 10,506 12,411 15,171
4,042 51,261 4,470 34,052 9,892 10,252 12,399 15,178
Cepenne 4,046 51,437 4,474 34,182 9,902 10,564 12,412 15,188
MaKJIiTaKces JIoMiIKa 2 7-emninakiiTakcen noMimmka 3
RT Area RT Area RT Area RT Area
21,292 19308,740 23,115 25,871 35,203 14,744 37,945 43,506
21,245 19459,273 23,067 26,907 35,159 16,751 37,933 46,335
21,209 19341,489 23,048 27,637 35,119 15,700 37,867 45811
Cepenne 21,249 19369,834 23,077 26,805 35,160 15,732 37,915 45217
[pumitka: X' — cepedne 3nauenns
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BUBYEHHSA MOJI®PEHOJBHOI'O CKJAJY EKCTPAKTIB JIUCTS M’AATU MEPIIEBOI
(MENTHAE PIPERITAE FOLIUM), ONEPJ KAHUX EKCTPATEHTAMM PI3HOI TOJIIPHOCTI

Axmyanvuicme. [Ipenapamu aucms m’ssmu nepyegoi € Wupoxo i0oMUMU CE0IM 3ACMOCY8AHHAM Y c8imositl meouyuni. Ilonige-
HONbHI CNONYKU, XApaKmepHi 01 M sAmiu nepyesoi, € nepcnekmusHuM 00 €kmom 00CTIOHCeHHA 3 N02nA0Y iX 8i0oMoi hapmaronoeiunoi
0ii. Tomy 6ueueHHs: 3aNeHCHOCME IX YMICIMY 8 eKCMPAaKkmi 6i0 MexHONO2IYHUX YMO8 dacmb 3mozy ooepacysamu ADI 3 npocno306anoio
hapmaxono2iuHow aKmuHICIIO Ma BUSHAYEHUM NPOPLIEM AKOCTI.

Mema 0ocnidxcenns — Busnauumu onmumanvhi yMosu eKCmpazy8ants AK Kuo4o6oi cmadii npoyecy ooepacanta APl ma oocni-
Oumu AKICHULL CKIIAO eKCMPAKMIé M 'simu nepye6oi 00epicanux eKkCmpaseHmamu pizHoi noJIspHOCmi 6 OUHAMIYL 3MIHU CNIBGIOHOWEHHS
«cuposuna:excmpaxkmy (DER).

Mamepianu i memoou. 3pasku ekcmpaxmis 00epiHcy8anu WIAXOM eKCMPAZy8aHHs CUPOBUHU M AMU nepyesoi Memooom Ginempa-
yitnoi excmpakyii. Ak excmpazenmu suxopucmogysanu 93%, 70%, 40% posuunu emarnony (00.) ma 600y ouuwgery. Y 6cix spaskax
BUBHAUANU CYXULL 3ATUUOK MA BMICI NONIPEHONLHUX CHOTYK MeMOOOM MOHKOUAPOBOi xpomamozpagii.

Pezynomamu docnioxncennn. Y spaskax ekcmpaxmis 0yno i0eHmu@ikoeano pymun, 2ineposuo, Keepyemut, Kagosy ma Xiopoze-
HO8Y Kucromu. Pi3na iHmeHcusHicmy aHamimuyHux MapKepie ma OUHAMIKA 3MIHU CYXUX 3ATUWKIG VY OOCTIONCYBAHUX 3PAZKAX eKCMPAK-
mig ceiouams npo 6NaUG NOIAPHOCHI eKCIMpazeHmy Ha AKICHUL CK1ad ma uxio npodykmy. Hatibinow nepcnekmugHumu € ekcmpaxkmu,
o0eporcani 6 oianazoni xonyenmpayii emanony 40-70%. Ilpome icmomna pisnuys cyxux 3anUwiKis, aKa 6NIUBAE HA BUXIO KiHYeB020
npooyKmy, nompedye 000AmMKOBUX OOCTIONCEHb ONMUMATLHUX YM08 ompumants ADI.

Bucnosok. Memooom monxouiapogoi xpomamozpaii 0y10 00CaidxiceHo AKICHUL CKI1A0 eKCIMpaKmie ma 6CMaHo81eHO 3A1eAHCHICMb
egexmusHocmi excmpazyeanHs noNiQeHONbHHUX CROTYK 60 NONAPHOCII eKCmpazenmy ma 3Mity cnigeioHOUIeHHs «CUPOBUHA — eKCIp-
akmy. Ycmanosneno, o Haubinoll nepcneKmueHUMU 3 NO2IA0Y HA KOMROHEHMHULL CKAA0 Mda 6MICH CYX020 3AIUWKY € eKCIpPaKmi,
o0eparcani 6 dianazoni konyenmpayii emanony 40—70% ma cnigsionowenni DER 1:7-9. O0eporcani pesyiomamu 0adyms 3M02y 6U3HA-
YUmMu Yinbosull NPOQPinb AKOCMI eKCMPAaKmi6 3aeACHO Gi0 MEXHONOIYHUX YMOB IX OMPUMAHHSL.

Knrouosi cnosa: v’sima nepyeea, ekcmpaxm, ekcmpazenm, MOHKO-Uapoea Xxpomamozpagis, nonigpenonu, akmusHuii papmayes-
MUYHULL THepedieHm.
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STUDY OF POLYPHENOLS COMPOSITION IN PEPPERMINT LEAF EXTRACTS
(MENTHAE PIPERITAE FOLIUM) EXTRACTED BY SOLVENTS WITH DIFFERENT POLARITY

Actuality. Herbal preparations of peppermint leaves are widely known by their usage in world medicine. Polyphenolic compounds
of peppermint are perspective object of research due to their well-known pharmacological action Therefore, the study of the dependence
of their content in the preparation on process conditions will allow to get an API with a predicted pharmacological activity and a
defined quality profile.

The aim of research. To determine the optimal extraction conditions as a key stage of the APl manufacturing process and to
investigate the qualitative composition of peppermint extracts obtained by extraction solvents of different polarity in the dynamics of
changes drug extract ratio (DER).

Material and methods. Extract samples were obtained by extraction of peppermint leaves by the filter extraction method. As the
extraction solvents the 93%, 70%, 40% ethanol-water solutions (vol.) and purified water were used. For all samples the dry residue
and identification by TLC of polyphenolic compounds were performed.

Research results. Rutin, hyperoside, quercetin, caffeic and chlorogenic acids were identified in the extract samples. The different
rate of analytical markers and the changes in dry residues in the samples of extracts indicate the influence of the polarity of the
extractant on the qualitative composition and yield of the product. The most perspective in terms of quality compositions are extracts
obtained in the range of ethanol concentration of 40-70%. However, the significant difference in dry residues which affects the yield of
the final product requires additional research into the optimal conditions for obtaining of APL.

Conclusions. The qualitative characteristics of the extracts were investigated using the TLC method and the dependence of the
extraction efficiency of polyphenolic compounds on the polarity of the extractant and drug extract ratio were established. It was established
that the most promising in terms of composition and dry residue content were extracts obtained in the range of ethanol concentration

40-70% and DER 1:7-9. The obtained results allow to determine the target quality profile depending on the technological conditions.
Key words: peppermint, extract, extraction solvent, TLC, polyphenols, API.

Beryn. Akryanabnicts. Ilpemapatn mucts m’satu
MEPIEBOI € IMUPOKO BIJIOMHUMH CBOIM 3aCTOCYBAaHHSIM
y CBITOBIH MEIUIMHI 3aBISKH CBOIM CIIa3MOJIITHYHUM,
JKOBYOTIHHUM 1 BITPOTIHHUM BJIACTUBOCTSIM. Tpajuiliii-
HUMHU (HOpPMAMHU € HACTOMKH, PiJKi EKCTPAKTH Ta HACTOL
y CKJaJli MOHO- Ta KOMOIHOBaHMX POCIMHHHX JiKap-
cpkux 3ac06iB (EMA/HMPC/572705/2014).

XiMIYHUN CKJIAJ] JIUCTS M’SITH BapilOETHCS 3aJICIKHO
BiJI COPTY, ha3u PO3BUTKY POCIIMHHU, YMOB BUPOIITYBaHHSI
Ta MepepoOKu. Y KOMITO3UIIIi )KUPHUX KUCIOT HEMOJSP-
HOT JimigHOl ¢pakmii JOMiHy€ MaIbMITHHOBA KHCIIOTA
(16:0), ninonesa (18:2) ta minonenosa (18:3) kucnoru
(Mckay, 2006; Zhao 2022).

®rnaBoHoigHA (pakiis MpercTaBlieHa JIOTEOJIHOM
Ta HOro 7-TIIKO3WIOM, PYTHHOM, T€CIICPHIMHOM, epi-
OLIUTPUHOM Ta BHCOKOOKCHI'€HOBAaHMMHU (DIIaBOHAMH.
[HIII KOMITOHEHTH BKIIOYAIOTh (DEHOJIBHI KHCIIOTH
Ta HeBenuki Kinbkocti TpureprneHiB (ESCOP, 2003;
Mahendran 2020; Eftekhari 2021).

[omicheHoNbHI CHONYKHU, XapaKTepHi A1 M SITH Tieplie-
BO1, € TIEPCIICKTUBHAM 00’ €KTOM JIOCITiKEHHS, 3 OTJISIILY
Ha IXHIO (papMaKoJIOTiUHy aKTHBHICTh: aHTHOKCHIAHTHY,
MIPOTUBIPYCHY, IPOTH3AMIAIbHY, aHTHTIIEPTEH3UBHY TOIIIO.
(EMA/HMPC/522409/2013; Li 2017; Patrignani 2021).

CBO€r0 4eproro, KOMIIOHEHTHHUH CKITaJl 1 KiTbKiICHUH
YMICT MOJi()CHOMBHUX CIIOIYK B €KCTPAKTAX 3alIe)KaTh
BiJl yMOB X BHJIUIEHHS, 30KpeMa BiJl 3aCTOCOBAHOTO EKC-
tparenty (Dorman 2009; Barchan, 2014).

TakyM 4YWHOM, BUBYEHHS 3aJICKHOCTI iX SIKICHOTO
CKJIaly B EKCTpPakTi BiJ] TEXHOJOTIYHUX YMOB JacTb
3Mory ozepkyBaru ADI 3 MporHo30BaHOIO (hapMaKoIIo-
TYHOI0 aKTUBHICTIO Ta BU3HAYEHUM NPOPisIeM SIKOCTI.
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Mera pochaigkeHHss — BusHaunTH onTUMAalbHI
YMOBH CKCTparyBaHHs SK KIIOYOBOI CTaii Impoiecy
onepxanasg ADI Ta mocmiIuTH SKICHHHA CKIIaJT eKCTPaK-
TIB M’ATH NEPIEBOi OJCPIKAHIX CKCTPAreHTaMHU Pi3HOI
MOJISIPHOCTI B IMHAMIII 3MiHU CIIBBITHOIICHHS «CUPO-
BuHa:ekctpakT (DER).

Marepianu Ta MeToAM AOCHIM:KeHHsI. 3pa3Ku
EKCTPAKTIB OJICPIKYBAIIU IUIIXOM E€KCTParyBaHHS CHUPO-
BHUHU M SITH IIEPIIEBOT METOAOM (DITBTpaIliifHOT eKCTpaK-
uii B 7a00paTOPHOMY EKCTPAaKTOpi /O 3arajibHOTO
CIIBBITHOIIICHHS «CHpOBHHA — ekcTpakT» 1:10. Sk exc-
TpareHTH BUKOpUCTOBYBaiIu 93%, 70%, 40% po3uuHu
eraHony (00.) Ta Boxy ouunIeny. Bubpanuii psi mossip-
HOCTi 0a3yBaBCs Ha MPAKTHYHOMY 3aCTOCYBaHHI €KC-
TpareHTiB y MPOMHUCIOBOMY BUPOOHMITBI. [IpakTnyHe
3aCTOCYBAHHS OUTBII MOJNSPHUX PO3YMHHHKIB JUIS €KC-
TparyBaHHsS BHOPAaHOTO POCIMHHOTO 00’€KkTa (TeKcaH,
TOJIYOJI, IUXJIOPETaH, alleTOH) € HEITOUIIbHUM, 3 OIJISITY
Ha I1X TOKCHYHICTh, JIETKO3aMMUCTICTh, CKJIAZHOCTI
00Ky (y BUIaJKy IPEKYPCOPIB) Ta BAPTOCTI.

Etanon 93% (00.) BUKOPHCTOBYBaIN SIK HAHOUIBII
HETIOJSIPHUIA ~ EKCTPareHT y JJOCIIDKYBaHOMY — PsIIy
nomsipHocti. Konmentpamiss 93% (06.) Oyma BuOpana
3 OISy TEXHOJIOTIYHHX ACIIEKTiB, a came, e(PEKTUBHOTO
MTOBTOPHOTO BUKOPUCTAHHSI BIJITOHIB EKCTPAreHTy B MPO-
1IeCi KOHIIGHTPYBAaHHS OJICP>KAHUX BUTSATIB Y MEPCICKTHBI
onepxxandst ADI y popmi rycTux abo Cyxux eKCTpakTiB.
BukopucTaHHs BUIIUX KOHIEHTPAI €TaHONY € OUTBII
3aTpaTHUM, aJpKe TMOTpeOye MOCTIHHOTO JIOYKPITUICHHS
BiJITOHIB OLTBII KOHIICHTPOBAHUMH PO3YMHAMMU.

Eranon 70% Ta 40% (06.) Oyno BHOpaHO BHXO-
JITYM 3 TOTO, 110 TPAJULiiHI JiKapchKi 3aco0u y Gopmi
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HACTOMOK onepxkytoTh 45% abo 70% ertaHOIOM,
a eKCTparyBaHHS CHPOBHHU M’STH B TIPOLECi oaep-
KaHHS (PapMaKOTIEHOTO CYyXOro EeKCTPakTy TpOBO-
ISITh 13 BUKOpHCTaHHAM eTanony 30-50% (00.) (EMA/
HMPC/572705/2014; Ph. Eur. 2023).

Bonmuuii ekcTpareHT BHOpaHO SIK HAWOUTBIIN MOJISIp-
HUIl EKCTpareHT y JOCHI/PKyBAaHOMY DSy MOJSPHOCTI.
ExcTpaxiiiro BOTHUM €KCTPAreHTOM IIPOBOIMIIN 32 TEMITE-
parypu ekcTpakiiiinoro cepenosuiia 90°C. Bubip temre-
paTypH eKCTPaKIIIHOTO PO3UMHHIKA 0a3yBaBCs Ha «Tpa-
JMIIHHOMY 3aCTOCYBaHHI» mpemapariB M’sSTH y (opmi
YaiB (U1 IPUTOTYBaHHS BUKOPHCTOBYIOTH KHIUITTY BOAY )
Ta (hapMaKoNeitHOMY EKCTPaKTi, Jie IK EKCTPareHT CHPO-
BUHH M’SITH BHKOPHCTOBYIOTH BOIY IIPH TeMIIepaTypi He
memrre 60°C (EMA/HMPC/572705/2014; Ph. Eur. 2023).

ExcrparyBaHHS BOJHO-CIHPTOBHMH SKCTPareHTaMu
HPOBOJIMIN 32 KIMHAaTHOI TeMIepaTypH Ta ORHAKOBOI
IIBHKOCTI IIPOXOKEHHS eKCTPAreHTy Yepes3 Iap CUpo-
BUHU. SIK CHPOBHHY JUIsl €KCTparyBaHHS BUKOPHCTOBY-
BaJIM JIMCTSA M’ ATH IepiieBoi i3 BMicToM Boau 105,0 Mur/kr
NoZAPiOHEHI 10 cepelHboro po3Mipy 4yactok 0,5 MM Ta
nacumuoi ryctunu 0,188 r/em® (TOB «Cymuditopapma-
is» Ne cepii 0552.V.0490). 3pa3ku ekcTpakTy 30upanu
OKpeMO 3 KpPOKOM «cupoBuHa : ekcrpak™ (DER) 1:1.
VY BeixX 3paskax BH3HAUaJIM CyXHH 3alHIIOK Ta SIKiCHI
XapaKTEePUCTUKH.

BusHayeHHs1 BMICTY CYXOTO 3aJIMIIKY B 3pa3Kax pif-
KHX GKCTPaKTIB MPOBOAMIM 3TiHO 3 MeTonukow DY
2.8.16 (DY, 2015).

Po3paxyHOK yMICTy CYXOro 3aJMIIKy Mn % B OKPEMUX
MOPIISIX PIIKKX EKCTPAKTIB MPOBOIUITH 32 (DOPMYIIOH0:

m. x100

v, (1
J€ m — Maca CyXOro 3aJIMIIKy IICJIs BHCYLIyBaHHs
npoOH OKpeMOi Mopii piAKOro eKCTPaKTy, T;

V. — o6‘em mpobu 3 OKpemoi mopuii piaKoro
EKCTPAaKTY, MIL

OneprkaHi JaHi HaBeJIEHO B TAOJHIII.

SlkicHuii aHami3 OJIep KaHUX 3pa3KiB EKCTPAKTIB M’ SITH
noJisiraB B iieHTHdikanii IaBoHOIIIB Ta OpraHiYHUX KHC-
JIOT Y KOKHOMY 31 3pa3KiB eKCTpaKTiB. MeTonuKa BU3Ha-
4eHHA Oyi1a po3po0iieHa 3 ypaxyBaHHM ITiIXO/1iB, OTHCa-
HUX y MoHOrpadisx Ne 07/2017:0406 ta Ne 07/2017:2382
€Bporeiicekoi hapmakornei (Ph. Eur. 2023).

BurnpoOyBaHHs IPOBOAKIM METOJOM TOHKOILAPOBOL
xpomarorpadii:

Inacmunxa. TLC silica gel 60 MERCK KGaA.

MobinbHa daza: kucroma oymosa 1wooaua P — emu-
nayemam P — eexcan P (2:38:60 V/V/V)

Bincrans, Ky Mae mpoiTn pyxoma daza: 8 cM Bif
JiHiT cTapry.

BucymryBanHs: Ha MOBITpi.

BusiBieHHs: TUIACTHHKY IOMIIIATA Ha 5 XB 10
CYIMILHOT madw, MicHs Y0ro OONPUCKYBATH PO3UUHOM
Qugheninbopnoi kucromu aminoemunosum egpipom P
y Mmemawnoni P. Cymunu Ha TIOBITpI 1 TNeperismaiy
B Y®-cBiTial 3a JOBXKUHHU XBUIL 365 HM.

Posyunu nopienannsa. Po3uMHN TOPIBHSHHA HAaHO-
CWJIM Ha KOXKHY 3 IUIACTUHOK IOpsJ 13 BUIPOOOBYBa-
HUMH PO3YMHAMH B OJIHY TOYKY y BHUIJISIZI CMYTH, sIKa
no3HadeHa RS. SIk po3uuHH NOPIBHSHHS BHUKOPHUCTO-

@,

Tabmuns 1
Cyxuii 3a/141LI0K Ta po3paxoBaHi 00’€MH 3pa3KiB PiAKUX eKCTPAKTIB M’ATH,
10 HAHOCHJINCS Ha maacTHHKH aaa THIX
93% eTaHOJ 70 % eranoxa 40 % eTaHoJ Bona

= z 3 = 2 3 = 2 3 5 2 3
> = = g = = = = g = = = = g = = = = g =
= = > o = > o 5= > o 5= > o
g 8¢ - 8o - 8o =N - gz =
= c°\h QE?\ =2 Q:i = QE% °= QE%
o 5 = 23 = 5= =9 = 5= 23 = 5= 23 =
- 23 g £ " 28 E == 22 E e 23 E

z 5% 3’5 SEE 3’5 SEE 5‘5 ZEE

2 8= E 2 g% E 2 g=E g g§*E

‘S © E S © E ‘2 © E E © E

M M M M
1 0,29 31,4 1,84 20,0 3,30 5,0 5,52 5,0
2 0,91 10,0 2,39 15,4 3,83 4,3 6,08 4,5
3 1,00 9,1 2,52 14,6 3,74 4,4 5,14 5,4
4 0,94 9,7 2,57 14,3 3,55 4,6 3,49 8,0
5 0,78 11,7 2,47 14,9 3,07 54 2,23 12,4
6 0,91 10,0 2,19 16,8 2,23 7,4 1,31 21,0
7 0,94 9,7 1,66 22,2 1,61 10,2 0,72 38,3
8 0,88 10,3 1,46 25,2 0,95 17,4 0,40 40,0
9 0,85 10,7 1,11 33,2 0,66 25,0 0,25 40,0
10 0,61 15,0 0,81 45,4 0,50 33,0 0,17 40,0
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BYBaJll PO3YMHU TillEpPO3UJY, TECICPUIUHY, PYTHUHY,
JTFOTEONiH-7-O-TIIIOKO3HY, KUCIOTH KaBOBOI, KHCIOTH
XJIOPDOI'€HOBOI Ta KBEpIETHHY. Jl0AaTKOBO PO3UMHU
MOPIBHSHHS HAHOCHIIM Ha OKPEMY IDIACTHHKY 3 METOIO
O1IbII TOYHOT 1IeHTH(IKAII].

Bunpobosysani pozuunu. Slk BUpoOOBYBaHHI pO3-
YMH BUKOPHCTOBYBAJIN 3pa3Ky PiIKUX €KCTPAKTIB, OACP-
JKAHUX PI3HUMHU CKCTPareHTaMH B 3arajbHOMY CITiB-
BigHomenHi DER 1:10 Ta BimiOpanux i3 kpoxom 1:1.
Bunpo6oByBaHi po3UYMHM HAHOCHIJIM B PIBHUX KOHIICH-
Tpamisx. Po3paxyHok 00’eMy I HaHECEHHS OOdYmMC-
JroBaH 3a (HOPMYIIOK 2 IHAMBIIYaJIBHO JUISI KOXKHOTO
3 EKCTPAKTIB.

=St WA, @

ne: V,, — HeoOximHuii 00’eM 3pazka Ne N, sixkuii HeoO-
X1JTHO HAHECTH Ha TUIACTHHKY, MKJT;

w, — CyXUH 3aJIUIIOK Y 3pa3Ky, IKUIl HAHOCUBCS JIJIsI
BH3HAYCHHSI HEOOX1IHOTO 00’€My JUIsl ONTHMAJTBHOTO
po3ainenns, %;

Wn — cyXul 3aJIMLIOK y N 3pa3ky, %o;

V; — Heobxinnuil 06°eM 3paska Ui ONTHMAIBLHOTO
PO3IIJICHHS, MKII.

PesyabraTu gociigxeHHss Ta iX 00roBopeHHs.
Pioxuii excmpaxm m’samu (93% emanon). HeoOxinauit
00’€M Il ONTUMANBHOTO po3aiieHHs V, OyB Bu3HA-
genuid Ak 10 mMxn (o, = 0,91). O6’emu 11 HaHECEHHs
1HIIKX 3pa3KiB JaHOTO EKCTPAKTy 00YMCIIIOBaIM 3a Gop-
MyJIOI0 2 Ta HaBejeHi B Tabmuii. OxepkaHi XpoMaro-
rpamMu HaBeeHO Ha puc. 1 Ta 2.

Puc. 1. THIX pigkux eKCTPAaKTIB M’ ATH:
93% etanoa; DER 1:1-5

Ha xpomarorpamax iieHTi(iKoBaHO pyTHH (a), Tire-
po3un (b) XJIOpOreHoBy KHUCIOTY (C), KABOBY KHCIIOTY
(d) Ta kBepueTHH (e). Takok y BepXHiii YacTHHI Xpoma-
TOorpamMu Oyno iIeHTH(]IKOBaHO AEpUBATU XJIOPODIiB,
IUISIMH, SIKI MarOTh YepBOHY (uryopuciieHiro ().
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Puc. 2. THIX piakux ekcTpakTiB M’ SITH:
93% etanon; DER 1:6-10

Piokuii excmpaxm m’amu (70% emanon). HeoO-
XifHui 00°€M 1y ONTMMaIbHOro po3zineHHs V, Oy
Bu3Ha4YeHUH gk 20 Mxa (o, = 1,84). O6’emu 11 Haue-
CEHHS 1HIIUX 3pa3KiB JAHOTO €KCTPAKTy OOYMCIIOBAIIH
3a (popmysoro 2 Ta HaBeeHi B Tabmuii. OnepikaHi Xpo-
MaTorpaMH HaBeJIeHO Ha puc. 3 Ta 4.

Puc. 3. THIX pinkux ekcTpakTiB M’ SITH:
70% eranoua; DER 1:1-5

Ha xpomarorpamax iieHTHu(iKoBaHO pyTHH (a), Tirte-
po3un (b) XJIOpOreHOBY KUCIOTY (C), KaBOBY KHCIIOTY
(d) Ta kBepuieTrH (e). Takox y BepXHill 4acTHHI Xpoma-
TorpaMu Oyino iIeHTHU(IKOBAaHO AEpUBATH XJIOPO(DITiB,
TUTSIMH, SIKI MarOTh YepBOHY (uryopuctieHiito (f).

Puc. 4. THIX pigkuX eKCTPAKTIB M ATH:

70% etanoua; DER 1:6-10
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Pioxuii excmpaxm m’smu (40% emarnon). HeoO-
XITHAHA 00’€M JIJIST ONTHUMAJIBHOTO PO3IIJICHHS \A OyB
BU3Ha4YeHUH K 5 MKI (o, = 3,30). O6’emu 1ns HaHe-
CEHHSI 1HIMX 3pa3KiB JAHOTO €KCTPAKTY OOYHMCIIFOBAIH
3a opmysoro 2 Ta HaBezeHi B Tabnuii. Onepxani Xpo-
MaToTrpaMH HaBeJICHO Ha puc. 5 Ta 0.

Puc. 5. THIX pinkux ekcTpakTiB M’ SITH:
40% etanoa; DER 1:1-5

Ha xpomarorpamax ieHTr(ikoBaHO pyTHH (a), Tire-
po3un (b) xJIOporeHoBy KHUCIOTY (C), KABOBY KHCIIOTY
(d) Ta kBepueTuH (e). Takok y BepXHiii 4acTHHI Xpoma-
Torpamu i 3pa3kiB Ne Ne 7—10 Oyno igeHTH(iKOBaHO
CJIITU JIEPUBATIB XJIOPOQUTIB, TUISIMHU, SIKI MAKOTh JIETKY
YepBOHY (IIyOPUCIICHLIO.

Puc. 6. THIX pigkux eKCTPaKTIB M’ ATH:
40% etanoa; DER 1:6-10

Pioxuii excmpaxm m ’amu (600a). HeoOXinHuii 00’ emM
JUTSL ONITUMAJIBHOTO pO3/IiieHHs V| OyB BU3HAYECHHH K
5 Mxa (o, = 5,52). O6’emMu 171 HAHECEHHS 1HIIKX 3pas-
KiB JIaHOTO EKCTPaKTy oOuMciIroBan 3a (hopmynoro 2
Ta HaBeJleHl B TaOmui. Uepe3 HU3BKHHA BMICT CyXHUX
3aIUIIKIB y 3paszkax 8—10 ¢akTuuHuii 06’ €M HaHECEHHS
3pa3KiB Ha IIACTHHKY cTaHOBUB 40 MKI1. OfiepkaHi Xpo-
MaTorpaMM HaBEJIEHO Ha puc. 7 Ta 8.

®diroTepanis. Yaconuc

Puc. 7. THIX piakux ekcTpakTiB M’ITH: BO/A;
DER 1:1-5

Ha xpomarorpamax iieHTH(iKoBaHO pyTHH (a), TiIte-
po3un (b) XJIOpOreHOBY KHUCIOTY (C), KABOBY KHCIOTY
(d) Ta kBepuerun (e). JlepuBariB xysopodiniB He OyI0
11eHTU(}IKOBAHO B KOJAHOMY 3Pa3Ky.

Puc. 8. THIX pinkux ekcTpakTiB M’ITU: BO/A;
DER 1:6-10

Buxomsam 3 onmepKaHUX XpoMarorpam BHIIPOOOBY-
BaHUX PO3YMHIB EKCTPAKTIB, OJICPIKAHUX BIJMOBITHUMHU
EKCTpareHTaMu, MOKHa TOBOPHUTH TPO Te, IO 30ib-
IICHHSI TOJISIPHOCTI €KCTPAreHTy MPU3BOIUTD 10 301JTb-
IICHHs e()EKTUBHOCTI EKCTPaKIilii KaBOBOi KHCJIOTH,
KBEpLETUHY Ta TiNepo3uay. YMICT AaHUX (EHOIbHUX
CHOJIYK B €KCTpaKTax, oaepxaHux 93% eTaHonoM, Hux-
YHif, aHDK y PEIlTi JOCHIKYBaHUX EKCTPAKTiB, PO IO
CBIUUTH cj1a0Ka IHTEHCUBHICTD IUISIM 3a3HAYEHUX KOM-
TTOHEHTIB.

KoMmmoHeHTHWMIA CKITa]] i7IeHTH(IKOBaHUX (PEHOIBHUX
CIIOJIYK B €KCTPAKTaX, OJCPIKAHUX 13 BUKOPUCTAHHSIM SIK
exctpareHTiB 70%, 40% etaHoy Ta BOAM MaiiKe OHA-
KOBMIA 1 BIAPI3HAETHCS JIMLIE HASBHICTIO IUISIM, Xapak-
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TepHUX JUIsl epuBatiB xnopodiniB y 70% Ta 4acTKoBO
y 40% eTaHOJIbHUX €KCTPaKTax.

OnepkaHi pe3ylbTaTH y3rODKYHOThCS 3 JIOCHIKECH-
HSM BIUTHBY MOJISIPHOCTI €KCTPAreHTIB PSAy «TeKCaH —
JMXJIOPMETaH — METAHON — BOA, I¢ aBTOPH AIHIILTH BHC-
HOBKY, IO €(eKTHBHICTh EKCTparyBaHHS 3arajbHHX
(beHOITIB Y OEHAHHI 3 BUXOIOM €KCTPAKTY ITiIBUIITYETHCS
31 30UTBIIICHHSM MOJSIPHOCTI po3urHHKKa (Barchan, 2014).

InenTudikoBani momieHOIBHI CIIONYKH € XapakTep-
HUMH TS IPETapaTiB M’ ATH, OACPIKAHHUX Y 3a3HAYCHOMY
CTIEKTPI1 MOJSIPHOCTI €KCTPAreHTy, IO MiATBEPIKY€ETHCS
THIITUM JOCIIDKCHHSM, Jie 0yII0 OXapaKTepH30BaHO KOM-
MOHEHTHHI CKIIaJ MOTi(peHOTBHUX CHONYK Y 23 KoMep-
HidHUX 3pa3kax HacToiok M’ situ (Bodalska, 2020).

3rigo 3 MoHorpadiero €C, TpamumifHUMH poc-
JIMHHUMH JTIKAPCHKUMH 3ac00aMHU € 3aCO0M y BHUIVISI
Hactoiok (1:5; 45% abo 70% eranoxn (00)) abo poc-
nmuHHI 4yai. OjepkaHi pe3ylbTaTdH CBim4arh Npo Te, 0
criBBiiHONIEHHST «cupoBuHA — ekctpakTy (DER) 1:5,
3a3HauCHE JJIsI HACTOMOK, He 3a0e3leuye IMOBHOTY EKC-
TparyBaHHS POCIMHHOI CHPOBHHH B Jliala3oHi KOHIICH-
tpamii eraHony 40-70%. I1po 1e CBIAYUTH SIK SIKICHHH
CKJaj 3pa3KiB eKCTPAKTiB, TaK 1 AMHAMIKa MPHPOCTY
cyxoro 3anumky. KpurepieM e(pekTHBHOCTI MOXKHA BBa-
JKaTh BMICT CyXOTO 3aJIUIIKy B OKpeMo 3i0paHiii mop-
1ii ekcTpakTy He MeHme 1%. Amke came Takui yMmicT
CYXOT0 3aJMIIy 3a0e3nedye JOCTaTHIN BUXiJ MPOIYKTY
B IEpPEpaxyHKy Ha CyXy PEUOBHUHY, 1[0 BaXKJIIUBO B TIEp-
CTIEKTHUBI MOJAJBIIOTO OEPXKAHHS T'yCTOro abo Cyxoro
eKCTPaKTy 3 piIkoro BUTATY. Takum YuHOM, e(peKTHB-
HUMU ymMoBamu ekcrparyBaHHs 70% eranonom € DER

1:9, a excrparyBanus 40% eranonom — DER 1:7 na Big-
MIHY BiJl TPUIIITHOT HACTOWKH, OJICPKaHOT 31 CIIBBII-
HomeHHsiM 1:5 (EMA/HMPC/572705/2014).

OTxe, HaWOUTBII MEPCHEKTUBHUMH, 3 ONBIAY Ha
SKICHI CKJIIaJd, € EeKCTPaKTH, OJiepKaHi B Jliana3oHi
KoHIeHTpalii eranony 40-70% Ta CHiBBIIHOLICHHI
DER 1:7-9. ba 6inbmie, mKocmiaXyBaHHI €KCTpareHTH
€ KOMEpIHO JOCTYITHUMH, OC3IIEYHUMH Ta TEXHOJO-
riuHo edexTuBHUMHU. IIpoTe cyTTeBa pI3HMI CyXHX
3aJIMIIKIB, 10 BIUTUBA€ Ha BUXIJ KiHIIEBOTO IPOAYKTY,
notpelye JA0MaTKOBUX JTOCII/PKEHb JUHAMIKU MPOIECY
eKCTpaKIii. BaykmBuUM 3aBHaHHAM MMOJANBINUX TOCII-
JPKEHB TaKOK ITOCTAE BUBYEHHS 3aJI€KHOCTI KIJIBKICHOTO
BMICTY TIOJTI)EHOITIB BiJl YMOB €KCTparyBaHHSI.

BucHoBkH

IIpoBeneHo aoCTiTKeHHSI BIUIUBY MOJIAPHOCTI
eKCTpPareHTy Ha MoJIi()eHOJbHUH CKJIAJ eKCTPaKTIB
M’SITH mepueBoi. BuBueHo 3ajie:kHicTH ekcTpary-
BaHHSA ()JI1aBOHOINIB i eHOIKAPOOHOBUX KMCJIOT i3
CHPOBHMHHU BiJl 3MiHU CHiBBiIHOIIEHHS] «CHPOBHHA —
eKCTPAKT». Y NOCTKyBaHUX 3pa3kax ineHTHdiko-
BaHO: PYTHH, Iinepo3un/i, KBepueTHH, KABOBY Ta XJIO-
POreHOBY KHCJOTH. YCTAHOBJIEHO, IO HaiOiabII
NMepCcneKTUBHUMH, 3 ONISIAy HAa KOMIOHEHTHHH
CKJIQ/I TA BMICT CyX0ro 3aJIMIIKY, € eKCTPAKTH, 0/1ep-
JKaHi B Jiana3oni koHueHTpamii eranoxy 40-70% ta
y cniBBigHomenHi DER 1:7-9. Onep:kani pesynbraTn
Oy1yTh BHMKOPHUCTaHi /s BU3HAYEHHS IiJILOBOIO
npodimo saxocti APl Ta moganbmKX J0CTIIKEHD
ONTHMAJIBHUX YMOB OTPMMAHHSI POCJMHHMX Hpena-
partiB M’SITH NepLeBoi.
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INVESTIGATION ANTIMICROBIAL INTERACTION OF ARBUTIN AND ANTIBIOTICS
OF DIFFERENT GROUPS AGAINST GRAM-NEGATIVE BACTERIA STRAINS

Actuality. The basic therapy against microbial infections is application antibiotics. However, overuse of antibiotics has become the
major factor for the emergence and dissemination of multi-drug resistant strains.

The aim of the study was investigate in vitro and in silico antimicrobial interaction of arbutin and antibiotics of different group
against bacteria strains E. coli, P. aeruginosa, P. vulgaris.

Materials and methods. The molecular docking was performed using AutoDockTools 1.5.6; antimicrobial effects were evaluated
by the well method.
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Research results. It has established that only levofloxacin, clarithromycin, azithromycin and arbutin were highly selective inhibition
of all «targetedy antimicrobial mechanisms of gram-negative bacteria. Experimental results have shown that arbutin increased
antimicrobial activity of antibiotics against P. aeruginosa, E. coli, P. vulgaris.

Conclusion. The study has demonstrated that antimicrobial interaction mechanism of arbutin with antibiotics was based on
inhibition «targets», which were not covered by antimicrobial drugs. The highly effective antimicrobial drug against Gram-negative
strains can be only a complex of “classical’” antimicrobial drugs and herbal drug or dietary supplements based on extracts from
arbutin-containing medicinal plants such as lingonberry, bearberry and cranberry should be used in treatment therapies.

Key words: arbutin, Gram-negative strains, molecular docking, antimicrobial interection, antibiotics
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JOCJIIKEHHS AHTUMIKPOBHOI B3AEMO/II APBYTUHY TA AHTUBIOTHKIB
PI3BHUX I'PYI IPOTH IIITAMIB TPAMHETATUBHUX BAKTEPII

Axmyanvuicmo. Ocnosnolo mepaniero npomu MiKpooHux iHghexyiu € 3acmocysants anmubiomukie. OOHAK HAOMIpHE GUKOPU-
cmanHa aHmubiomMuKie cmano OCHOBHUM YUHHUKOM NOAGU MA NOWUPEHHS MYTbMUPE3UCTNIeHMHUX UMAMIE.
Mema 0ocnioxcennsn — susuents in vitro ma in silico aumumixpooHoi 63aemo0ii apoymumny ma anmubiomuxie pisHux epyn npomu

wmamie 6axmepiil E. coli, P. aeruginosa, P. vulgaris.

Mamepian i memoou. Monexynapnuii 0okine npogoouscsi 3a donomoeoio AutoDockTools 1.5.6; anmumixpobuny Oito oyintosanu

Memooom IYHKU.

Pesynomamu oocnioycenna. Yemanosneno, wo auuie 1€60QuoKcayut, Kiapumpomiyun, asumpomiyun i apoymun eUAIsAIU 6UCO-
KOCenekmugHe NPUSHiYenHs 6CIiX «YinbOBUX» AHMUMIKPOOHUX MeXanizmie epamnecamusnux b6axkmepiil. Pezynemamu excnepumenmis
NOKA3aU, WO apOYMUH NOCUTIOE AHMUMIKPOOHY akmusHicmy anmubdiomuxie npomu P. aeruginosa, E. coli, P. vulgaris.

Bucnosok. Jlocnioxcenns nokazano, wo Mexawizm npomumikpooHol 63aemooii apoymuny 3 aumubiomuxamu IPYHmMyemvCs Ha
ineibysanmi «miwieneiiy, ki He nionadanu nio 0ilo aHMuMIiKpoOHUX npenapamis. Bucokoegexmusnum aHmumixpoonum npenapamom
npomu epamHe2amueHUX Wmamie modice 6ymu auuie KOMIIEKe «KIACUNHUXY NPOMUMIKPOOHUX npenapamie ma ghimonpenapamu abo
oiemuuni 006a8KU HA OCHOBI eKCMPAKMIE apOYMUH-6MICHUX TIKAPCOKUX POCTUH, MAKUX AK OPYCHUYS, MYUHUYSL, HCYPABTUHA.

Kniouogi cnosa: apbymun, epamuecamugHi wmam, MOAEKyIAPHUL OOKiHe, AHMUMIKPOOHA 83AEMO0is, AHMUOIOMUKU.

Introduction. Actuality. Group of international
researches have been estimated global mortality associ-
ated with bacterial infections. They have analyzed 343
million individual patient records and pathogen isolates,
overall the researches have been estimated 13.7 million
infection-related deaths in 2019, with 7.7 million asso-
ciated with the 33 bacterial pathogens and 11 infectious
syndromes studied. These deaths made up 13.6% of
all global deaths and 56.2% of all sepsis-related deaths
in 2019. The all-age mortality rate was 99.6 deaths per
100,000 population. Of the investigated pathogens,
five — Staphylococcus aureus, Escherichia coli, Strepto-
coccus pneumoniae, Klebsiella pneumoniae, and Pseu-
domonas aeruginosa—accounted for 54.9% of the
7.7 million deaths, with S aureus associated with more
than 1.1 million deaths. S. aureus was the leading bac-
terial cause of death in 135 countries and was associated
with the most deaths in people over 15 years (940,000).
S pneumoniae was associated with the most deaths in chil-
dren under 5 years (225,000), while K. pneumoniae was
associated with the most newborn deaths (124,000). Sal-
monella enterica serovar Typhi was linked to the most
deaths in children ages 5 to 14 years (49,000). The study
notes that these estimates would put these infections
ahead of HIV, cancer, and self-harm as leading causes of
death globally in 2019 (Ikuta, 2019, pp. 1-9).

Antibiotic resistance is the property of microorgan-
isms to counteract the action of antimicrobial substances,
and this phenomenon is associated with antibiotics los-
ing their potency in inhibiting the growth of microor-
ganisms (Pulingam, 2022, p. 106103). According to the
2021 report of the Global Antimicrobial Resistance and
Use Surveillance System by the WHO, it was stated
that bacteria such as E. coli, S. aureus, Salmonella spp.,
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A. baumannii, and P. aeruginosa are most prone to devel-
oping antibiotic resistance (Ajulo, 2024, p. €0297921).
Treating infectious diseases caused by resistant bacteria
incurs high medical service costs. According to World
Bank data, by 2050, due to the development of antibi-
otic resistance, global capital could lose approximately
$300 billion to $1 trillion. Furthermore, studies have
shown that antibiotic resistance can lead to reduced
labor productivity, population numbers, and quality of
human capital, causing impoverishment in low— and
middle-income countries (Jonas, 2017, p. 174). Thus,
the search for new approaches to revive, implement, and
produce antibiotics that have lost their effectiveness is
currently crucial for the pharmaceutical industry and
medicine worldwide.

Before the creation and use of antibiotics, people
have applied drugs based on medicinal plants, such
as lingonberry (Vaccinium vitis-idaea L.), bearberry
(Arctostaphylos uva-ursi L.) and cranberry (Vaccinium
macrocarpon L.) to treat infectious diseases (Maslov,
2023, pp. 77-82). The above-mentioned plants are a rich
source of tannins, flavonoids, hydroxycinnamic acids
and hydroquinone derivatives (Zhou, 2019, p. 3303).
Arbutin is a main constituent among hydroquinone
derivatives, it a B-D-glucopyranoside of hydroquinone
presented in the medicinal plants of Ericaceous family
(Nahar, 2022, p. 8786). (fig.) The leaves of the mentioned
medicinal plants have been applied in folk medicine for
treatment urinary infection diseases as cystitis, pyelone-
phritis and glomerulonephritis. The antimicrobial mech-
anism of arbutin still have not investigated in all details
for today. However, recent research has shown that arb-
utin could destroy the bacterial membrane, influence of
intracellular substances affects synthesis of proteins and
inhibit DNA-gyrase (Ma, 2019, pp. 1291-1303).
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The aim of our study — to investigate in vitro and in
silico antimicrobial interaction of arbutin and antibiot-
ics of different group against bacteria strains E. coli, P.
aeruginosa, P. vulgaris.

Research materials and methods. Reagents

Arbutin (>98.0%) was purchased in Sigma Aldrich
Company, Lublin, Poland; clarithromycin (>98.0%); azith-
romycin (>98.0%); gentamycin (>98.0%); ciprofloxacin
(298.0%); levofloxacin (>98.0%); ceftriaxone (=98.0%);
chloramphenicol (=98.0%) were provided by pharmaceuti-
cal company «Astrapharm» Kiev, Ukraine; and by pharma-
ceutical company «Zdravopharmy, Kharkiv, Ukraine.

Test organisms

Museum strains of Escherichia coli ATCC 25922, Pro-
teus vulgaris NTCS 4636, Pseudomonas aeruginosa ATCC
27853 were used in accordance with the recommendations
for the assessment of antimicrobial activity of drugs».

Screening antimicrobial activity

The method of diffusion of the drug into agar carried
out using the method of «wells» (Maslov 2022; Voly-
anskiy, 2004). Table 1 shows interpretation criteria for
microbial sensitivity.

Molecular docking

A molecular docking study was conducted using
the tool known as AutoDockTools 1.5.6 (Morris, 2008,
pp. 1-9). The preparation of the protein involved an
optimization process, which included the removal of
water and other atoms, followed by the addition of a
polar hydrogen group. Autogrid was used to configure
the grid coordinates (X, Y, and Z) on the binding site.
Genetic algorithm parameters were applied for ligand
interaction, with 10 runs of this criterion.

Table 1
Interpretation criteria for microbial sensitivity

Microbial sensitivity Diameter of the growth retardation
zone, mm

High sensitivity >25

Sensitive 15-25

Low sensitivity 10-15

Not sensitivity <10

®diroTepanis. Yaconuc

The theoretical investigation of antimicrobial activity
against Gramm-negative strains was carried out against
following enzyme structures of P. aeruginosa: DNA-gy-
rase (PDB ID: 1K1J), DHFR (PDB ID: 1RX3), deacy-
telese (PDB ID: 3UHM). All structures were obtained
from PDB database (RCSB PDB). The resolution of
1KIJ was 2.30 A, 1RX3 — 2.20 A, 3UHM - 2.20 A,
1KZN —2.30 A, 3FRA — 2.35 A, 3UHM - 2.26 A. For
docking experiment protein structure is selected if res-
olution above 2 A. So, all mentioned proteins can be
used for the experiment. The ligand structures of arbutin
(CID_12303220), clarithromycin (CID_84029); azithro-
mycin (CID_447043); gentamycin (CID_3467); cipro-
floxacin (CID_2764); levofloxacin (CID 149096); cef-
triaxone (CID_5479530); chloramphenicol (CID_5959)
were obtained from PubChem database (PubChem). The
active site of the docking protein was identified utilizing
the Computed Atlas for Surface Topography of Proteins
(CASTp).

Research results and their discussion. A theoret-
ical investigation of the antimicrobial activity of the
arbutin and antibiotics were carried out using molec-
ular docking, in order to understand their promising
capabilities for suppressing the growth of Gram-nega-
tive strains of bacteria. The assessment the antimicro-
bial effect was conducted with 3 key enzymes of «first
line of defense» for Gram-negative strains: DNA-gy-
rase, DHFR, Deacytelese. A six groups of the most
applied antimicrobial drugs were chosen as standards
of comparison in theoretical study such as a group
of aminoglycosides (Gentamycin), fluoroquinolones
(Ciprofloxacin, Levofloxacin), B-lactames (Ceftriax-
one), amphenicols (Chloramphenicol), macrolides
(Clarithromycin, Azithromycin) and 5-nitroimidazole
drugs (Metronidazole, Ornidazole).

In the indexed scientific journals Scopus and Web
of Science, there are a large number of works with
molecular docking on the study of the pharmacolog-
ical activity of different groups of compounds. But,
the main problem of these studies is the lack of rating
assessment of the efficiency of binding of the ligand to
the active site. A number of scientific works have used
comparison standards, but in our view, this method is
not promising as since more than one standard may be
used for the enzyme protein being studied. Thus, this
method of assessment will lead to confusion in the data
among scientists. To understand the level of selectiv-
ity of inhibition of the studied substances to the active
centers of bacterial enzymes, we applied the following
classification of selectivity (Kondza, 2024, pp. 644):
IC50 < 0.001 mM (high selective); 0.05 > IC50 > 0.01
(medium selective); IC50 >0.05 mM (low selective).

Ne 3, 2024 185 ==




Bionoria. Papmauin

Molecular modeling of the identified compounds
was carried out with the active site of DNA-gyrase. The
active site was represented by the following amino acids:
Arg75, Lys102, Argl135, Asp80. Trp387, Lys109, Asp72
and Thr166. According to the results of the study and
conditional rating of selectivity, it was established that
clarithromycin, azithromycin, levofloxacine and arbutin
were high selective to the active site, whereas ciproflox-
acin, chloramphenicol was medium selective and orni-
dazole, ceftrioxane, metronidazole, gentamycine were
low selective (table 2).

The next enzyme that was studied was DHFR. The
active center of this enzyme was represented by the fol-
lowing amino acids: NADP, Tyr110, Asp30, I1e8, Phe34,
Ile104, Arg55, Arg60. According to the results shown in
table 3, the following compounds had high selectivity:
clarithromycin, azithromycin, levofloxacine and arbutin,
whereas ornidazole, metronidazole were low selective.

Molecular modeling of the studied compounds was
carried out with the active site of Deacytelese. The
active center was represented by the following amino
acids: Thr190, Lys238, Gly92. Phe191, Leul§, Ala206.

According to the results of the study and conditional
classification, it was established that clarithromycin,
azithromycin, levofloxacine and arbutin had the highest
selectivity, whereas ornidazole, metronidazole had the
lowest selectivity (table 4).

Further, all antibiotics and arbutin were conditionally
divided into two categories. The first category included
compounds that had a high selectivity for the active site,
and the second category included compounds that had
medium and low selectivity. This compound separation
approach was necessary to clearly identify compounds
that interact highly effectively with antimicrobial mech-
anisms and which compounds work below this level.
According to the results shown in Table 5, there was
only four compounds that inhibited all mechanisms
against Gram-negative strains — clarithromycin, azith-
romycin, levofloxacin, arbutin. The next antibiotic that
inhibit high selectively antibacterial mechanisms against
Gram-negative strains was ciprofloxacin. (Comparing
with antibiotics standards, arbutin were hit all «targets»
antibacterial mechanisms of the “first line of defense” of
Gram-negative bacteria (table 5).

Table 2

Results of molecular docking of the arbutin, and antimicrobials drug standards
with the DNA-gyrase structure of P. aeruginosa

. DNA-gyrase

e Ligand AGDbind? (kcal/mol) Ki® (mmol) Level of selectivity
1. Clarithromycin 0.00000001087 High selective

2. Azithromycin 0.00000061435 High selective

3. Levofloxacin 0.00042853 High selective

4. Arbutin 0.00093344 High selective

5. Ciprofloxacin 0.00123 Medium selective
6. Chloramphenicol 0.02114 Medium selective
7. Ornidazole 0.19214 Low selective

8. Ceftriaxone 0.41631 Low selective

9. Metronidazole 0.46734 Low selective

10. Gentamycin 1.03 Low selective

Note: a — free-binding energy; b — inhibition constant, IC50, mmol

Table 3

Results of molecular docking of the arbutin and antimicrobials drug standards
with the DHFR structure of P. aeruginosa

Ne Ligand DHFR
AGbind? (kcal/mol) Ki® (mmol) Level of selectivity

1. Clarithromycin 0.000000000504 High selective

2. Azithromycin 0.00000002336 High selective

3. Arbutin 0.00019023 High selective

4. Levofloxacin 0.00026376 High selective

5. Ciprofloxacin 0.00064808 High selective

6. Chloramphenicol -7.97 0.00143 Medium selective
7. Gentamycin -6.78 0.01073 Medium selective
8. Ceftriaxone -6.36 0.02164 Medium selective
9. Ornidazol 0.23625 Low selective

10. Metronidazole 0.72416 Low selective

Note: a — free-binding energy; b — inhibition constant, [C50, mmol
N 186 ®itorepanis. Yaconuc Ne 3, 2024
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In order to inhibit the growth of any bacteria, you
need to effectively influence 3 main mechanisms: DNA
gyrase, DHFR and inhibition of membrane formation.
DNA gyrase is an enzyme responsible for the temporary
division of bacterial DNA into two strands, subsequently
the replication stage begins (Jadhav, 2017, pp. 1-9)). The
next important enzyme is DHFR; this enzyme is respon-
sible for the formation of folic acid, which is necessary
for the existence of bacteria (Mbarga, 2021; Rahman,
2020). One of the main defense mechanisms of any bac-
teria is its membrane, and gram-negative strains are no
exception to the rule. The membrane of gram-negative
bacteria contains a special liposaccharide that causes
an immune system response and fever. The enzyme
UDP-3-0O-(R-3-hydroxymyristoyl)-N-acetylglucosamine
deacetylase is responsible for the synthesis of liposaccha-
ride; this enzyme has no homologs in humans and mam-
mals and is present only in bacteria (Zuo, 2017; Bertonha,
2023). According to the results obtained, it was found that
only three out four of the investigated antibiotics and arb-
utin highly selectively inhibits all «targets» mechanisms
of antimicrobial action against Gram-negative strain.

In this research work, the antimicrobial activity of
the arbutin, antibiotics and their combination at one
concentration was investigated against the following
Gram-negative strains of P. aeruginosa, E. coli, P. vul-
garis. According to the obtained results, all Gramm-neg-
ative strains of bacteria were sensitive to the action of
arbutin.

All the studied antibiotics inhibited the growth of
P. aeruginosa, E. coli, and P. vulgaris. In studies of
combinations of arbutin and antibiotics at the same
molar concentration of 0.003 mM, an increase in the
antimicrobial activity of antibiotics was observed, rang-
ing from 3 to 35% against P. aeruginosa. The highest
increase in inhibitory activity was observed with orni-
dazole (+33%), metronidazole (+35%), clarithromy-
cin (+20%), and gentamicin (+17%). In studies of the
antimicrobial activity of combinations of arbutin with
antibiotics against E. coli, it was found that arbutin
enhanced the action of antibiotics by 3 to 37%. A signifi-
cant increase in antimicrobial activity was observed with
chloramphenicol (+37%), metronidazole (+35%), orni-
dazole (+30%), and ceftriaxone (+16%). In the case of

Table 4

Results of molecular docking of the arbutin and antimicrobials drug standards
with the deacytelese structure of P. aeruginosa

N Ligand Deacytelese
AGbind? (kcal/mol) Ki° (mmol) Level of selectivity

1. Azithromycin 0.000000051 High selective

2. Clarithromycin 0.000000057 High selective

3. Levofloxacin 0.00077565 High selective

4. Arbutin 0.00070067 High selective

5. Ciprofloxacin -7.51 0.00313 Medium selective
6. Chloramphenicol -7.19 0.00536 Medium selective
7. Gentamycin -7.45 0.00346 Medium selective
8. Ceftriaxone -6.09 0.03444 Medium selective
9. Ornidazole 0.12638 Low selective

10. Metronidazole 0.15555 Low selective

Note: a — free-binding energy; b — inhibition constant, IC50, mmol

Table 5
Schematic division of antimicrobial drug standards and arbutin in two categories
Gram-negative strains (P. aeruginosa, E. coli, P. vulgaris) Gram-negative strains
1 | Clarithromycin 3
2 | Chloramphenicol 0
3 | Ciprofloxacin 1
4 | Levofloxacin 3
5 |Ceftriaxone 0
6 | Metronidazole 0
7 Ornidazole 0
8 | Gentamycin 0
9 | Azithromycin 3
11 | Arbutin 3

Note: green colour — high level of selectivity; red colour — lower and medium of selectivity
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P. vulgaris, it was found that arbutin enhances the action
of antibiotics by 3 to 100% (table 6).

Our studies have shown that arbutin in combination
with “classical” antibiotics enhances the antimicrobial
effect against Gram-negative bacteria. This phenome-
non can be justified as follows: to suppress the growth
of bacteria, there are a number of key enzymes that are
important for the life and development of bacteria; in
turn, antibiotics are able to actively inhibit only part of
the mechanisms for which antibiotics are highly selec-
tive, while other “targets” remain in active states. When
arbutin is added, all enzymes are completely suppressed,
which ultimately leads to the death of bacteria. For
example, according to theoretical studies, gentamicin
is a moderately selective inhibitor in relation to DHFR,
and in the case of DNA gyrase and deacetylase, it is a
low-selective inhibitor, while arbutin is a highly selec-
tive inhibitor for DNA gyrase. In experimental studies,

antimicrobial activity was shown to increase by 17, 8 and
15% for P. aeruginosa, E. coli and P. vulgaris, respec-
tively. We can observe this dependence in the case of
other antibiotics in relation to Gram-negative bacteria.
However, it was found that the enhancement of anti-
microbial activity was not even higher than 10%. In our
opinion, this phenomenon is due to the fact that the antibi-
otic and arbutin have the same mechanisms of action and
their antimicrobial activity overlaps and does not have
such a high increase in effect as in the case of metroni-
dazole and ornidazole. We can substantiate this phenom-
enon using the example of levofloxacin. Both compounds
arbutin and levofloxacin are highly selective inhibitors of
all three “targets” of Gram-negative bacteria. Experimen-
tal studies showed that the enhancement effect was only 5,
6 and 3% relative to P. aeruginosa, E. coli and P. vulgaris,
respectively. However, clarithromycin is not subject to
this dependence; according to our theoretical studies, it

Table 6

Inhibition diameter (mm) resulting from the screening of antimicrobial effect against strains
of P. aeruginosa, E. coli and P. vulgaris by well diffusion method with arbutin, antibiotic standards

) Diameter of the growth retardation zone, mm+SD
Sample Concentration, . | Difference
mM P. aeruginosa | Difference,% E. coli Difference,% | P. vulgaris % ’
Arbutin 0.003 16.00+0.20 17.00+0.20 14.00
Clarithromycin 0.003 14.00+0.20 22.00+0.20 14.00+0.20
Arbutin® 0.003+0.003 | 18.00+0.20 +20% | 2600020 |  +12% | 19.004020 | +21%
Clarithromycin
Arbutin 0.003 16.00+0.20 17.00+0.20 14.00+0.20
Azithromycin 0.003 21.00+0.50 25.00+0.20 21.00+0.20
Arbutin+Azithromycin | 0.003+0.003 24.00+0.50 9% 27.00+0.20 +7% 23.00+0.20 +9%
Arbutin 0.003 16.00+0.20 17.00+0.20 14.00+0.20
Chloramphenicol 0.003 16.00+0.20 16.00+0.20 15.00+0.20
Arbutint . 0.003+0.003 17.50+0.50 +9% 26.00+0.20 +37% 19.0+0.200 +21%
Chloramphenicol
Arbutin 0.003 16.00+0.20 17.00+0.20 14.00+0.20
Ciprofloxacin 0.003 30.00+0.20 29.00+0.20 29.00+0.20
Arbutin+ Ciprofloxacin| 0.003+0.003 31.00+0.20 +3% 30.00+0.20 +3% 30.00+0.20 +3%
Arbutin 0.003 16.00+0.20 17.00+0.20 14.00+0.20
Levofloxacin 0.003 29.00+0.20 31.00+0.20 30.00+0.20
Arbutin+ Levofloxacin | 0.003+0.003 31.00+0.20 +5% 33.00+0.20 +6% 31.00+0.20 +3%
Arbutin 0.003 20.00+0.20 17.00+0.20 14.00+0.20
Ceftriaxone 0.003 30.00+0.20 27.00+0.20 24.00+0.20
Arbutin + Ceftriaxone 0.003+0.003 32.00+0.20 +6% 32.00+0.20 16% 30.00+0.20 +18%
Arbutin 0.003 16.00+0.20 17.00+ 13.00+0.20
Metronidazole 0.003 12.00+0.20 15.00+0.20 Growth
Arbutint 0.003+0.003 | 19.00+0.50 +35% | 24.00£020 |  +35% | 19.0040.20 | +100%
Metronidazole
Arbutin 0.003 16.00+0.20 17.00+0.20 14.00+0.20
Ornidazole 0.003 12.00+0.20 16.00+0.20 Growth
Arbutin+ Ornidazole 0.003+0.003 18.00+0.20 +33% 23.00+0.20 +30% 19.00+0.20 +100%
Arbutin 0.003 16.00+0.20 17.00+0.20 14.00+0.20
Gentamycin 0.003 26.00+0.20 27.00+0.20 26.00+0.20
Arbutin+ Gentamycin 0.003+0.003 32.00+0.20 +17% 30.00+0.20 +8% 31.00+0.20 +15%
Note: SD — standard deviation, n=3
= 188 ®itorepanis. Yaconuc Ne 3, 2024
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was shown that clarithromycin is the leader among highly
selective inhibitors; if arbutin is added, the antimicrobial
effect of clarithromycin against Gram-negative bacteria
increases from 12 to 21%. We hypothesize that this is due
to the fact that arbutin is a highly selective inhibitor of
another mechanism that clarithromycin cannot actively
inhibit, for example, the 50S ribosomal subunit.

This method of interaction can be used to “bring back
to life” antimicrobial drugs that have lost their effective-
ness for today. Because the creation and development
of new antibiotics is a time-consuming and expensive
investment. In addition to the above, we would like to
note that arbutin, when compared with other antibiotics
such as metronidazole, ornidazole, gentamicin, ceftriax-
one, has minimal side effects. High doses of arbutin are
not possessed nephrotoxicity, ototoxicity and hepatotox-
icity as antibiotics from the group of aminoglycosides,
cephalosporins and 5-nitroimidazoles.

Based on the above results, we can conclude that
in order to obtain a highly effective antimicrobial drug
against Gram-negative strains, a complex of “classical”

antimicrobial drugs and herbal drug or dietary supple-
ments based on extracts from arbutin-containing medic-
inal plants such as lingonberry, bearberry and cranberry
should be used in treatment therapies.

Conclusion

These investigation have shown that only levo-
floxacin, clarithromycin, azithromycin and arbu-
tin were highly selective inhibition of all «targeted»
antimicrobial mechanisms of gram-negative bacte-
ria. Experimental results have shown that arbutin
increased antimicrobial activity of antibiotics against
P. aeruginosa, E. coli, P. vulgaris. The study demon-
strated that interaction mechanism of arbutin was
based on inhibition «targets», which were not cov-
ered by antimicrobial drugs. The highly effective
antimicrobial drug against Gram-negative strains
can be only a complex of “classical” antimicrobial
drugs and herbal drug or dietary supplements based
on extracts from arbutin-containing medicinal plants
such as lingonberry, bearberry and cranberry should
be used in treatment therapies.
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TEPIIEHOBI CIIOJIYKH B TEPAIIEBTUYHOMY INOTEHUIAJII CANNABIS SATIVA L.
(OIJIA A JITEPATYPH)

Axmyansnicms. Buxopucmanns xanadicy 6 MeouuHux yinax weuoko nposaliCcyemvcs 8 bazamvox Kpainax i nepepocmac y écec-
BIMHIO THOYCMPIIO, 3A80AKU YOMY POUUPIOEMBCA KIAC MepanesmuyHux npooykmie 07 JiKY8aHHA | NPOQIIaKmuKu PisHUX 30X60-
prosans. €spona ompumana 0082004iKY8any MoHo2paghilo 3i cmanoapmy sSIKOCmi K8imoK KOHONJL, | 60HA HAOYBAE YUHHOCMI 3 TUNHS
2024 p. Cv0200Hi Onst Yrpainu, sika mae mpusani mpaouyii 6upousyeanHs KOHONEIb Oisi GUPOOHUYMEA MEKCIUTIO, CIAE MONCTUBUM
iHHOBaYIlIHE BUKOPUCIAHHS POCTUHU Y (DYHKYIOHAbHOMY XapuyeanHi ma papmayii. 3Hauna KinbKicmv 00Ci0#ceHb niomeepouna, o
C. sativa mae commui 8MOPUHHUX MemaboNimis, KIIOUAIOUU KaHAOIHOIOU, (henonvri cnonyku ma mepnenu. Pazom i3 kanabinoioamu
mepnenu GUAGIAIONb CUHEP2IuHY Oi10 | MOJICYNb HA0ABAMU HOBUX NEPCREKMUE W00 (imomepanesmuyHo20 NOMeHYiary poCIuHU.

Mema 0ocnidxcenna nongeac 6 ananizi cknady i mepanesmuurozo nomenyiany mepnenosux cnoayk Cannabis sativa L., ixuvoi
POl 8 NPoAsI NIKYSANbHUX 81ACMUBOCHEN NPEeNnapamis Ha 0CHO8I KaHaobicy.

Mamepian i memoou. O6’ekmom 00cniodNceHHs OYIa CMPYKMYyPHA MA DAapMakonoeiuna Xapakmepucmuka MOHOMEPHNEHOBUX
i ceckgimepnenosux cnonyk kamaoicy. Iowyx Haykosoeo mamepiany oyno 30ilicneno 6 PubMed i Web of Science, Oynu nepeenanymi
6I0N0GIOHI cmammi aHeNiticbKol0 MOBOIO 3a OCIMAHHI N ’siMb poKie. Buxopucmosysanu cucmemnuii nioxio, anaiiz ma y3aeaibHenHs
iHGhopmayii.

Pesynomamu oocniosycenna. Ilpoananizosano gapmarxonoziunuil npogine HencuxoaxmueHux Kamadoinoioie, aki Hazexcamv 00
KAACy mepneHoghenonis, HagedeHo iXHi cmpyKmypy i poib 6 eHOOKAHabiHOIOnIl cucmemi. Busueno cmpykmypy iemkux mepnemie ma
IXHI aHMUMIKDPOOHT 61aCmMuU80OCmI. YCmMaHno61eHO GIOMIHHOCTI MidC copmamu KaHaobicy 3a npoginem KOHKPEmHuX mepneHoeux Cnoyx.
JloknaoHo po3enaHymo mepnenoiou KoHonai. f-mipye, f-oyumen, o— i f-ninen, f-kapioghinen, eymynen, aKi RPUCymHi  ycix copmax
C. sativa, 3any4enux 00 UPOOHUYMBA OCHOBHO2O €6PONEIICLKO20 NOCMAYANbHUKA KaHaOIH0i0ie — komnanii Bedrocan. Haseoeno mexa-
Hizmu ix papmaronoziunoi 0ii, excnepumenmanbti i OOKAIHIUHT 6UNPOOYEAHHS MdA MEPANeGMUYHUL NOMEHYIA.

Bucnosok. Eghipna onia kanabicy € npoOykmom i3 8UCOKOI0 000AHO 8apmicmio ma nepcneKmueHUM MApKemuH208UM NOmeHyia-
JIOM, ajie uje Mano nPueepHyna yeazu 3 00Ky Haykogoi, meduunoi ma gapmayesmuunoi cninonomu €eponu ma Yipainu. Jocnioocenns
mepnenie epipnux onitl piznux copmie Cannabis sativa L. Modicyms cmamu 8axicauuM Hanpsimom 0Jis 6iOKpUmMmSs HOGUX K68, 30Kkpema
8 JIKY8aHHi 60110, apmepianvHoi 2inepmensii, HeUpONCUXiampuyHux i He8POLOIUHUX 3axX6oplosaHb. Pimocnonyku Kanabicy ma ix
630€MOOIL 6 OpeaAnizMI IOOUHU HAOAIOMb YHIKAIbHI MONCIUBOCT OJIs GIOKPUMMS HOBUX NEPCOHANIZ08AHUX MePanesmuyHux 3acoois,
OCKIbKU NeBHI copmu Kanaoicy IOPI3HAOMbCS 3a CKAAOOM MEPNEHIE I MONCYMb HA0asamu OLIbULY KOPUCHIb NPU KOHKPEMHUX KAIHIY-
Hux nokasauuax. Haseni oani ceiouams npo me, wjo mepneHu Modxcyms 3adesnedumu Gapmarkoniozivne ma gapmakomepanesmuyte
06IpyHmyeants apmayeemuynoco po3pobnenns i 3acmocy8anis 1iKkie Ha ocHosi kanabicy. 3anyuenns kanabicy y papmayeemuyne
PO3pOOIEHHSL nOmpebye 000AMKOB0I OYIHKU MEPNEeHO8UX NPOINI NIKAPCHKOL POCIUHHOI CUPOBUHY, OCKITbKU iT KOMNOHEHMHULL CKAA0
MOdICe 3HAUHO KOMUBAMUCD K 30 3A2ANbHOI0 KIILKICIIO, MAK i 3a AKICIMIO MepneHo8ux CROLYK.

Knrwouosi crosa: Cannabis sativa, kanabinoiou, mepnenu, egipui onii, mepanis.
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TERPENIC COMPOUNDS IN THE THERAPEUTIC POTENTIAL OF CANNABIS SATIVA L.
(LITERATURE REVIEW)

Actuality. The use of cannabis for medical purposes is rapidly being implemented in many countries and is growing into a
worldwide industry, thanks to which the class of therapeutic products for the treatment and prevention of various diseases is expanding.
Europe has received the long-awaited monograph on the quality standard of hemp flowers and it comes into force from July 2024.
Today, for Ukraine, which has a long tradition of growing hemp for the production of textiles, innovative use of the plant in functional
nutrition and pharmacy is becoming possible. A significant number of studies have confirmed that C. sativa has hundreds of secondary
metabolites, including cannabinoids, phenolic compounds, and terpenes. Together with cannabinoids, terpenes show a synergistic
effect and may provide new perspectives on the plant's phytotherapeutic potential.

The purpose of the study is to analyze the composition and therapeutic potential of terpene compounds of Cannabis sativa L., their
role in the manifestation of medicinal properties of cannabis-based preparations.

Material and methods. The object of the study was the structural and pharmacological characterization of monoterpene and
sesquiterpene compounds of cannabis. The search for scientific material was carried out in PubMed and Web of Science, relevant
articles in English for the last five years were reviewed. A systematic approach, analysis and generalization of information was used.

Research results. The pharmacological profile of non-psychoactive cannabinoids belonging to the class of terpenophenols is
analyzed, their structure and role in the endocannabinoid system is given. The structure of volatile terpenes and their antimicrobial
properties were studied. Differences between cannabis varieties have been established by the profile of specific terpene compounds.
Cannabis terpenoids. [-myrcene, p-ocimene, o— and B-pinene, p-caryophyllene, humulene, which are present in all varieties of C.
sativa involved in the production of the main European supplier of cannabinoids — Bedrocan company, are considered in detail.
Mechanisms of their pharmacological action, experimental and preclinical tests and therapeutic potential are presented.

Conclusion. Cannabis essential oil is a product with high added value and promising marketing potential, but has not yet attracted
much attention from the scientific, medical and pharmaceutical community of Europe and Ukraine. The study of terpenes of essential oils
of different varieties of Cannabis sativa L. can become an important direction for the discovery of new drugs, in particular in the treatment
of pain, arterial hypertension, neuropsychiatric and neurological diseases. Cannabis phytocompounds and their interactions in the human
body provide unique opportunities for the discovery of new personalized therapeutics, as certain cannabis strains differ in their terpene
composition and may provide greater benefit for specific clinical indications. Available evidence suggests that terpenes may provide a
pharmacological and pharmacotherapeutic rationale for the pharmaceutical development and use of cannabis-based drugs. Involvement
of cannabis in pharmaceutical development requires additional evaluation of the terpene profiles of medicinal plant raw materials, since
its component composition can vary significantly both in terms of the total amount and quality of terpene compounds.

Key words: Cannabis sativa, cannabinoids, terpenes, essential oils, therapy.

Beryn. AktyansHicTh. BukopucTaHHS KOHOIETH
nocigaux (Cannabis sativa L.) sik JikiB miATBEpIKEHO
HalcTapimow dapmakonieero y cBiTi «I[leH-11a0 131H»,
SIKY CKJIQJICHO B IIEPIIOMY CTOJITTI HAaIIOI €py Ha OCHOBI
YCHUX TpaJWIlid KUTalchbkoi Memuiuau. Ha Toit gac
MTOKa3aHHsIM JI0 JIIKyBaHHs KaHabicoM OyiH: peBMaTHU-
HUH OiJb, PO3NIAAH KIHOYOT PEMPOTYKTHBHOI CHCTEMH,
MaJIsIpis. Y IbOMY JOKYMEHTI TAaKOX yIIEpIIIe 3raly€e€ThCs
PO TICHXOAKTUBHI BIACTUBOCTI TpaBU KoHomexmb ( Sun,
2023). B Adpuni nounHatoun 3 XV CT. KOHOIUTI TaKOX
3aCTOCOBYBAJIM B JIIKYBaHHI MaJspii, IUXOMaHKH, 3apa-
JKEHHS KpOBi, CHOIPCHKOT BUPA3KH, aCTMH Ta AU3EHTEPIl
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(Belete et al., 2023). € moBiTOMJICHHS TIPO BXXHBAaHHS
tpasu C. sativa L. y momyaspHEX peniriiiHux putyatax
IILOTO PETiOHY, 3BIJIKH, SIK YBa)Ka€ThCsl, KaHAOIC 3ampo-
Ba/DKCHO B YIKHTOK SIK ICUXOCTUMYJITOP HAa AMepUKaH-
cpkuid KoHTHHEHT. B a1 me 1000 pokiB g0 Hamoi epu
BXKE€ BHKOPUCTOBYBAJHCS MPOTU3ANalbHI BIACTUBOCTI
POCIHMHU TIPH PEBMATH3Mi, 3aXBOPIOBAHHSIX JUXaTbHOL
Ta CEUO-CTATeBOI CUCTEM; aHTHOIOTUYHI BJACTUBOCTI —
Y 30BHIIIIHBOMY BUKOPUCTAHHI MPH JIIKYBaHHI1 MIKIPSHUX
iHdexmiii Ta Tyoepkynpo3i (Karki&Rangaswamy, 2023).

VY XIX cr. ipmanacekuit xipypr O'llloneci 3anposa-
JIUB 1HJIMChKUI KaHaOic y 3aximHy Menunmny. [Ipema-
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paru C. sativa, 3mebiibinoro y popmi eTaHOJIbHHUX HACTO-
SIHOK, Y TOM 4ac OyJi BKJIFOYCHI IO OCHOBHHX 3aXiTHHUX
(dapmaxorieit (Wilson et al., 2022). Iporsrom XIX crt.
noHa 280 BUPOOHUIITB MaJIM Y CBOTH JIHINII JiKapChKi
3aco0M 3 KoHOTenb. KoHBeHIIis Mpo 0OMeKeHHsS BUPOO-
HULTBA Ta PETYIIOBAHHS PO3IOBCIOKCHHSI HAPKOTHY-
HUX 3aco0iB, mianucana B JKenei 13 smmmus 1931 p.,
3HAQYHO 3HHW3WIA 3alliKaBJICHICTh  (papMalleBTHYHUX
BUPOOHUKIB ITi€I0 KylbTyporo. ChOTOIHI BHKOPUCTAHHS
KaHa0iCy B MEIWYHHX LUIIX IIBUIKO BIIPOBAIKYETHCS
B Oaratpox KpaiHax i mepepociio B YCECBITHIO IHAYCTPIlO,
IO PO3ILIMPIOE KIIAC TEPANCBTHYHUX MPOIYKTIB SIK JIIS
JIiKyBaHHS MATOJIOTTYHMX CTaHIB, Tak 1 JUIsd Mpodinak-
THKH 3aXBOPIOBAaHb. 332 JaHUMHU aHATi3y 3aKOHOIABCTBA
kpain €C ta CIA, npenapari kaHadicy 3apeecTpoBaHi
Ta JAO3BOJICHI 10 MEAUYHOTO 3aCTOCYBAHHS IPOTH OO0
1 cmasmiB, NP JIIKyBaHHI CMiNENCii, pPO3CITHOTO CKIIe-
po3y, MOOIYHKX e(eKTiB XimioTeparii paky, JJsl IiIBH-
IICHHS aleTUTy MpU aHopeKcii. €Bpoma oTpumaia A0B-
TOOYiKyBaHy MOHOrpadito 31 CTaHAapTy SIKOCTI MO0
KBITOK KOHOILNI, 1 BOHA HaOyBa€e YNHHOCTI 3 s 2024 p.
16 cepmas 2024 p. HaOyBac YMHHOCTI 3aKOH YKpaiHU
Big 21.12.2023 No 3528 «IIpo BHeCEHHS 3MiH JI0 JCSKUX
3aKOHIB YKpaiHH MIOJ0 AEPIKABHOTO PETYIIOBaHHS 00Iry
pocnuH pomy koHoruti (Cannabis) A BUKOPHUCTaHHS
y HAaBYAJILHUX I[IJISIX, OCBITHIH, HAYKOBIH Ta HAyKOBO-TEX-
HIYHIN AiSUTBHOCTI, BUPOOHUIITBA HAPKOTHYHHX 3ac00iB,
TICHXOTPOITHUX PEYOBHUH Ta JIIKAPCHKUX 3aCO0IB 13 METOIO
PO3IIMPEHHS JTOCTYITy TAIIEHTIB O HEOOXiTHOTO JIKY-
BaHHs. Tekct MoHorpadii €Bporeiicskoi (apmaromei
Oyrne BBeaeHo 1 1o Jlep:kaBHoi apmaxorei Ykpainu 2.7,
ToM 2. MoHorpadisi periaMeHTye BMICT TeTparijpoka-
Habinoiy (TI'K) i kanabigiony (KB/I). 3HauHa KUTBKICTb
JOCIIDKEHB i aTBepania, o C. sativa mae coTHi BropuH-
HUX METaOoIITIB, BKIIOYAOYM KaHAOIHOIMM, (EHONBHI
CIIONIKH Ta TepreHH. PazoM i3 kaHabiHOImaMH TEepIICHU
BUSIBIISIIOTH CHHEPTIUHY AiI0 i MOKYTh HAJaBaTH HOBHX
MEPCTICKTUB (DITOTEPAIIEBTUIHOMY MOTEHIIIATY POCIIHHU.

MeTta [AOCTiZKEHHSI TONIATaE B aHANI3l CKIamy
1 TepameBTUYHOTO IIOTEHINaly TEPICHOBUX CIOIYK
Cannabis sativa L., ixHpoi posi B nposiBi JIiKyBaJIbHUX
BJIACTHBOCTEH MpernapaTiB Ha OCHOBI KaHAOICy.

Marepianu Tta Metronu gociigxeHHs. O0’exTom
JOCITI/DKeHHsST Oysa CTPYKTypHa Ta (apMakoJoridHa
XapaKTEePUCTHKA MOHOTEPIICHOBHUX 1 CECKBITEPIIEHOBUX
cnonyk kanHabicy. ITomyk HaykoBoro marepiany Oys0
snificaeno B PubMed i Web of Science, Oynu nepers-
HYTI BIIMOBIIHI CTATTI aHIIIHCHKOK MOBOIO 332 OCTaHHI
I’SITh POKiB. BukoprcTOBYBanu cucTeMHMi MiAXija, aHa-
i3 Ta y3arajibHeHHS iH(popMallii.

PesyabTaTn gocaigkeHHsi Ta iX 0OroBOpeHHs.
[upokuii hapMakoJOTigHUN TPOQIIE HENCHXOAKTHB-
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HUX KaHaOIHOIMIB, SIKI HaJIeXKAaTh JI0 KJIAcy TepreHode-
HOJIB, POOUTH KOHOIUII NEPCIIEKTUBHUMHE JUISI ITOJalTh-
[IOr0 BUBYCHHS 1 MPOMHUCIIOBOIO BIIPOBAKCHHSL.
Kanab6iHoinu BKIHOUarOTh oHA 60 TepreHOPEHOIBHUX
CTOJIYK, YHIKQJIbHUX JUIS KaHa0ICy 1 BBaXKAOThCS XeMO-
TaKCOHOMIUHUMH Mapkepamu poay (Karki et al., 2023).
Cepen nux crnionyk kana6inion (KbJl) e naiibinbu mep-
CHIEKTUBHHM 13 (hapMarieBTUIHOTO oAy (puc. 1), BiH
BUSIBIISIE aHTHOKCHUAAHTHI, MPOTH3AINaNbHi, aHTHOAKTe-
piayibHi, aHTUOpONi(EepaTHBHI Ta HEHPONPOTEKTOPHI
BJIACTUBOCTI. Pa3oM 31 cBOIM IOMOJIOTOM KaHaOiiBa-
punom KB/l Takox BU3HaHHN e(EKTUBHUM MPOTHCYIO-
MHUM 3aco0oM. Kanabirepon i kanabixpomeH (puc. 1)
€ IHIIMMU KaHaOIHOIaMU, sIKI MOKHA 3HAWTH B )KIHOYNX
CYIBITTSAX KOHOIUI, 1 BOHH XapaKTEPU3YIOTHCS TyAOBOIO
aHTHOAKTEPiaJbHOK AaKTHUBHICTIO Pa3oM 13 MpOTH3a-
NaJbHAUMU Ta QaHTUIPOTi(hepaTUBHUMHE BIIACTHBOCTSIMH.

Kanabinisapun

Kanabixpomen Kanabinion Kanabirepon

Puc. 1. CtpykrypHi dpopmyiu
HEICHUX0AKTUBHUX KaHAOIHOIIB

3a ocTaHHI POKH IICIS BIIKPUTTS KaHAOIHOTTHHUX
perienTopiB hapMakomnorisi KaHaOiHOTIIB TocsATIIa 3HAYHUX
yemixiB. KaHaOiHOi/IHI perienTopy Ta iX eHI0reHHI JIiraH 1
HAJAl0Th Yy[AOBY IUIaTGOPMY [UISI BHBYCHHS Teparie-
BTU4HUX edekTiB Kanabinoinis. JloOpe Bimomo, mo CB,
i CB, € reTepOTpMMEPHIMH PELIENITOPAMH, TIOB'I3aHAMH 3
G -OiTKoM, 11110 BOHU 00H/IBa EKCIIPECYIOTHCS Ha Ieprdepii
iB [THC (Blebea et al., 2024). Onnak excripecis CB, nepe-
Ba)Ka€ B OCHOBHOMY B TOJIOBHOMY MO3KY Ta Tepudepud-
Hilf HEPBOBIH CHCTEMI, 1110 OXOILTIOE IHHEPBALIO TIEUiHKH,
MaTK{, TKaHWHM SI€YOK Ta IIATOBUIHOI 3aJI03H, TOI SIK
peuentopu CB, eKCIIPECYIOTHCS TEPEBAKHO B IMYHHHMX
KJIITHHAX, OCOOJIMBO B KJIITHHAX Makpodgaris, Ta B IUTYH-
KOBO-KMIIKOBiH cuctemi. OcHoBHa posb penenropis CB,
noyisirae 'y OJOKYBaHHI BHBUIBHCHHS HEHPOTPaHCMITEPIB
IUIAXOM 1HTIOyBaHHS TMOTEHIIAI-9yTINBUX KaJbIIEBUX
KaHaJIiB Ta aJieHiaTiuKIa3u. OKpeMi TOCHIHKSHHS ITOKa-
3aJd, 10 aKTHBAIliS MPECHHANTHIHOTO CB1 IIPU3BOAMTH
1o 3HWKeHHs Heiiporpancemicii (Hasckel Gewehr et al.,
2024). 3 inmoro 00Ky, Ha MOJEJSX 3alajlbHUX 3aXBOPHO-
BaHb y TBapuH HPOJEMOHCTPOBaHO, 1o penentopu CB,
KOHTPOMIOIOTh (DYHKIIT IMyHHHMX KJIITHH. 3amanbHa peak-
Iisl PO3BHMBAJIACh Y TBAPHH, Y SKUX BIJCYTHI PEIENTOPH
CB,, uepe3 30ubiIeHHs QyHKUii iMyHHUX KIiTHH. OTXKE,
BBEJICHHs arowicTis penentopis CB,, Takux sk A-9-TTK,
3maTHe mpurHidyBary 3ananeHss (Shan et al., 2024).
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Tepnienn kanabicy mpexactasneni monan 200 jer-
KHMH PEUOBHHAMH Y POCIMHAX KOHOMNEIb Pi3HUX TCHO-
THUIIB, Cepe]] HUX 0XapaKTePU30BaHO 58 MOHOTEPICHIB i
38 ceckBiTEpIICHIB, 1110 BXOATH 10 CKIIaay eipHUX Ok
KoHomens (Sommano et al., 2020). Haltnommupenimumu
MOHOTEPIICHOBUMH CIIOJIYKAMH € O-TIIHEeH, B-MipIlieH
1 0-TepIiHeH; OCHOBHI CECKBITEPIICHHU CYI[BITh KOHOTIENb
npeacTaBiieHi B-kapiodiJeHOM 1 0-TyMyJIeHOM (pHc. 2).
EdipHa omist BUpOOISETHCS B 3aJI03UCTHX TPUXOMAX, SIKI
pO3TalIOBaHi y BEJIMKIH KUIBKOCTI Ha JKIHOYMX CYI[BIT-
TAX, a TAKOXK y JUCTAX 1 cTeOnax, 1o MPUIArarTh 10
CYLBITH. YCsI pOCIIMHA MICTUTh MOHOTEPIICHU Ta CECKBI-
TEPIICHHU; Y KOPEHSX, BOJOKHUCTUX CTEeOaX Ta HACIHHI
BUSIBIICHO TaKOXX TUTEpIieHOBI crionyku (Weston-Green
et al., 2021). KanaGiHoinu He MarOTh 3amaxy, TOHI 5K
CIIOJTyKH MOHO- Ta CECKBITEPIICHOIJIB HAJAIOTh KaHa-
Oicy BHUpa3HOTro apomary. BaxximBo, 1o 4depe3 HHU3bKY
JeTroUicTh 1 HepozurHHicTh TT'K y BOfi HOro KOHIIEH-
Tpauis B eipHiif onii Haa3BUYANHO Maa.

KanaGinion KanaGirepon

Kauabixpomen

KanaGinisapun

Puc. 2. CrpykrypHi ¢popmy/iu OCHOBHHX TepPIHEHiB
CyUBITh KOHOTIEIb

Haiivacrinie JOCHITHUKK BKa3ylOTh Ha aHTUMi-
KpoOHY Hit0 edipHUX OJiil Ta IXHIX TEPIEHOBUX KOM-
MMOHEHTIB. AHTHOIOTMYHY aKTHUBHICTh yucTtoro KBJ|
1 OCHOBHHX TEpIICHIB, BUSBICHHUX B ¢(ipHii oii KOHO-
U1, TpeacTaBieHo B Tabn. 1, ajgantoBaHid 3a mep-
mromxepesiom (Iseppi et al., 2019).

3arajgoMm yci CHONYKHU: O-IHEH, B-MHEeH, B-MipIieH,
a-TeprineH, B-kapiodinen ta KbJl nposBusioTs aHTH-
OakTepiaibHy aKTHBHICTH MO0 PO3NISHYTHUX IITAMIB.
Bucoka antubiotnuna akTHBHICTH BUpaxeHa s KB/{
1 MOHOTepIieHIB (a-miHeH, B-miHeH 1 PB-MiplieH), oco-
onuBo mono mramis Listeria ta Enterococcus. Bumi 3a
3BUYaiiHi aHTuOioTHKi 3HaueHHs MIK 1o BiZHOIIEHHIO
no Staphylococcus i Bacillus matots yci crnonyku 3a
BHUHSATKOM O-IIHEHY Ta [-TiHEHY, fAKi MarTh HIKYI
sHaueHHss MIK, anix amokcunmiin mpotu B. cereus.
IHIIe JOCHiKEHHS TMOKa3ye BIIMIHHY aHTHOaKTepi-
albHY aKTHBHICTh €TaHOJBHHX EKCTPAKTiB KOHOIEINb
MPOTH TPAMIIO3UTHUBHHUX 1 TpaMHETaTHBHUX OakTepii
13 MHOKHHHOIO JTIKapCHKOIO CTIHKICTIO, & TAKOXK NMPOTH
MeTHIMITiHpe3ucTeHTHoro St. aureus (Malikova et al.,
2024). Omist HaciHHS KaHAOICy, sSIKa Ma€ TOMITHY aHTH-
Oakrepianbuy airo nporu B. subtilis i S. aureus, axrus
Ha i nporu Pseudomonas aeruginosa. Y nociimkeH-
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Ta6mmis 1
MiunimanbHa iHTi0y0ua KOHIEHTPAaIlist
(MIK) KB/l i ocHOBHMX TeplieHiB KOHONE/Ib
MOPIiBHAHO 3 aHTUOiOTUKAME (MT/MJT)
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Staphylococcus
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Listeria
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13932
Listeria
monocytogenesATCC | 1 |1 (05| 2 1| 2 |0,25
5008
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Enterococcus
hirae ATCC10541 2|1j2 8418 - 8
Bacillus subtilis ATCC
6633 88| 4 (32]16] 1| 2 -
Bacillus cereus EB
362 8211|248 2 -

Hsax Casillo et al. 2023 p. BomHI €KCTpaKTH HACiHHS
C. sativa 3Ha4HO MPUTHIYYBAIU YTBOPEHHS O10OILTiBKH
St. epidermidis (Casillo et al., 2023). V mesikux omy6iti-
KOBaHHX CTATTAX [TOBITOMIISIETHCS, 1110 €KCTPAKTH JIHCTS,
Hacinus ta creben C. indica mMaroTh 3HaYHY IPOTUTPHO-
koBy nmiro mpotu Aspergillus niger, As. parasiticus ta
Asp. oryzae (Monyela et al., 2024).

Hist TeprieroBux crnoiyk C. sativa He 0OMEKYEThCsE
MPOTHUMIKpOOHUMH BiacTUBocTsMU. Y 2011 p. Pyco
3aJJOKyMCHTYBaB YHIKAJIbHUN TEPANCBTUUHUA EPEKT
TEpPIICHIB KaHa0ICy — «eEeKT aHTypaxy», KoIu (iToKa-
HaO1HOTAHO-TEPIIEHOIIHA CHUHEPrisl MOCHUJIOBaNa JIKY-
BaHHS 0OJIt0, 3allaJieHHs, JIenpecii, TPUBOTH, CIIIeTCii,
paky Ta indekuiit (Russo, 2011).

OxkpiM TOTO, X04Ya pociuHa O(iliiHO Ha3uBa-
erbest Cannabis sativa L., cenekiioHepu MPOIOBKY-
I0Th BHBOJWUTH HOBiI coptH. [lomepenHi mocmimkeHHS
MoKa3aJiy, 110 COPTH KaHaOiCy 3HAYHO BiJIPi3HAIOTHCA
32 CBOIMH JIKYBaJbHHMH BIIACTUBOCTSMH, WMOBIPHO,
Yyepes CUHepriYHui a00 aHTaroHiICTUYHUH e(eKT pi3HUX
kaHaOiHO1miB 1 TeprieHiB (Li et al., 2022). Mu npoaHa-
Ji3yBalid TEPIIEHOBI Mpodisi, MpeacTaBIeHUX Ha CalTi,
MpOIyKTiB KommaHii Bedrocan — ocHOBHOTO BUpOOHMKA
KaHaOIHOIMIB, SIKMI [MOCTAYae CTaHAapTU30BAHMI KaHa-
0ic B antekn €Bpornu. Kommnasisi BUKOPUCTOBYE 1’ SITh
copriB xoHormut: Afina, Ludina, Elida, Talea i Rensina
3 pisauMm ymictoM TI'K i KBJI. 3BeneHwuii TeprieHOBHiA
CKJIaJl HaBeJleHO B Tal. 2.
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Cepen OCHOBHMX KOMIIOHEHTIB MOHOTEPIICHIB TIpeI-
CTaBJICHI 3-MipIIeH, IUC-OI[UMEH, 0— Ta B-TIiHEH Ta JINMO-
HeH. Tepren, skuii epeBaxae 3a KUIbKICTIO, € MipIIeH
(2-MeTHI-6-MeTHIIeH-0KTai€H-2,7), BIH Ma€ CTPYKTYPY
AIMKJIIYHOTO MOHOTEPIIEHOila 3 TpbOMa MOABIHHUMHU
3B’s13KaMU MK aroMaMu kapOony (puc. 2). Oxpim KaHa-
Oicy, MipueH y 3Ha49HIH KUTBKOCTI MICTHUTBCSA Yy XMei,
geOpelli, JaBpoBOMY JHCTI Ta MaHro. Lls cromyka mae
XMeJIEeBUH apoMar i3 (YHKIISIMH aHTHOKCHJAHTY Ta
anTukanneporeny (Shan et al., 2024). YV nokiinig-
HUX JOCIIKCHHSIX OYyJI0 BUSIBICHO, [0 BUKOPHCTAHHS
e(IpHHX O POCIUHHOTO TMOXO/UKEHHS, SKi MICTATh
6mu3pko 10% MmiplieHy, cipusiio 3HeOO0BaIBHIN, TPO-
THU3anaJIbHINA Ta cenatuBHIN aii. Bimomo, mo B-MipiieH
OPOSIBIISIE AHATIBICTUYHY Jif0, CTUMYIIIOIOYH BHBLIb-
HEHHS CHIOTCHHUX OITIOiiB Yepe3 MEXaHi3M, 3aJICIKHIH
Big o2-ampeHepridyHux perenrtopiB (Surendran et al.,
2021). Bruiue MiplieHy kaHabicy in vitro Ha apTpUTHI
JIFONICHKI XOHJPOIMTH TIPOSIBIISIBCS Y 3HMDKCHHI aKTHB-
HOCTI 1HAYIIMOEIBHOT CHHTAa3H OKCHIY a30Ty Ta Iepe-

pPHUBaHHI CHTHANBHOTO NUIAXY iHTepuneiikiny-1p, mpore,
MICIIeBa 1H’ €KIIis MipIICHY HABKOJIO apTPUTHOTO CyrIo0a
HE BIUIMBAJa Ha PiBHI IMUPKYIIOIOUNX IIMTOKIHIB Ta HE
MoJIeTIyBata KiIiHiYHI posiBu. CIijbHE BBEICHHS Mip-
ueny 3 KB/l He mano »omHOi cHHEpriyHOl peaxiiii, 1o
CBIJTYUTH TIPO BIACYTHICTh €(DEKTY aHTYPAKY MIXK IIUMH
neoma crionrykamu (McDougall et al., 2022).

Y BciX coprax KoHomedb KommaHii Bedrocan
MICTUTBCS [-OLMMEH, X04a BMICT CIIOTYKH MIX HUMH
3HAYHO BIJIPI3HAETHCS. BiH € OJHUM 13 HAUTIONIMPEHIIINX
MOHOTEPIEHIB, SKi 3yCTpidaioThCsl B mpupoxi. Haspy
CHOJIyKa OTpUMalla 3aBJSKW JIATHHCHKIM Ha3Bi 0a3u-
aika (Ocimum basilicum). Sk i mMipIieH, OIIUMEH TaKOX
BITHOCHUTBCS IO allMKIIYHUX MOHOTEPIICHOIIB, ae Ha
BiZIMiHy BCi HEHAaCHYEHi 3B’SI3KM Y HBOTO PO3TAIIOBaHI
B OCHOBHOMY JAHITIO’KKY. 3allaXx OLMMEHY CKIIaIHUH,
XapaKTepU3y€eThCS K KBITKOBO-IMMOHHWHU. Y Meand-
HIA OOTaHiIi BIJIOMI MPOTHUCYIOMHI BJIaCTHBOCTI pOC-
JIVH, SKiI MICTSTh 3HAUHy KUTbKicTh oruMeny (Russo et
al., 2017). MexaHi3MU BIUTMBY OIIMMEHY Ha O10XiMidHI

Tabmuig 2

IopiBHUILHUIT YMIiCT TEPIEHOBUX CHOIYK (MI/T) Y NPOAYKTAX Pi3HUX COPTIB KOHOMEb,
0 NpeAcTaBJeHi komnaHiero Bedrocan

Tepnenosi croayku Copm Cannabis sativa L./npogyxT
Afina/Bedrocan® | Ludina/ Bedrobinol® | Elida/Bediol® | Talea/Bedica® | Rensina/Bedrolite®
MoHoTepneHoian
1 |pB-mipuen 5,1 11,0 7,0 17 1,7
2 | B-oummen 4,0 0,6 0,6 2,5 0,28
3 | d-niMmonen 1,7 0,28 0,4 - 0,28
4 | Jlinamzoon 0,28 - - 0,8 -
5 |y-tepninen 0,28 - - - -
6 |o-TepriHeH 5,1 - 0,8 - 0,4
7 | Tepmineon - - 0,6 0,28 0,12
8 |a-denanapen 0,4 - - - -
9 | 4-3-carene 0,4 - - - -
10 | o-migen 0,8 2.5 0,8 4,0 0,4
11 |pB-mineH 1,7 0,8 0,4 1,0 0,4
12 | Kamdopa - - 0,28 - 0,28
13 | Bopueon 0,8 - - - -
14 | B-derxon 0,12 - - - -
CeckBiTeneHoian
1 | B-xapiodinen 1,7 1,2 0,8 1,7 0,8
2 | a-rymyseH 0,6 0,4 0,4 0,6 0,4
3 gggf:h'meﬂ 0.4 : 0.28 0.28 0,12
4 | a-rBaeH 0,4 - 0,4 - 0,12
5 ;gg‘:;g{ 0.4 - 0.4 0,12 0.4
6 |y—cemineH 0,6 0,28 0,4 0,4 -
7 |y-—xaniHeH 0.4 0.4 0,28 0,28 -
8 |y -eBmecmon - 0,12 - - -
9 | EBmecMmagien 0.4 0.4 - 0,8 -
10 |y —enemen 1,2 0,4 0,28 0,8 -
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MOKA3HUKH I¢ TIBKM BUBYAIOTHCS. B excmepumenti
y IIypiB, SKi OTPUMYBAJIN OIIMMEH, BUSBIISIIA BUCOKI
pieni D, penentopis nodaminy. 3611bUIEHHS KUTBKOCTI
OUX PELEeNTOPiB 3HWKYBAJO HAPKO3AICKHICTh CKCIIe-
PUMEHTAIBHUX TBAPHH, 3[IaTHUX CAMOCTIIHO BIKHUBATH
kokaiH (Linden et al., 2018). bioximiuHi TeCTH OKa3aJH,
IO IIyPH, SIKI OTPUMYBAJIH OIL[IMEH KaHa0iCy, MaJIi 3Ha-
YHE 3HMXKCHHS BMICTY aneTuixoiiHectepasu (AchE),
MiABUILEHHS KUTBKOCTI SIKOT €KCTIEPUMEHTAIbHO BUKJIIH-
KaJocsl BBEICHHSM TBapHHAM poTeHOHy. lledt edexr
MOKE MiHIMi3yBaTl KOTHITHBHY AWCQYHKIIO, CIIPHYH-
Heny iHToKcuKariero TTK. ¥V M0O3Ky ekcriepuMeHTalb-
HUX MOJENCH IIypiB, iHIYKOBAaHHX BHYTPIIIHHOBEH-
HOIO 1H €KI[IEF0 POTEHOHY B KOHIGHTpAIlil 2,5 MI/KT,
HiCIIsT BBEJCHHS OIMMEHY CIIOCTEPIragocs 3HMKCHHS
arperaiii 0-CHHYKJICiHy Tijenb JIeBl HEpBOBHX KJIITHH
(Sood & Vellapandian C., 2024). 3HmKkeHHs arperartii
O-CHHYKJICIHY CIIPHSE 3MEHIICHHIO KITBKOCTI MHMO-
BUTBHUX PyXiB npu XBopoOi [lapkincona.

BusiBiieHuii y BCix copTax KaHaOicy MiHEH Mae apo-
MaT COCHM Ta CMOJH i BIIOMHH y Teparii HpOCTyIHUX
3aXBOPIOBaHb SIK BiIXapKyBaJbHHH 3aci0, BHKOPHCTO-
BYETBCS JUISl 3HIKEHHS TPUBOTH 1 aempecii. Y mpuponi
ICHYIOTh TPH CTPYKTYPHI 130MEpH I[bOTO TEPICHY: O-,
B- ta 8- mineH. Lli MOHOTEpIEHN TaKOX € OCHOBHHMH
CKJIQTHUKAMH CKUITUIAPY, X 0araro B pOCIMHAX POAUHH
COCHOBI, y po3MapuHi (Rosmarinus officinalis) Ta naBani
(Lavandula angustifolia). biojoriyna akTHBHICTh TIHEHY
Bxe 1oope BuBueHa (Allenspach & Steuer, 2021). Jocmi-
JDKCHHSI TTIOKa3aJIH, [0 MIHEH 3aXHIIAE BiJl OKUCHIOBAITb-
HOTO CTpECY, 3amajeHHs Ta MOIIKOMKESHHS HEWPOHIB in
vitro. J{aHi TOKITIHIYHUX JOCIIKEHb HA TPU3YHAX CBIiJl-
4arTk Mpo Te, 110 [IHEeH Mae NpOTU3amajbHy 0 Ta 3aro-
0irae OKHCHIOBAJIFHOMY CTpECY, Ma€ aHTHUICIPECAHTHI,
AQHKCIOJIITHYHI Ta TMPOTUCYAOMHI BIACTHUBOCTI, 3a0e3me-
qy€e HEHPOIPOTEKIiI0 Y MOJCISIX IHCYJIBTY Ta iIiemil,
MOKpallye KOTHITUBHI (yHKIIi Ta 3abe3meuye 3HEOO0-
JeHHS TP 3alajbHOMY, aCOIIHOBAaHOMY 3 MITPEHHIO,
1 HeBpomaruuHoMy Oomo (Weston-Green et al., 2021).
MexaHi3Mu, sKi JieaTh B OCHOBI aHaire3ii, CHOpUYH-
HEHOI O-ITIHEHOM, OCTAaTOYHO He 3’sicoBaHi. o-IliHeH i
[-TIiHEH HEe MarOTh IMOMITHOT CITOPIAHEHOCTI 3B’ I3yBaHHS
3 peuentopamu CB, a6o CB,, ane MOXKyTb 3B’ 3yBaTUCs
3 TAMK, Ta p-omoizuumu penentopamu (Rahbar et
al., 2019). Cxoxe, 1o o-miHEH 1 B-MHEH MPUTHIYYIOTH
aktuBHICTH AChE B M0o3ky. ToMy MOXHA CTBEpIKYBaTH,
10 BOHH JIOTIOMAraroTh Mam’sTi 1 3HWKYIOTh KOTHITUBHY
muchyskiito. OKpeMi pe3yabTaTd J0Ka3yroTh, MO MiHEH
MO)Ke 3017BIIYBaTH BHPOOJICHHS KOPTHKAIBHOIO arle-
TUIIXOJIHY Ta 3HKIKYE arperarir i HeHWpPOTOKCUYHICTh
B- aminoimy, MO BayKJIMBO Yy 3B’SI3KYy 3 XBOPOOOIO AJIbII-
refimepa (Weston-Green et al., 2021).
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CeckBiTepreHOInHI CIOJIYKH IpOaHaIi3oBa-
HUX COpTIB KOHOIIETb MPEACTABICHI AIMKIIYHUMHA
(Tpanc-B-dapHe3eH), MOHOLUKIIYHAMH (Q-TYMYJICH,
TpaHc-OepraMoTeH, 7Yy -eJieMeH) 1 OIUKIIYHUMH
(B-xapiodineH, a-rBacH, Y-CEIiHEH, ¥ -KaJliHeH, Y -eBJIeC-
MOJI, eBlecMajieH) crnomykamu (tadm. 2). [pucyTHi
B YCIX cOpTax i mepeBa)aroTh 3a KIIbKICTIO B-Kapiodi-
JICH Ta 0-TYMYJICH. YMICT IIUX CIIONYK Y POCIIHHI 3HAYHO
KOJIMBAETHCS 3aJI€KHO Bif] heHOo(Da3u: 301IbIIy€eTHCS il
Yac IBITIHHS 1 pi3Ko 3HIKYeThes micist (Tremlova et al.,
2021). binukniuHuii CECKBITEPIEHOBUH aJKeH [ -Kapi-
odiieH 100pe BUBYCHUI 1 BUCOKO OI[IHEHHH 3a HOTO
HHU3BKY TOKCHYHICTH 1 3Ha4HUil mpodins Oesnexu. Lle
MepIINK rmepeBipeHuit GpiTokaHabiHOIM, SIKUI 3ycTpiva-
€ThCS Y POCIIMHAX, K1 HE HaJIeXKAaTh JI0 pOJY KaHHaOIC.
BiH € HalOLIBII TEPCHCKTHBHUM MPHUPOIHUM JIiraH-
nom CB, —penentopis, Ha sKi BiH Jli€ K NMOBHUH aro-
HicT. OKkpiM TOTO, B -KapiodisieH B3aEMOJIIE 3 IIUPOKUM
CIIEKTPOM MOJIEKYJ 1 PEIeNnTopiB, 10 MPU3BOTUTH 10
MPOTU3AATIBHOI, IPOTUITYXJIHHHOI 1 aHTHHOLUICTITUB-
HOI i1 y Pi3HUX eKCICPHUMEHTAIBHAX MOJEIISX 1 3aXBO-
proBanusx (Hashiesh et al., 2021; Liktor-Busa et al.,
2021; Ricardi et al., 2024), mo miakpecitoe Horo Tepa-
MIEBTHYHUI MTOTEHIIIAJ JIJIs JTIKYBaHHS 000, ienpecii Ta
Tpusoru. B -KapiogineH 3HIKYE eKCIPECito Ta MPOAYK-
IIF0 Mpo3anajbHUX IUTOKIHIB, Takux sk IL-1f , IL-6,
inTepnelrikin-8, TNF-o Ta minBuiiye piBeHb peHiHY Ta
AHTIOTEH3UHY 1-7, IO PEryIIOI0Th PO3IIUPEHHS CYIHH
Ta cnpustoTe Kapaionporekiii (Espinoza-Gutiérrez et
al., 2024). 11i pe3yasraTi BKa3yloTh Ha Te, 110 B-Kapi-
odineHn BIUIMBaE Ha PEHIH-aHTIOTCH3MHOBY CHUCTEMY
1 MOXke OyTH KOPUCHHM Y JIIKyBaHHI apTepiaibHOI Tirep-
Tensil. JlocmipkeHHS MPOTH3AmMaIbHUX BIACTHBOC-
tert Kb/ Ta B -kapiodineHy okpemMo i B KOMOiHaIlli Ha
MoOjIeNi 3amajeHHs in Vitro cBiguarh mpo Te, M0 BOHU
MPAIIOIOTh Y3TOMKEHO, CTBOPIOIOYH 3HAUHHIA MPOTH3a-
najpHui edekT i3 xopommmMu npodinamu Gesneku. Ix
KOMOIHAIliSI Ma€ CHHEPreTHUHY 3HEOOJOBAIBHY JIif0,
KOJIM OJTHA CHIOJTyKa IMiJICHITIOE Jito iHMIo1. Leit edekr He
3aJIeKMTh BiJl BILIMBY Ha penentopu CB,. 3a cymicHoro
BUKOPUCTAHHS CIONYK aHAIBICTHYHUNA €(EKT MMOETHY-
€ThCsl 3 MpoTH3anaibHow Jiero (Blanton et al., 2022;
Mazzantini et al., 2024).

MOHOUMKIIIYHANA CECKBITEPIEH 0 -TyMyJeH abo
o -KapiodilieH € OXHUM 13 HaWMOIIMPEHIMHNX Tep-
MEHIB y PI3HUX COpPTaxX KOHOMEJb, a TaKOX Yy XMei
(H. lupulus). OgHak KiIBKICTH IOCIHIKEHB, IO CTO-
CYIOTBCSl OYHIICHOTO TYMYJICHY, OOMEXeHa, OLIBIIICTh
MOCUIIAETHCSl HA BUKOPHCTAHHSA e(ipHMX OMiil pisHUX
BUJIB POCIIUH, y SKHX TYMYyJICH IPUCYTHINA y TIO€THAHHI
3 IHIIMMHU TepIICHAMH, TAKOXK cl1abo onmucaHo ioro dap-
makosorito. EkcriepumenTs in Vitro mpoieMoHCTpyBaTH
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[MUTOTOKCHUYHICTh TYMYJCHY MO0 aJCHOKApPIIMHOM,
TaKUX SIK KOJIOPEKTaJbHA, JICTCHEBA, MOJIOYHOI 3aJI03H,
IpPOCTAaTH, JICTCHIB 1 sieYHUKIB. [IpoTH3anansHa i IpoTH-
MyXJIMHHA aKTHBHICTH TYMYJICHY 3HAYHO ITiJIBUILY€THCS
y IpUCYTHOCTI [} -KapiodineHy. Po3yMiHHsS MexaHi3MiB
Jii BHSBHJIO HOTrO ydYacTh y MITOXOHJApIaNbHIA JHUC-
(yHKII1, 3HIKCHHI BHYTPIIIHBOKIITHHHOTO PiBHS TITy-
TaTioHy Ta 1HIYKIi1 okucHoro crpecy (Viveiros et al.,
2022; Dalavaye et al., 2024). OTxe, He0OXiHI peTebHi
(hapMaKOKIHETHYHI JTOCHI/PKEHHS Ta MOJAIbII JTOCITi-
JOKCHHSI MEXaHI3MiB Jii o -rymyneny, mo0 e(QeKTHBHO
PO3KPHUTH HOTO TeparieBTHYHAHN ITOTEHITia.

Psan tepmenis, y ToMy umcii MipreH, kapiodiiew,
MiHEH, TYMYJICH, JIIMOHEH Ta 0araro iHIIUX, IEMOHCTPYE
HPOTUPAKOBI BIACTHUBOCTI Ta IIUTOTOKCHYHY JIiI0, 1HIY-
KYIOYH aIloITO3, 3YyIMUHKY KIITHHHOTO ITUKITY, 3MEHIIIY-
I0YH KIITHHHY Mirparito Ta inBasiro (Li et al., 2022).

BucHoBkHu

Edipna osisi kanaficy € npoayKToM i3 BHCOKOIO
J0IaHOI0 BAPTICTIO Ta MepCNeKTHBHIM MapKeTHHIO-
BHM NOTEHIiaJIoM, ajie Ile MaJI0 MPHUBEPHYJIa YBaru
3 0OKYy HayKoBOi, MeIUYHOI Ta (apManeBTUUHOI

cninbHOTH €Bponn Ta Ykpainu. Jlocaigxenns tep-
neHiB edipHux oniii pisuux copris Cannabis sativa L.
MOKYTh CTaTH BasKJIMBUM HANIPSIMOM /151 BIAKPUTTS
HOBHX JIiKiB, 30KpeMa B JIiKyBaHHi 00,110, apTepiaib-
HOI rineprensii, HeliponcuxiaTpuYHUX i HEBPOJIOTiY-
HHMX 32XBOPIOBaHb.

®ditocnoiykn KaHadicy Ta ix B3aeMojii B opranizmi
JIIOIUHU HAIAI0Th YHIKAJIbHI MOMKJIMBOCTI ISl Bil-
KPHUTTS1 HOBUX IIEPCOHATI30BAHNX TePANIeBTUYHUX 32C0-
0iB, OCKIJIbKHU IIeBHi cOPTU KaHalicy BiIpi3HAIOTbCA 32
CKJIA/IOM TepIieHiB i MOXKYTh HaJaBaTH OLJIbIILY KOPUCTH
NPH KOHKPETHUX KJIiHIYHUX NOKA3AHHSAX.

HasiBui fgani cBiguarb mpo Te, 1m0 TepmeHU
MOKYTh 3a0e3nmeuntu ¢apmakosoriuve ta gapma-
KOTepaneBTH4YHe OOIPYHTYBaHHA (apMaueBTHY-
HOI0 POo3po0JIeHHS Ta 32CTOCYBAHHS JIIKiB HA OCHOBI
KkaHaOicy. 3aayyeHHsi kaHabicy y ¢apmaneBTHYHE
po3po0iieHHs1 NOTPedye /10IATKOBOI OL[IHKHM Tepie-
HOBHUX MpogiiiB gikapcbkoi POCIUHHOI CHPOBHUHHU,
OCKiTbKH T KOMIOHEHTHMIi CKJIAJ MOXKe 3HAYHO
KOJIMBATHCH SIK 3a 3arajbHOI0 KiJlbKicTI0, Tak i 3a
SIKICTIO TEPIIEHOBHUX CHOIYK.
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COMPONENT COMPOSITION AND QUANTITATIVE CONTENT OF ORGANIC ACIDS
IN RHIZOMES WITH ROOTS OF RUMEX CONFERTUS WILLD

Actuality. According to the literature, the underground organs of Rumex confertus contain oxalic and caffeic acids and there is no
information about the content of fatty acids.

The aim is to study the component composition of organic including fatty acids in rhizomes with roots of Rumex confertus and to
determine the quantitative content of the amount of organic acids in the series of plant raw materials.

Material and methods. The plant raw materials were harvested in 2015 in Kharkiv region to study component composition of organic
including fatty acids and in 2019 in Vinnytsia, Ternopil, Kharkiv, Poltava, and Khmelnytskyi regions to determine quantitative content
of the amount of organic acids. The component composition of organic, including fatty, acids was studied by gas chromatography-
mass spectrometry. The quantitative content of the sum of organic acids was determined according to the methodology of the State
Pharmacopoeia of Ukraine monograph 2.1 «Rose fruits “».

Research results. For the first time 6 organic and 10 fatty acids were identified in rhizomes with roots of Rumex confertus by gas
chromatography-mass spectrometry and the quantitative content of each of them was determined. For the first time it was modified
the pharmacopoeial methodology (monograph «Rose FruitsN») for rhizomes with roots of Rumex confertus: determination of the
quantitative content of the amount of organic acids was carried out in conversion not to malic, but to oxalic acid. The validation
characteristics of the method were established and it was tested on 5 series of plant raw materials.

Conclusion. For the first time, the component composition of organic and fatty acids in the rhizomes with the roots of Rumex
confertus was determined with using the gas chromatography-mass spectrometry method. For the first time it was modified the
pharmacopoeias method of determining the quantitative content of the amound of organic acids in terms of oxalic acid for rhizomes
with roots of Rumex confertus and determined its validation characteristics. The obtained results were applied in the development of
the project of quality control methods «Rumex confertus rhizome with roots».

Key words: Rumex confertus, organic acids, fatty acids.
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KOMIIOHEHTHHUM CKJAJI TA KUIBKICHAW YMICT OPTAHIYHUX KHCJIOT
Y KOPEHEBUIIIAX I3 KOPEHAMMUW RUMEX CONFERTUS WILLD

Axkmyanvhicme. 3a oanumu aimepamypu, niosemni opeanu Rumex confertus 3 opeanivnux KUciom micmamo wjaenesy i Kagogy
Kuciomu, a iHghopmayisi npo 6Micm JHCUPHUX KUCTIOM 8IOCYMHSL.

Mema 0ocnidsceHHs — GUSUUMU KOMNOHEHIMHUL CKAAO OP2AHIUHUX, Y MOMY YUCTI HCUPHUX, KUCTOM Y KOPEHeGUUaxX i3 KOpeHAMU
Rumex confertus ma eusnauumu KiloKiCHULL YMICM CYMU OP2AHIYHUX KUCIOM Y CEPIAX CUPOSUHU.

Mamepian i memoou. Cuposuny sacomosnanu 6 2015 p. y Xapxiscokiii obnacmi 0is 6usyents KOMROHEHMHO20 CKAA0Y OPSAHIUHUX,
y momy uuchi scupnux, kuciom ma 6 2019 p. y Binnuywkiil, Tepnoninvcokiu, Xapkiscokiil, [lonmagcwkii ma XmenvHuyvKiti oonacmsax
0715 GU3HAYEHHS KilbKICHO20 6MICHY Op2aHiYHUX Kuciom. Kounonenmuuii cknao opeanivnux, y momy YUcii JICUPHUX, KUCTOM 6UGUATU
Memooom 2a3080i xpomamo-mac-cnexkmpomempii. KinbKicHuil ymicm cymu OpeaniyHux KUCIOM 8USHAYAU 30 MEMOOUKOI MOHOSPADTT
DY 2.1 «ILlunwunu nioouNy.

Pesynomamu docniocenns. Ynepuie y kopenesuujax iz kopensmu Rumex confertus memooom 2az080i Xxpomamo-mac-cnekmpo-
mempii 6yno idenmucgpikosano 6 opeaniunux ma 10 dcupnux KUCIom ma GU3HAYEHO KINbKICHUL YMICM KOJICHOT 3 HuX. Ynepuie Ons
Kopenesuwy i3 Kopensmu Rumex confertus moougirosarno apmarxonetiny memoouxy (monozpais «[Lunwunu nioouy @Y 2.1):
BUSHAYEHHA KIbKICHO20 8MICIY CYMU OP2AHIYHUX KUCTOM NPOBOOUNU Y NEPEPAXYHKY He HA AONYYHY, A HA Wa6llesy KUCIomYy. Ycmanos-
JIEHO 8ANIOAYIIHI XapaKmMepucmuKu MemoouKu ma anpobo8ano ii Ha n’amu cepisax CupOGUHUL.

Bucnoeok. Ynepuie memooom 2az060i xpomamo-mac-cnekmpomempii 6 kopeneguwyax 3 kopeuamu Rumex confertus ycmarnosneno
KOMNOHEHMHUTL CKAAO OP2AHTYHUX MA HCUPHUX KUCIOm. Ynepute Ons Kopenesuwy i3 kopensamu Rumex confertus moougpikosano pap-
Maxonetiny Memoouxy 6UsHA4eHHs KilbKiCHO20 6MICIY CYMU OP2AHIYHUX KUCIOM Y NepepaxyHKy Ha ujagnegy KUCIomy ma 6UsHA4eHo
i eanioayitini xapaxmepucmuxu. Ompumani pesyiomamu 3aCMoco8aHi nio yac po3pooieHHs NPOEKMY Memooie KOHMPOIIO AKOCHI
«ll]aenio KincbK020 KOpeHesuwye 3 KOPEeHAMUY.

Kntouogi cnosa: Rumex confertus, opeaniuni Kuciomu, HCUpHi KUCTOMU, 2A308d XPOMAMO-MAC-CREKMPOMEMpIsL.
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Introduction. The genus Rumex includes 152 spe-
cies of perennial herbaceous plants (Who plant list,
2024). Plants of the genus are found in Europe, Asia,
and China (Who plant list, 2024). According to the lit-
erature, rhizomes with roots and leaves of plants of the
genus Rumex accumulate the largest amount of anthra-
cene derivatives, compounds of phenolic nature, tannins
and oxalic acid, due to which the plants have a sour taste
(Li, 2022, pp.1-29). 268 substances were identified in
the plant raw materials of 35 plant species, of which
anthracene derivatives (56), flavonoids (57) and tan-
nins (31) were found in the largest amount (Li, 2022,
pp. 1-29). Rumex acetosa L. (R. acetosa), Rumex japon-
icas Houtt. (R. japonicas), Rumex nepalensis Spreng.
(R. nepalensis) and Rumex patientia L. (R. patientia)
are the most studied in terms of quality composition
(Li, 2022, pp. 1-29).

Underground organs and leaves of R. acetosa, Rumex
dentatus L. (R. dentatus), Rumex vesicarius Linn.
(R. vesicarius,) R. japonicus, R. nepalensis, Rumex cris-
pus L. (R. crispus) and Rumex hanus by (R. hanus) are
widely used in medicine as antioxidant, anti-inflam-
matory, antimicrobial, antifungal, hepatoprotective,
antiplatelet, hypotensive, cardioprotective and antican-
cer agents (Kim, 2022; Mohammadhosseinpour, 2023;
Nguengang, 2023; Piao, 2022; Jeong, 2020; Khan, 2022;
Riffat, 2019). This plant activity is due to the multicom-
ponent chemical composition: compounds of phenolic
nature, organic and fatty acids, vitamins and minerals.

Despite on such a well-studied qualitative composi-
tion of the plants of the genus p-coumaric, oxalic and
tartaric acids were identified from the organic acids in
the plant raw material of R. acetosa, succinic — in R.
dentatus and R. nepalensis, ferulic — in R. nepalensis,
caffeic — in Rumex confertus Willd. (R. confertus) (Li,
2022; Khaliq, 2023; Prakash Mishra, 2018).

Our attention was paid to R. confertus whose under-
ground organs are used in scientific (monographs are
included in some pharmacopoeias) and folk medicine as
an antitumor, anti-inflammatory and antimicrobial agent
(Prakash Mishra, 2018; Oproshanska, 2023). In addi-
tion, R. confertus is an invasive species that is widely
distributed on the territory of Ukraine.

There are data from the last century about the con-
tent of the amount of organic acids in the underground
organs of R. confertus which depend on the harvesting
period (up to 3%). Quantitative content of total oxalic
acid (up to 13%) and free acid (up to 0.77%) was deter-
mined by the modified volumetric method (Benzel, 1995;
Kos 1. 0., 1999). We did not detect any information about
the identification and quantitative content of fatty acids
in plant raw materials of R. confertus or other plants of
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the genus Rumex at all. Therefore, the study of the quali-
tative composition of organic including fatty acids in the
rhizomes with roots of R. confertus and the determina-
tion of the quantitative content of the amount of organic
acids in the series of plant raw materials is actual.

The aim is to study the component composition of
organic including fatty acids in rhizomes with roots of
R. confertus and to determine the quantitative content
of the amount of organic acids in the series of plant raw
materials.

Materials and methods. Underground organs of
R. confertus were used for the research. Plant raw mate-
rials were harvested in 2015 in Kharkiv region to study
component composition of organic including fatty acids
and in 2019 in Vinnytsia (series 1), Ternopil (series 2),
Kharkiv (series 3), Poltava (series 4), and Khmelnytskyi
(series 5) regions to determine quantitative content of
the amount of organic acids. The component composi-
tion of organic including fatty acids was studied by gas
chromatography-mass spectrometry (GC/MS). Methyl
ethers were obtained for identification and quantification
of components (Carrapiso, 2000, pp. 1167-1177).

The quantitative content of the amount of organic
acids was determined according to the methodology in
the monograph «Rose fruits™ of the State Pharmaco-
poeia of Ukraine 2.1 (SPhU). (Derzhavna Farmakopeia
Ukrainy, 2016). Validation of the quantification method
and statistical processing of the results were carried out
in accordance to the requirements of the SPhU 2.0 (Der-
zhavna Farmakopeia Ukrainy, 2015).

Research results and their discussion. For the
first time, the component composition of organic acids
including fatty acids was determined in rhizomes with
roots of R. confertus by the GC/MS method. The results
of the study are given in table 1, a sample of GC/MS
chromatogram of compounds — in fig. 1.

6 organic and 10 fatty acids were identified in
R. confertus plant raw materials and the quantitative
content of each of them was determined. Oxalic acid
has the highest content from the identified organic acids
(8335.9+21.8 pg/g) which is 64% of the total content
of identified organic acids. Also, the plant raw material
contains a significant amount of citric and malic acids
(2047.4+1.4 pg/g and 1978.4+£2.4 pg/g, respectively).
The smallest content is characteristic of para-coumaric
acid (32.6+0.6 ug/g).

4 unsaturated and 6 saturated fatty acids were iden-
tified in underground organs of R. confertus. At the
same time, the content of unsaturated fatty acids is
2 times higher than the content of saturated fatty acids.
Of the unsaturated fatty acids, the content of linolenic
(5684.9+2.6 pg/g) and linoleic acid (2875.6+1.7 pg/g)
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dominated, which accounted for 60% and 30% respec-
tively of the amount of unsaturated fatty acids. The
quantitative content of linolenic acid is 2 times higher
than that of linoleic acid. From saturated fatty acids in
rhizomes with roots of R. confertus the content of pal-
mitic acid is dominated 3145.342.0 pg/g which is 75%
of the amount of saturated fatty acids. The lowest con-
tent was established for cerotic acid (58.5+0.4 ug/g).

Table 1
The component composition of organic including
fatty acids in rhizomes with roots of R. confertus,

(n=5, png/g)

No | The name of acid | Quantitative content
Organic acids
1 Oxalic 8335.9+21.8
2 Malonic 241.9+1.4
3 Succinic 314.7+1.0
4 Malic 1979.4+2 .4
5 Citric 2047.4+1.4
6 para-coumaric 32.6+0.6
Fatty acids
7 Palmitic 3145.3+£2.0
8 palmitoleic 537.2+1.1
9 Margaric 100.4+0.6
10 Stearic 587.7+0.6
11 oleic 358.4+1.0
12 linoleic 2875.6x1.7
13 linolenic 5684.9+2.6
14 arachinic 113.2+0.3
15 lignoceric 174.5+0.6
16 cerotic 58.5+0.4
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Fig. 1. GC/MS chromatogram of organic including
fatty acids of rhizomes with roots of R. confertus
(sample)

Underground organs of R. confertus contain the high-
est content of oxalic acid from the identified organic acids
therefore it is advisable to convert to oxalic acid when
quantifying the amount of organic acids in the plant raw
material (according to the methodology in monograph
«Rose fruits™» of the SPhU 2.1 the conversion is carried
out to malic acid) (Derzhavna Farmakopeia Ukrainy,

®diroTepanis. Yaconuc

2016). The conversion factor for oxalic acid is 0.0045.

The results of quantitative determination of the
amount of organic acids in series of rthizomes with roots
of R. confertus are shown in fig. 2.

As evidenced by the data of fig. 2 the quantitative
content of the amount of organic acids in different series
of underground organs of R. confertus fluctuated slightly
and amounted to at least 2.3%.

The method from the monograph of «Rose fruits™»
was used for the quantitative determination of the amount
of organic acids, but it was applied for a new type of
plant raw material with the use of a new compound for
calculation — oxalic acid. Therefore, according to the
recommendation of SPhU 2.0, it requires experimental
confirmation for the correctness of the obtained data by
studying validation characteristics (Derzhavna Farma-
kopeia Ukrainy, 2015). According to the recommenda-
tions for the validation of volumetric titration methods,
such validation characteristics as linearity, correctness
and precision are determined (Derzhavna Farmakopeia
Ukrainy, 2015).

Content,
2.45
2.44
2.43
2.42
241
2.40
2.39
2.38
2.37
2.36

2.44+0.12
2.43+0.14
2.42+0.12
2.41+0.11

2.39+0.13

1 2 3 4 5 Series

Fig. 2. Quantitative content of the amount of organic
acids in different series of rhizomes with roots
of R. confertus in terms of oxalic acid (%, n=5)

Determination of validation characteristics was car-
ried out according to normalized coordinates and uni-
versal acceptance criteria. 5 samples were prepared for
the study in which the amount of organic acids is evenly
distributed in the range of the method: 80%, 90%, 100%,
110%, 120%. 3 parallel titrations were performed for
each concentration to determine the precision (table 2).
The uncertainty of the analysis results expressed as a
one-sided relative confidence interval for the level of
confidence probability of 95% should not exceed 6.4%
(Derzhavna Farmakopeia Ukrainy, 2015). On the basis
of the obtained data, the parameters of linear depend-
ence (table 3), correctness and accuracy (table 4) were
calculated.
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Table 2
Validation tests for determining normalized coordinates and calculating linear dependence
The weight V0,1 M . . .
of plant lgaw Xi fact, % solution of An}oun_t of o Yi found, % Relationship .fo,}l nd/ Linear
materials NaOH, ml organic acids, % entered Zi, % dependence
80 0.95 2.36 79.17 98.96
0.9142 80 0.97 2.41 80.83 101.04 80.67
80 0.97 2.41 80.83 101.04
90 1.1 243 91.67 101.86
1.0254 90 1.09 2.41 90.83 100.92 90.67
90 1.09 2.41 90.83 100.92
100 1.21 2.41 100.83 100.83
1.1391 100 1.23 2.45 102.5 102.5 100.67
100 1.22 243 101.67 101.67
110 1.31 2.37 109.17 99.25
1.2534 110 1.3 2.35 108.33 98.46 110.67
110 1.31 2.37 109.17 99.25
120 1.46 242 121.67 101.39
1.3672 120 1.45 241 120.83 100.69 120.670
120 1.46 2.42 121.67 101.39
Table 3
Parameters of the linear dependence of the method
Table 4

of quantitative determination of the amount
of organic acids in the rhizomes with roots
of R. confertus in terms of oxalic acid

Validation characteristic The resulting value

A 0.66

S, 2.27
Criterion of statistical insignificance 0.66<4.91

B 1.00067

S, 0.02

S, 1.23
dR:‘?il;ié(e)rélents to residual standard 1.23<3.82

R 1.000067
iljgﬁtélgie;;ltents for the correlation 1.0000670.9965

The results of the study of the correctness
and precision of the method of quantitative
determination of the amount of organic acids
in the rhizomes with roots of R. confertus
in terms of oxalic acid

Validation characteristic Resulting value

Average ratio found / entered Z____, % 100.68
Relative standard deviation, Sz,% 1.2794
One-sided confidence interval, Az, % 2.08
Critical value for convergence of results 213
YsAas, %

Systematic error & 0.68
Criterion of statistical insignificance 1.00
Criterion of practical acceptability 4.27

The obtained results indicate that the method meets
all the requirements for parameters of linear depend-
ence.

The method is correct, because the criteria of statisti-
cal insignificance and practical acceptability are greater
than the systematic error and precision (one-sided confi-
dence interval is less than the critical value for the con-
vergence of results 5Aas).

Conclusions

1. For the first time, the component composition
of organic (at least 6 compounds) and fatty acids
(at least 10) was determined in rhizomes with roots
of R. confertus with using the GC/MS method. The
highest quantitative content is characteristic of oxalic
acid (8335.9+21.8 pg/g).
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2. For the first time for rhizomes with roots
R. confertus modified the pharmacopoeial methodol-
ogy (monograph «Rosehip Fruits» SPhU 2.1): deter-
mination of the quantitative content of the amount
of organic acids was carried out in conversion not to
malic, but to oxalic acid.

3. To confirm the accuracy and correctness of
the method its validation characteristics were deter-
mined for the first time: linearity, precision, and its
correctness was proven. The method was tested on
5 series of R. confertus plant raw materials.

4. The obtained results were applied in the devel-
opment of the project of quality control methods
«Horse sorrel rhizome with roots» and will be used
in the future in the standardization of phytoremedies
based on rhizomes with roots of R. confertus.
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Bioaiorpagiunuii onuc crarri: Kanuroscrka M. (2024). BiBcsiHa kpyna siIK HOTSHLIHHUN €HTEpOCOpPOEHT
cBuHIO. Dimomepanis. Yaconuc. 3, 207-209, doi: https://doi.org/10.32782/2522-9680-2024-3-207

BIBCSIHA KPYIIA SIK NOTEHIINHUM EHTEPOCOPBEHT CIIOJYK ILIIOMBYMY

Axmyansuicme. 3a0pyOHeHHs O06KINLA CROTYKAMU NAIOMOYMY 3YMOGIIOE NIOBUU EHE HAOXOONCEHHS L1020 8 OP2aHi3M TH0OUHU. 306~
daemuvca wkooa 300pos 1o noounu. Cnocmepieacmvcsi MOKCUYHULL 6NIUE HA 6CI OpeaHu i cucmemu opeanismy. Tomy nouwtyx Ho8ux
copbenmia 015t SMEHWEeH s, MOKCUYHO20 GNAUBY NIIOMOYMY € AKMYATbHUM.

Mema 0ocnidxicenns — gugueHHs: COpOYITIHUX 8IACTUBOCMEN 8I6CAHOI KPYNUL BIOHOCHO POSYUHHUX COLel NIIOMOYMY.

Mamepian i memoou. Copbyis ionie niomoymy npoeooUNacst HA8ANCKOIO GiBCAHOT Kpynu 6 cmamudHux ymosax. Kinvkicnuil ymicm ionie
Memainy U3HA4ANU CReKMpOPOMOMEmPULHUM MEMOOOM 3a pearyicio i3 cynvapcazenom. Busuanu eéniue pH i uacy konmaxmy na copoyiro.

Pezynomamu docnioxcenna. Yemanosneno, wo 6igcsana kpyna 6 wiupoxomy oianasoni pH 6io 3,5 00 9,5 eunyuac nonao 90% ionis
naomoymy. Maxcumanona copoyis niombymy eiecsanoro kpynoio cnocmepicacmocs npu pH 4,5 (96,8%). 36invwenns uacy konmaxmy
copbenma i moKCUuHO20 MEMAny CNpusic 1020 i3011068aHHIO.

Bucnosok. Biscsiny kpyny mooicha ésasicamu 00Cums XOpOouwuM NOMEHYIUHUM eHmepocopbeHmom, OCKLIbKU CNOCMepieacmscs
BUCOKULL CIYNIHb GUIYYEHHSI MOKCUKAHNY 8 wuporomy dianasoni pH. Tpueanuii konmaxm 6iecsinoi Kpynu 3 ionamu naomeymy cnpuse
iX guyuennio. Yoicugants KOpUCHUX GI6CAHUX KPYN 3apa0uns Op2amizm TI0OUHU He Tuuie NONCUSHUMU PeHOBUHAMU | eHep2IcIo, d 1l yCYHe
TNOKCUYHULL BNIUE POSUUHHUX COTIell NIIOMOYM).

Knrouosi crosa: siscana kpyna, copoyis, niombym, eHmepocopoenm.
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OATS AS APOTENTIAL ENTEROSORBENT OF LEAD

Actuality. Environmental contamination with the lead substances results in its increased penetration into human bodies that has a
toxic influence on all organs and its systems, so it harms the health. Therefore, the search of new sorbents for a reduction of the toxic
impact of a lead still remains actual.

Material and methods. The sorption of lead ions was carried out using heavy oats under static conditions. The quantitative content
of metal ions was determined using the spectrophotometric method with sulfarsazen reaction. The study also investigated the influence
of pH and contact time on sorption.

Research results. It was found that oats can effectively remove over 90% of lead ions across a wide pH range from 3.5 to 9.5. The
maximum sorption of lead by oats was observed at pH 4.5, reaching 96.8%. Furthermore, increasing the contact time between the
sorbent (oats) and the toxic metal (lead) facilitated its isolation, indicating a time-dependent sorption process.

Conclusion. Oats can be considered as a quite good potential enterosorbent because of a high degree of toxin removal observed
across a wide pH range. Prolonged contact of oats with lead ions contributes to their extraction. Consumption of beneficial oat grains
will not only provide the human body with nutrients and energy but also eliminate the toxic influence of soluble lead salts.

Key words: oatmeal, sorption, lead, enterosorbent.

Beryn. AxrtyadabHictb. [IpoOiema 3a0pynHeHHs
JOBKIJUIS BaXXKMMH MeETallaMH, OCOOJHMBO CBHHIEM
Ta HOro pPO3YMHHMMH CIOJIYKaMH, CTA€ ChOTOIHI
HarainpbHOIN. HeHanexxHa yTwiti3allisi BiAMpanbOBaHUX
OarapeiioK, BUKHJH METAIYpPriiHUX 3aBOMIB, BiJI-
MpaboBaHe MAJWBO CTAHOBIATH HEOE3MEKy SK s

JOBKIIIA, Tak 1 s jroguau. OcoOnmBo Hebesreu-
HUM JDKEPEJIOM 3a0pyIHCHHS JOBKULIA, 10 MPU3BO-
JUTh J10 3a0py/JAHEHHS BOJIH, POCIMHHOI CHPOBUHH Ta
B IOAAJBIIOMY MPOAYKTIB XapyyBaHHS, € YHUCICHHA
KUTBKICTh 3aJIUIIKIB PO3ipBaHMX pPaKeT Ta aBiabom,
MIH Ta iHIIMX 3ac00iB.

© M. KanuToBchbKa
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Heszanexno Bin crnocoOy Ta ¢GOpMH HTPOHUKHEHHS
B OpraHi3M CHOJYKH IUTIOMOyMy CTaHOBISTH HeEOE3-
MEKYy JIst YCbOT'O JKUBOTO. BoHu HerarMBHO BIIMBAIOTh
NpaKTUIHO Ha BEChb OpFaHi?)M JIIOJUHHU BXE 3a HOCUTH
HU3BKUX KOHIEHTpALii i MPHUTHIUYIOTh CHHTE3 OiNIKiB
Ta aKTHBHICTH (DEpMEHTIB, MOPYIIYIOTH CHHTE3 I'eMOT-
n00iHy, mop¢ipuHOBUII OOMIH, IHAYKYIOTh Ae(exTH
MeMmOpan eputpoumtiB (Ostrovska, 2022; Petrynich,
2017). BusBuTn HaqMipHHUHA yMiCT IITIOMOYMY MO>KHA HE
nume B 610J0TIYHUX piauHAX, a i y Bosocci. [Ipnaomy
i TTOKA3HUKH Y JKUTEIB BEJIMKHX HACEJICHHUX ITyHKTIiB
3HAYHO MEPEBUIIYIOTh MOKA3HUKH JKUTEIB CLIbCHKOT
MicrieBocTi. ToMy NHMTaHHS 3MEHIICHHS YM YCYHCHHS
TOKCHYHOTO BIUIMBY IUTIOMOyMy Ha OpTraHi3M € aKTy-
anpHUM. [lopsin i3 KJIIAaCHYHMMH EHTEpOCOPOCHTaMH
[IKaBUM IMUTAHHSIM € BUBYCHHS COPOIIHOT 3aTHOCTI
BIBCSTHOI KPYTIH IIOAO COJICH TTIOMOyMY.

BiBcsiHa Kpyma € JUKeperoM CKIIQAHUX BYIJICBOIIB,
SK1 TIOBIILHO BCMOKTYIOTBCS 1 HAJ0Bro 3a0e3IedyroTh
oprani3m eHepriero. Bona 6arara kiiTkoBnHOI0. Bennka
YacTHHA XapyoBOi ITIHHOCTI INPHIANAE HA BYIJICBOIH,
IIIe YaCTHHA — )KUPH 1 O1KH. ByrneBoam BiBCsIHOT KpymH
CKJIaJIHI, TaK 3BaHi TOBIJbHI, SIKI MMOBUIBHO BCMOKTY-
IOTBCSI, HE BUKJIMKAIOTH Pi3KOTO CTPHUOKA PiBHS 1HCYIIHY
B kpoBi (Kailong Zhang, 2021). Came TOMYy BiBCSIHA
KpyIia Moxe OyTH pEKOMEHIOBaHa ISl TIETUIHOTO Xap-
qyBaHHS.

BinkoBa ¢pakiisi BiBCSHOT KpynmHu MICTHTh aJbOy-
MiHH, TIOOYIIiHYU, MPOJAMiHHU, TIFOTENIHU, CKJIEPOIPO-
Teinn. O4YeBUHO, caMe BOHH Oy/lyTh 3B’S3yBaTH 10HH
TIFOMOYMY, 1110 HasiBHI y PO3YMHAX.

V BIBCSHUX TUIACTIBISIX € 0araTo ByIJIEBOJIIB, KOPHUC-
HOTO OiJIKa 1 )KUPY, A0 CKIIAIy SKOTO BXOJSITh HACHYCHI
1 HEHACHYCHI >KUPHI KHCIIOTH, XapuoBi BOJIOKHA, KPO-
xmanb. (Nikinmaa, 2023). Lls kpymma MiCTHTh Maiike BCi
Bitraminu rpymu B: B1, B2, B6, PP, E, H. 3naunuii ymicrt
npositamiHiB Bitaminy A, E 1 K. Cepen minepaiis ciin
3a3HAYUTHU KaJlii, KaibI[ii, Mardii, #oa, MaHraH, [UHK
1 kobanbet, Qochop, cymbdyp, Xmaop, HaTpid, depym,
kynpyM, ¢iyop (Kailong Zhang, 2021).

Bona momepemkae HepBOBI po3Najau, yCyBae ciald-
KICTB 1 JCTIPECito, MOM'SIKIIYE 1 JIKY€e 3analieHy MIKipy.
3aBIsSKH BEIMKOMY BMICTY KPEMHIIO JIaHa KpyIa 3aro-
0irae po3BHTOK TYOEPKYJIbO3y, OCKIJIKH TYOCpKyIbO3HI
MaJMYKA BiJl 1[bOTO CJIA0IIAIOTh. BiBcsHa Kpyma cTu-
MYJIFOE POOOTY CTAaTeBHX OPTaHiB, IIUTOBUIHOT 3aJI03H,
MiATPUMY€E B HOpMi ropMOHaNbHUH (hoH. BoHa 3HMKYE
KUTBKICTh 3arallbHOTO XOJICCTEPUHY B KPOBI, JTOTIOMAarae
XBOPHUM Ha IyKpOBHH AiabeT, 3aro00iratoun pi3KoMy IiI-
BHIIICHHIO piBHSA IIyKpy B KpoBi (Kailong Zhang, 2021).
HaBiTe BUBOAUTH JIesIKI BaKKI MeTaad. 3MILHIOE KiCT-
KOBY 1 M'SI30BY TKaHHUHY.

MeTta JoCJHiIKeHHsI — BHBYCHHS COPOIIHHUAX
BJIACTUBOCTEH BIBCAHOI KPYIH BIIHOCHO PO3YMHHHUX
conelt TIoMOyMy.
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Marepianu Ta MeToau AociainxeHHs. s mocii-
JPKEHb BUKOPHUCTOBYBAJIM CTAaHAAPTHUN BOIHHUI pO3-
YUH COJIi TUTFOMOYMY, 1110 MicTUB 20,7 MKT TUTFOMOyMY B
1 mu1. BigOupanu o 10 Mi1 po3uuHy, B IKOMY MICTHIIOCS
mo 207,2 Mkr ioHIiB TurroMOymy. ITiAroToBieHi Takum
YUHOM MOJIEIIbHI BOJIHI PO3YHMHHU, IO MICTHIIA 10HUHH
TUTFOMOYMY, BHKOPHUCTOBYBAJIH JIJISl TPOBEICHHS COPOIIii.

ToTyBanu cepii HaBayKkKU COPOEHTY (BIBCSIHOT KPYIIH)
mo 1 . BukoprucToByBasu KpyIy BiBCSIHY IUTIOIICHY, SKa
poJaeThes y Mara3uHax. JlogarkoBa oOpoOKa BiBCSHOT
KpyIU (TepMiyHa, XiMiuyHa) HEe MPOBOIUITACS.

CopO1ito MPOBOAMIN Y CTATUYHUX YMOBaX HUITXOM
CTYIIYBaHHS KOJIO, IO MICTATh JOCHIDKYBaHY CYMIIII
PO34YHUHY 1 cOpOEHTA, IPOTATOM IIEBHUX MPOMIKKIB 4acy.

Jns ctBopeHHs BiamoBigHOro pH po3umHy BHKO-
pucroByBaiu 0,1 M po3uuHM HATPIFO T1IPOKCUY 1 HIT-
paTHO1 KHUCIIOTH.

KinbKicHe BU3HAYCHHS 3QJIMIIKY HE COPOOBAHUX 10HIB
TUTFOMOYMY TIPOBOJTHITH 32 PEAKIN€r0 13 Cylb(hapca3ecHOM
(Kalytovska, 2022) crnekTpoOTOMETPUYHUM METOIOM
Ha criekrpodoromerpi CD 46 3a TOBKHUHU XBIJI 276 HM,
BUKOPHCTOBYBAJIM KIOBETH 3 TOBIIMHOIO POOOYOro Imapy
10 mm (Kalytovska, 2013). VYMicT 3aJMIIKOBUX 10HIB
TUTFOMOYMY BHU3HAYAJIH 32 IPAyIOBALUM IpadikoM.

Po3paxyHoKk BificOTKa copOIii TpOBOAMIH 32 (OpMY-
o Re = s 100(%)

c = mio . 0), e

m, ., — Maca ajcopOOBaHOro pnIoM6yMy; .

m, — Maca IWioMOyMy y BUX1IHOMY PO34HHI.

Pe3yabraTn qociakeHHs Ta ix odropopenns. [1in
yac BUBYCHHS 3aJICKHOCTI COpOIIii 10HIB IITFOMOYMY BiB-
CSHOKO Kpymoro Bij pH po3umHy Oyiio omepikaHo JaHi,

SIK1 OpEACTaBJICHO Ha pUC.

Copbuisi, %

Puc. 3anexuicTh copOuii BOTHOT0 po34uny
ILTIOMOYMY BiBCSHOIO KPYIoIo 3ajexno Bix pH

V nianazoni pH Bin 3,5 10 9,5 cnocrepiraerbes 10CUTh
BUCOKUH CTyIiHb COPOLIi i0HIB MIFOMOYMY 13 PO3YMHIB,
noHaa 90%. MakcumanbHa copOuisi ToMOyMy BiBCS-
HOIO KpYTIOIO crioctepiraethbest mpu pH 4,5. Bucop6osy-
eTbest 10 96,8% i0HiB TUTIOMOYMY. SIKIII0 OpaTh 10 yBaru
HOPMaJIbHY KHCJIOTHICTh Y MPOCBITI Tija IUTyHKA HATIIE
1,5-3,5, To MOKHA BBaYKaTH, 1110 CTIOKUBAHHS OyKBaJIbHO
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€HTEPOCOPOEHTOM LIONO 10HIB IITIOMOYMY. 3asexnicTh copomii Bix 4acy KOHTAKTy cOpOeHTIiB
HopmarnbHa KUCTIOTHICTE y IUOYIMHI ABaHAALSATUIIA- T2 BOJIHOIO PO3YHHY IIIOMOYMY

JI0T KHIIIKK CTAaHOBUTH 5,6—7,9. KHCIOTHICT COKY TOHKOT ac KOHTAKTY, XB Cop6uin, %

KHUIIIKA KOJIMBAETHCSA B MeXax 7,2—7,5, a 3a MOCHIICHHS 10 96.80

cekperrii gocsirae pH = 8,6. KHCIOTHICTH COKY TOBCTOI 30 99’27

KHIIKK B HOpMi cTaHoBUTH 8,5-9,0 (Fatula, 2013). /lani 0 98:83

MOKA3HUKU KUCJIOTHOCTI 3HAXOIATHCS B Aiara3oHi BUCO-
Koi copOlii 10HIB ITFOMOYMY BIBCSIHOKO KPYTIOK MOHAJI
90%, ToMy MOJKHA BBayKaTH, IO 1 B JAHOMY pas3i BiBCsHA
KpyTIa 3a0€3MeUuTh XOPOIINH CHTEPOCOPOIIHHNI e(eKT.
[IpoBoaumocs: OCTIKEHHS BIUIUBY 4acy KOHTAKTY
copOeHTy (BIBCAHOI KpymH) i po3uMHy IIIOMOyMy Ha
copb6irito. OnepxaHo JaHi, MPeACTaBICHI B TAOIUIL.
Pesynbrati  mochmimkeHb Ha MOICIBHHX BOIHHUX

pO3uMHAX TIOKa3yloTh, 1O 30ULIBUICHHA TPUBANOCTI ViKHBaHHS KOPHCHHX BiBCSIHUX KpYII 320€3Me4HuTh
KOHTAKTY iOHIB TUIOMOYMY 3 BIBCAHOIO KPYTIOIO JHIIE  gprayisy i0aMHH He JHIIE I0AKHBHAMH PeIOBHHAMH
TMOKpaltye COpOIifo, IOCATaEThCS MAMKE MOBHE BHIY- g eHeprielo, a ii ycyHe TOKCHYHHI BINIMB MOKJIMBUX

YCHHs TOKCHKaHTa. ToMy CTOKHBaHHS BIBCSHOI KPYIH  pppcyTHIX y XapYOBHX NPOXYKTAX UH BOJi TOKCHKAH-
MOXe 3a0€3MeIUTH CHTEPOCOPOIIHHIA SPEKT. TiB, 30KpeMa PO3UMHHMX COJIEH ILIIOMOyMY.

BucHoBkH

YpaxoBywun BHCOKHUIl CTYyNiHb BUJIy4YeHHsI iOHIB
IUIIOMOYMY 3 PO34YHUHIB BIBCSIHOI0O KPYNOI0 B IIHPO-
komy niana3oni pH (monax 90%), MoskHa BBaxkaTu,
III0 BiBCSIHA KPYNa € JOCUTH XOPOIIHMM MOTeHUiifHUM
eHTepOoCcOpPOEeHTOM /ISl JIaHOr0 ToKcukaHta. Ilpwu-
YoMy TPUBAJIUH KOHTAKT BiBCSIHOI KPyNHU 3 ioHAMu
ILTIOMOYMY TIJIBKH CTIPHUSI€ IX BUITY4Y€HHIO.
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ANTIOXIDANT EFFECT OF THICK EXTRACT FROM SHIITAKE MUSHROOMS
ON THE MODEL OF TESTOSTERONE-INDUCED PROSTATIC HYPERPLASIA

Actuality. Benign prostatic hyperplasia (BPH) is a common disease of elderly and senile men, the clinical manifestations of which
are lower urinary tract symptoms. The frequency of detection and progression of this disease increases with age. If BPH occurs in only
40% of men after the age of fifty, then at the age of 80, 90% of men suffer from this pathology. Prescribing drug therapy is not always
Jjustified. In the end, the positive effect of pharmacotherapy may not occur and, in the future, surgical intervention will be required.
Therefore, it is urgent to find and create new effective drugs for the prevention and treatment of BPH. Currently, the antioxidant support
of testosterone replacement therapy is becoming more and more widespread, with the aim of reducing adverse reactions. Therefore, it
is urgent to find and create new effective drugs with antioxidant properties for the prevention and complex treatment of BPH.

The aim of the work was to study the antioxidant properties of a thick extract from Shiitake mushrooms under the conditions of
testosterone-induced benign prostatic hyperplasia in white rats.

Material and methods. Antioxidant activity of a thick extract from Shiitake mushrooms was studied on a model of testosterone-
induced prostate hyperplasia. Shiitake extract was administered intragastrically to white rats daily for 21 days at a dose of 150 mg/kg
of animal body weight. Testosterone propionate was injected subcutaneously at a dose of 3 mg/kg according to the same scheme as the
studied extract. "Prostatophyt™ was chosen as a reference drug, which was administered intragastrically daily for 21 days in a dilution
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of 1:10 at a dose of 1 ml/100 g of rat body weight. Antioxidant effect of a thick extract from Shiitake mushrooms was studied according
to the following biochemical parameters: activity of acid and alkaline phosphatase, the content of TBA-active products and reduced
glutathione, the value of the phosphatase index.

Research results. Subcutaneous injections of testosterone at a dose of 3 mg/kg resulted in a probable increase in the content of
TBA-active products and a decrease in the content of reduced glutathione in the serum and prostate homogenate of affected rats. An
increase in activity of alkaline phosphatase was also observed in blood serum and prostate homogenate of animals relative to control.
The activity of acid phosphatase under the influence of testosterone increased in blood serum and decreased in prostate homogenate
of affected animals. Inhibition of the peroxidation processes and improvement of the antioxidant system of the animal body work were
observed when a thick extract of Shiitake mushrooms was used against the background of testosterone.

Conclusion. The effectiveness of a thick extract from Shiitake mushrooms under the conditions of simulated hyperplasia of the prostate
gland has been proven. The positive effect of the studied extract in this pathology is due to its antioxidant effect, since Shiitake mushrooms
contain polysaccharides, in particular lentinan, which exhibits pronounced antitumor activity, steroid compounds and vitamins

Key words: Shiitake mushrooms, thick extract, prostatic hyperplasia, antioxidant action.
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AHTHOKCUJAAHTHA AISA I'YCTOI'O EKCTPAKTY 3 I'PUBIB [HI/IiTAK]j; HA MOJEJII
TECTOCTEPOH-IHAYKOBAHOI I'NIIEPIIJIA3II HEPEAMIXYPOBOI 3AJIO3HU

Axmyanvuicme. /Jobposkicna cinepnaazis nepeomixyposoi zanosu ({I'T13) € nowupenum 3ax60pio8aHHsIM YON0BIKIE NOXULO20
ma cmapeuozo GIKy, KAHIYHUMU NPOAGAMU SIKO20 € CUMNMOMU HUJICHIX cedosux uiisxie. Yacmoma eusignenns ma npocpecy8ants
0aH020 3aX80pHO6anHs 30LbULYIOMbCS 3 6IKOM. HKwo nicis n’smoecsmu pokie T3 sycmpiuacmocs auwe y 40% uonosixie, mo
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v 6iyi cmapue 80 poxis yoce 90% uonosikie cmpasicoaioms na oany namonozito. Ilpusnavenns meouxamenmosnoi mepanii ne 3a82cou
€ oorpynmosanum. Iozumusnuii epekm ¢hapmaxomepanii' y Kinyesomy niocymKy mooice He Hacmamu, i Hadari 6yde nompione one-
pamusne empyuanns. Huni éce 6inbuio2o nowupenns Haby8ae aHmuoKCUOAHMHUL CYRPOGIO 3amiCHOI mecmocmeponogoi mepanii
3 Memor 3HUdICeH A nodiunux peaxyiu. Tomy akmyanbHUM € NOULYK Mma CMEOPEeHHs HOBUX e(eKMUSHUX NPenapamis 3 AaHmMuoOKCUOAHN-
HUMU 61acmusocmamu 0 npoginakmuxy ma komniekcnozo nikyeanns [ITI3.

Mema 0ocnidrcennsn — 6ugueHHs AHMUOKCUOAHMHUX GIACMUBOCHIEN 2YCIMO20 eKCMpaKkmy 3 epubie wuimare 3a ymog mecmocme-
POH-THOYKOBAHOT 000POAKICHOI 2inepniasii nepedmixypoeoi 3ano3u y Oinux uypis.

Mamepian i memoou. AHMUOKCUOGHMHY AKMUBHICMb 2YCIMO20 eKCMPAaKkmy 3 epubie wiuimake susuau Ha Mooeli mecmocne-
POH-THOYKOBAHOT 2inepnaasii nepeomixyposoi 3anosu. Excmpakm wuimaxe 0inum wypam yeoounu HYMpPIUHbOULTYHKOBO UWOOEHHO
npomseom 21 006u 6 003i 150 me/xke macu mina meapuru. Tecmocmepony nponionam y800unu niOWKIpHO 6 0031 3 Me/ke 3a mi€io e
cxemoro, wjo i docuiodcysanuil ekcmpakm. Peghepenc-npenapamom 6yno obpano «lIlpocmamoimy, sakuil y60Ounu 6HympiutHbOULLYH-
K060 ujooenno npomsicom 21 006u 6 possedenni 1:10 y 003i 1mn/100 & macu mina wypa. AHmuoxcudanmmy 00 2ycmo2o eKCmpaxmy
3 epubis wuimake 6uuAIU 34 MAKUMU OIOXIMIMHUMU NOKAZHUKAMU. AKMUBHICIMIO Kucioi ma ayxcHoi pocpamasu, ymicmom THhK-ax-
MUBHUX NPOOYKMIE MA BIOHOBNIEHO20 2IYMAMIOHY, 8eIUYUHON (ochamaszrnoo inoexcy (KD/ID).

Pesynomamu 0ocnioscennsn. ITiowkipni in’exyii mecmocmepony 6 003i 3 me/ke npuseenu 00 6ipo2ioH020 NIOSUUEHHS 6MICMY
TEK-axmusnux npoOykmie ma 3HudiCeHHsl 6BMICIY GIOHOBIEHO20 2IYMAmiony y CUpo8amuyi Kpo8i ma 2oMo2eHami npOCMamu ypaxiceHux
wypis. Taxooc cnocmepieanu niO8UWeHHsT AKMUBHOCIME IVHCHOL pocghamasu y cuposamyi Kpogi ma 2oMo2eHami npocmamu meapum
8IOHOCHO KOHMpONI0. AKmugnicms Kucioi pocghamasu nio @nau6om mecmocmepony 3p0cida y Cupo8amyi Kpogi ma 3Hu3UIaAch y 2oMo-
eenami npocmamu ypasxicenux meapun. 11io uac 3acmocyeanis Ha mii Mecmocmepony 2ycmoz0 eKCmpakmy cpubie wiuimaxe cno-
cmepieanu npucHivenHs npoyecie NePeKUCHO20 OKUCHEHHS Ma NOKPAWants. pOO6OmMu anmuoKCUOAHMHOI CUCeMU OP2aAHI3MY MEAPUH.

Bucnosok. Jlosedena epexmusHnicms 2ycmo2o ekcmpaxniy 3 2pubie wiuimaxe 3a yMog Mo0enb08anol 2inepniasii nepeomixypogoi
sanozu. Tlozumuenuil 6niue O0CIIONCYBAHO20 eKCMPAKMY 3 OAHOI NAMONOIL 3yMOGNEHULL 11020 AHMUOKCUOAHMHOIO OIE€I0, OCKLIbKU
2pubu wuimake MiCmsame y c60€MY CKAA0T NONICAXapuou, 30Kpema 1eHMUHAH, KUl BUAGIAE GUPAICEHY NPOMUNYXIUHNY AKMUGHICINDY,

CMepoioHi CnoNyKU ma imaminu.

Knwuosi crosa: epubu wuimare, eycmuil ekcmpaxkm, 2inepniazis nepeoMixyposoi 3an03u, aHmuoKCUOaAHmMHa Oisl.

Introduction. Actuality. Among the diseases of
male genitourinary system, prostatitis and benign pros-
tatic hyperplasia (BPH) take first place. Usually, the
provocateur of prostatitis is an infection that affects the
prostate gland. Prostatitis can appear at any age, but it
is more common in men aged 30-50 and can have quite
unpleasant and painful symptoms (Onoja, 2023; Sha-
kir Saleh, 2022). BPG differs from prostatitis in that it
is almost painless. This is a benign growth of prostate
tissue, which is also called hyperplasia. The number of
patients with BPH is constantly increasing. This pathol-
ogy is the most common disease of the genitourinary
system in men (Brechka, 2021; Brechka, 2019). The
main symptoms of benign prostatic hyperplasia (BPH)
are the weakening of sexual function, frequent urination,
leakage of urine during the day, difficulty in urination,
as the enlarged tissues of the gland strongly narrow the
urinary canal, urinary retention may occur. Pathology
develops due to hormonal disorders and aging of the
body, that is, usually already in adulthood (Zaichenko,
2019; Herasymets, 2023a).

Correct treatment of BPH is aimed, first of all, at
alleviating the symptoms of the lower urinary tract,
improving the patient's quality of life and preventing
the development of complications associated with pros-
tate adenoma. A wide variety of drugs are used for the
treatment of BPH, the effectiveness of which remains
insufficient (Brechka, 2021; Brechka, 2019). Treatment
of prostate adenoma, which is carried out already in the
late stages, involves surgical intervention, the use of
both open and endoscopic or transurethral operations
(Brechka, 2021, Shchokina, 2017).
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Prostate protectors are widely used for the complex
treatment of BPH (Epstein, 2021). These are drugs that
normalize the stromal-epithelial relationships in the
prostate during its age-related morphogenesis. Natural
prostate protectors deserve special attention, because the
risk of developing side effects is minimal, and the pres-
ence of various biologically active substances provides
a complex effect on the pathogenetic links of the dis-
ease (Zaichenko, 2019; Herasymets, 2023b; Liu, 2024).
Therefore, the creation of new prostate protectors of nat-
ural origin is promising. Testosterone is a hormone that
can affect many aspects of the body, including metabo-
lism and oxidative stress. Antioxidant supplementation
may be a useful component of testosterone replacement
therapy to reduce possible side effects.

Reishi, maitake and Shiitake mushrooms exhibit an
extremely wide spectrum of pharmacological activity.
There are data confirming their antioxidant, antiprolif-
erative and anti-inflammatory properties (Herasymets,
2021; Herasymets, 2023b). The object of this study was
Shiitake mushrooms (Lentinula edodes). They are used
in folk medicine to strengthen the immune system, lower
blood cholesterol and treat prostate cancer. Today, shii-
take is popular all over the world due to its taste qual-
ities, various pharmacological properties and ability
to grow both on natural logs and on artificial substrate
(Tamang, 2022; Xu, 2020).

Shiitake mushrooms have a positive effect on the work
of almost all systems of the human body. Their antiox-
idant, anti-inflammatory and oncoprotective properties
have been confirmed (Spim, 2021; Tamang, 2022). Shi-
itake mushrooms are also effective in the fight against
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various oncopathologies as part of complex therapy. They
are also used in the treatment of hypertension, prostatitis,
diabetes, polyarthritis and hepatitis. In Japan, it is recom-
mended to use Shiitake mushrooms for those who have a
precancerous condition (Tamang, 2022; Xu, 2020).

The aim of the work was to study the antioxidant
properties of a thick extract from Shiitake mushrooms
under the conditions of simulated benign prostatic
hyperplasia in rats.

Material and methods. The object of our research
was a thick extract from Shiitake mushrooms. The choice
of shiitake mushrooms for the study of their potential
antioxidant action in testosterone-induced BPH in rats is
due to several factors:

1. The content of biologically active substances: pol-
ysaccharides, steroid compounds, amino acids, vitamins
and minerals, which may have potential benefits for the
prevention and treatment of BPH.

2. Popular in traditional medicine. Shiitake mushrooms
are widely used in eastern countries in the treatment of can-
cer, hepatitis, prostate adenoma, and heart disease.

3. Previous studies. Based on the data of other
researchers and the results of our own experiments,
which confirm that shiitake mushrooms exhibit phar-
macological properties useful for the therapy of prostate
adenoma, which may cause further interest in this field.

The choice of research methods is determined by
the achievement of specific scientific goals, namely,
the study of the potential antioxidant effect in testoster-
one-induced prostate hyperplasia. With this pathology,
the activity of organ-specific enzymes increases, there-
fore, to confirm the proposed hypothesis, we investigated
the activity of acid and alkaline phosphatase, the content
of TBA-active products and reduced glutathione, the
value of the phosphatase index (AP/ALP).

The sequence of our scientific experiment is deter-
mined by a clear definition of the purpose and direction
of the research, the study of literary sources on the cho-
sen topic, the development of a hypothesis, the definition
of methods and tools for data collection and analysis.

The research stages are:

1. Selection of male white rats for BPH modeling.

2. Division of animals into 7 groups: control, control
pathology and groups that received Shiitake mushrooms
extract and Prostatophyt to correct the induced pathology.

3. Subcutaneous administration of testosterone pro-
pionate for 21 days.

4. Intragastric administration of a thick extract from
Shiitake mushrooms and the reference drug for 21 days.

5. Euthanasia of animals on the 15th and 22nd days
of the experiment. Sampling of blood, prostate glands
and seminal vesicles.

®diroTepanis. Yaconuc

6. Conducting a study of biochemical indicators in
blood serum and animal prostate homogenate.

The antioxidative effect of thick extract from Shiitake
mushrooms on the model of testosterone-induced BPH
was studied according to the recommendations of good
laboratory practice (GLP) and bioethics in accordance
with the "European Convention for the Protection of
Vertebrate Animals Used for Research and Other Scien-
tific Purposes" (Gross, 2015). The study was conducted
in 2021 year. Our research was approved by the Ethics
Commission of Ternopil National Medical University
(excerpt from protocol No. 72 dated January 6, 2023).

All raw materials were purchased from the private
enterprise "Mykhailovsky A. V." (Shiitake mushrooms
were grown in Donetsk and Kyiv regions). Thick extract
of shiitake was obtained by extraction with 40% etha-
nol in the raw material-extractant ratio of 1:10, which
was established experimentally, taking into account the
absorption coefficient of the extractant. To obtain thick
shiitake extract, the raw materials were extracted with
a suitable solvent for 2 hours while heating to 90 °C to
intensify the extraction process. The yield of the extract
was 46.9% (Burda, 2016).

Standardization of the extract according to steroid
compounds was carried out on 5 series according to the
requirements of the State Pharmacopoeia of Ukraine
(table 1).

The dominant compound in the studied mushrooms
was sitostenone (1.95 mg/kg). The presence of polysac-
charides, carboxylic acids, phenolic substances, com-
pounds of terpene nature was established using chemical
reactions, thin-layer chromatography, gas chromatog-
raphy and high-performance liquid chromatography.
According to the results of the study of the elemental
composition of the studied raw materials, the presence
of 19 macro- and microelements was established (Burda,
2016).

Experiments were conducted on 56 white male
rats weighing 200-250 g. Rats were kept in one room
at a constant temperature of 19-23 °C on a balanced
standard diet in the vivarium of the Ternopil National
Medical University. Daily monitoring of the general
condition, body weight, and mortality was carried out.
The fluctuation of the massometric indicator was insig-
nificant. Experimental animals were randomized by
random sampling. During the experiment, the experi-
mental rats were provided with constant access to food
and water. Feeding was carried out with grain mixtures
(corn, winter wheat, oats), carrots, table beets and
bread were given.

The experimental animals were divided into 7
groups of 8 rats each: 1st — animals that were given the
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appropriate amount of purified water every day (for
21 days), control (C); 2nd — rats injected subcutaneously
with testosterone propionate solution, control pathology
(CP), 15th day of the study; 3rd — animals that were
subcutaneously injected with testosterone propionate
solution, CP, 22nd day; 4th — rats that received a Shii-
take mushrooms thick extract (SMTE) simultaneously
with subcutaneous injection of testosterone propionate,
15th day; 5th — animals that received a SMTE simulta-
neously with subcutaneous injection of testosterone pro-
pionate, 22nd day; 6th — rats, which were given intragas-
trically a reference drug “Prostatophyt” simultaneously
with subcutaneous injection of testosterone propionate,
15th day; 7th — animals that received intragastric admin-
istration of the reference drug “Prostatophyt” simultane-
ously with subcutaneous administration of testosterone
propionate, 22nd day (Herasymets, 2023a).

BPH was simulated by injecting a solution of testos-
terone propionate at a dose of 3 mg/kg subcutaneously
for 21 days. SMTE was administered intragastrically to
experimental rats daily at a dose of 150 mg/kg of the
animal's body weight simultaneously with subcutaneous
injection of testosterone for 21 days. A dose of 150 mg/kg
of rat’s body weight was established by our previous stud-
ies as conditionally therapeutic. "Prostatophyt" was cho-

sen as a reference drug (manufacturer — LLC "Eim”, sci-
entific and production pharmaceutical company, Kharkiv,
Ukraine) in a dilution of 1:10 at a dose of 1 ml/100 g of
the animal's body weight, which was administered intra-
gastrically according to the same according to the same
scheme as Shiitake mushrooms extract.

Animals were taken out of the experiment, blood, pros-
tate glands (PG) and seminal vesicles (SV) were collected on
the 15th and 22nd days after the start of testosterone admin-
istration. The relative mass of PG and SV was determined.

Blood was taken from the heart of animals, centri-
fuged at 3000 rpm for 30 minutes. The resulting blood
serum (supernatant) was used for research. The prostate
gland (500 mg) was used to obtain a homogenate using a
Silent Crusher S magnetic homogenizer after pre-perfu-
sion with 4.5 ml of physiological saline.

The development of BPH is accompanied by a
change in biochemical indicators in the animal’s body
(Herasymets, 2023a; Makodrai, 2021). In this regard,
we investigated the content of TBA-active products
(TBA-AP), reduced glutathione (GSH), activity of acid
(AP) and alkaline phosphatase (ALP), calculated the
phosphatase index (Vlizlo, 2012).

The principle of the TBA-AP determination method: in an
acidic medium at high temperature, malondialdehyde reacts

Table 1
Standardization parameters of shiitake thick extract in accordance with the requirements
of the State Pharmacopoeia of Ukraine
. The content . . . The sum
Series Description | Solubility Identification D.ry of heavy Mlcroblt?loglcal of steroid
number residue purity
metals compounds
In 1 g of extract,
Steroid compounds. When the presence of
Easil adding a 1% solution of no more than
solub}l/e in p-dimethylaminobenzaldehyde 1000 bacteria
40% ethanol in a 4 N ethanolic solution and 100 yeasts
Viscous soluoble in > | of hydrochloric acid and and molds (in
mass of water. 50% subsequent heating, a pink total) is allowed.
> 270 color is formed. Not less The presence
brown color |ethanol, . o, |Not more C Not less
180516 . . The absorption spectrum of than 70% o of bacteria is o
with a weak | practically . . o than 0,01%. than 0,15%
characteristic | insoluble in Fhe .test so}utlon, obtained as 75% not allqwqd .
smell 96% ethanol indicated in the paragraph on Escherichia coli,
’ an. d°0 ther the quantitative determination Pseudomonas
oreanic of steroid compounds, in the aeruginosa and
soigven s region from 450 nm to 600 nm Staphylococcus
’ should have a maximum at a aureus, genus
wavelength of 518 = 3 nm. of bacteria
Salmonella
170316 Meer the Mee?s the Meets the requirements Meer the Binmosimae 0,18%
requirements | requirements requirements
201116 Mee?s the Mee?s the Meets the requirements 81% Meer the Mee?s the 0,16%
requirements | requirements requirements | requirements
270217 |Meetsthe Meetsthe o eqvirements 779, |Meetsthe jMeets the 0,18%
requirements | requirements requirements | requirements
210317 Mee?s the Mee?s the Meets the requirements 79% Mee?s the Mee?s the 0,17%
requirements | requirements requirements | requirements
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with thiobarbituric acid, forming a red colored complex with
an absorption maximum at a wavelength of 532 nm. To
determine the content of reduced glutathione, a method was
used, the principle of which is the interaction of 5,5-dithiobis
(2-nitrobenzoic) acid (Ellman's reagent) with free SH-groups
of reduced glutathione with the formation of a yellow thioni-
trophenyl anion, the amount of which is directly proportional
to the content of SH-groups. The method of determining the
activity of alkaline phosphatase is based on the property of
the enzyme to hydrolyze the ether bond in B-glycerophos-
phate with cleavage of phosphate acid. Phosphorus is deter-
mined colorimetrically by reaction with a molybdenum
reagent in the presence of an eikonogen reducing agent or
ascorbic acid. The product of the reaction is molybdenum
blue, the color intensity of which is directly proportional to
the amount of phosphorus in the sample, which characterizes
the activity of the enzyme. The principle of the method of
AP determining: acid phosphatase catalyses the hydrolysis
of naphthyl phosphate. The naphthyl produced, reacts with
the fast red TR salt to produce an azo dye. The increase in
absorbance due to the formation of the azo dye is directly
proportional to the concentration of acid phosphatase in the
sample (Vlizlo, 2012).

Statistical data analysis was performed using STATIS-
TICA 13 (TIBCO Software Inc., 2018). Parametric and
non-parametric methods of evaluating the obtained data
were used for statistical processing of the results. For all indi-
cators, the arithmetic mean of the sample (M) and the error
of the arithmetic mean (m) were calculated. The probability
of the difference in values between independent quantitative
values was determined by the Mann-Whitney test. The dif-
ference between values was considered probable at p < 0.05.

Research results and discussion. Research works
of recent years confirm the relevance of new medicinal
products of natural origin creation for the prevention
and treatment of liver diseases, diseases of cardiovas-
cular and immune systems, cancer and BPH (Makod-
rai, 2021). Experimental and clinical studies confirm the
feasibility of using drugs of natural origin with antioxi-
dant properties in the complex treatment of prostate ade-

noma. They are especially effective in the early stages of
the disease (Zaichenko, 2019; Brechka, 2019).

It was established experimentally that probable
changes in the relative mass of androgen-dependent
organs occurred when modeling testosterone-induced
benign hyperplasia of the prostate gland in white rats
(Zaichenko, 2019). In particular, the relative mass of PG
increased by 52 % and 77%, and the relative mass of SV
increased by 81% and 125% compared to the control on
the 15th and 22nd days of the experiment (table 2).

The development of BPH in white rats was con-
firmed by histological studies (fig. 1, 2, 3).

The parenchymal component of PG of rats in the
control group was represented by numerous alveolar-tu-
bular glands. The basement membrane was lined with
a layer of secretory cells — high prismatic epithelium,
which together formed folds protruding into the lumen
of the glands. Exfoliated epitheliocytes were present in
the lumen of the glands, which is a normal process of
cell removal. The lumens of the glands were filled with
a discharge of various tincture properties. The stroma
of PG was represented by connective tissue cords that
departed from the organ capsule and smooth myocytes
with a large number of blood micro vessels. Venules
were full-blooded (fig. 1).

e % B, TSNS Yedd < “Tio
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Fig. 1. Prostate gland of a rat from the control
group. The glands are ined with columnar
epithelium and form numerous folds (1). Blood
vessels are congested (2). Stained with hematoxylin
and eosin. x100

Table 2
The impact of Shiitake ushroom extract on the relative mass of reproductive system organs
under conditions of simulated BPH (M=m; n=56)
Relative weight of organs, g/100 g of body weight

Group of animals/Index PG SV

15th day 22th day 15th day 22th day
C 0,31+0,02 0,31+0,02 0,48+0,03 0,48+0,03
CP 0,47+0,03* 0,55+0,06* 0,87+0,03* 1,08+0,05*
CP+SMTE 0,40+0,03 0,36+0,03** 0,65+0,05%* 0,59+0,04*%*
CP+Prostatophyt 0,34+0,02** 0,35+0,03** 0,55+0,02** 0,54+0,04**

Note. Here and in the following tables: * — probable changes between the indicator of control and testosterone-affected animals;
** — probable changes between the indicator of testosterone-affected and treated animals; p<0,05; *** — probable changes between the

parameters of affected animals treated with SMTE and Prostatophyt.
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The affected animals PG tissues histological analy-
sis revealed significant structural changes compared to
the control group. Significantly expanded and deformed
lumens of the glands were observed. Epithelium located
on the basement membrane was represented by cubic
or flattened cells. The reversion of the nuclei from the
basal part of the cells to the apical part was observed.
A decrease in the number of basal cells was detected.
At the same time, binucleated epitheliocytes appeared.
Number of folds was significantly reduced, as well as
the height of the preserved ones. The secretion is une-
venly distributed, there were many lumens of the glands
that do not contain discharge (fig. 2).

Fig. 2. Prostate gland of a rat with simulated BPH.
Cystic transformation of the glands (1), flattening
of the epithelial lining (2), and uneven distribution
of secretion (3). Stained with hematoxylin
and eosin. X200

The stroma of the gland was mainly represented by
fibrous connective tissue with a significantly reduced
content of smooth muscle cells. The vessels of the
hemomicrocirculatory channel were full of blood, the
perivasal stroma was loosened by edema. There was an
increase in the number of cellular elements, especially
lymphocytes and fibroblasts (fig. 3).

The use of SMTE and Prostatophyte for 21 days in
order to correct the lesion of the PG caused a decrease
in the relative mass of the PG by 1.2 and 1.4 times on
the 15th day of the study and by 1.5 and 1.6 times on
the 22nd day of the experiment, respectively, relative to
CP group. Administration of shiitake extract and Pros-
tatophyte to white rats caused statistically significant
changes in the relative mass of SV relative to CP. Thus,
by the end of the experiment, a decrease in the relative
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Fig. 3. Interstitial stroma of the prostate
gland of a rat with simulated BPH.
Edema, infiltration by lymphocytes

and fibroblasts (1). Congested venule (2).

Stained with hematoxylin
and eosin. X200

weight of the SV was observed by 1.8 and 2.0 times rel-
ative to the affected animals after the use of SMTE and
the reference drug. There were no significant differences
between the effects of shiitake mushroom extract and the
comparison drug.

Probable changes were revealed in the activities of
acid and alkaline phosphatase in blood serum and pros-
tate homogenate of rats with simulated hyperplasia of
the prostate gland after the use of SMTE and the com-
parison drug.

It was established that when benign prostatic hyper-
plasia was modeled by the introduction of testosterone
propionate, systemic disturbances appeared, which were
manifested by changes in the biochemical parameters
of blood serum and prostate homogenate of animals. In
particular, a probable increase in the activity of acid and
alkaline phosphatase was observed in the blood serum
of white rats compared to the control. An increase in
the activity of phosphatases indicates the development
of the inflammatory process in this pathology. AP and
ALP activity increased in the prostate homogenate of
affected animals; changes are probable (tables 3, 4). So,
the activity of AP increased by 2.8 times and ALP — by
2.4 times by the end of the experiment compared to indi-
cators of the control group.

The introduction of a thick extract from Shii-
take mushrooms and Prostatophyte contributed to the
normalization of phosphatase activity in the blood
serum of animals: the activity of AP decreased on the

Table 3

The impact of Shiitake mushroom extract on biochemical parameters in rat blood serum in a model
of testosterone-induced prostate hyperplasia, 15th day (M+m; n=56)

Index/Group of animals C CP CP+SMTE CP+Prostatophyt
AP, nmol/I*hour 6,70+0,38 12,84+0,63* 7,68+0,32%* 7,18+0,36**
ALP, nmol/l*hour 10,45+0,36 18,05+0,55* 13,19+0,69** 11,21+0,39%*/**%*
AP/ALP 0,64+0,02 0,72+0,05* 0,58+0,01** 0,64+0,03
TBA-AP, pmol/l 2,06+0,11 3,37+0,16* 2,84+0,17 2,55+0,14**
GSH, mmol/l 1,75+0,06 0,96+0,05* 1,48+0,02%* 1,61£0,03%%/***
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15th day of the study under the influence of SMTE by
1.7 times, under the influence of the comparison drug—by
1.8 times; ALP activity — by 1.4 and 1.6 times, respec-
tively, compared to the control pathology group.
A 2.1-fold and 2.5-fold decrease in AP activity, and a
1.9- and 2.2-fold decrease in ALP activity were observed
in affected animals on the 22nd day of the use of shiitake
extract and prostatophyte, respectively. The AP/ALP
ratio increased by 1.5 times in the control pathology
group compared to the control, which indicates the devel-
opment of the inflammatory process in PG (Shchokina,
2017). A probable decrease in the phosphatase index
was noted in blood serum relative to CP under the influ-
ence of the studied extract and the comparison drug on
the 22nd day of the study. Probable differences between
the comparison drug and SMSE were noted regarding
the activity of ALP and the content of GSH in the blood
serum of animals on the 15th day of the experiment,
on the 22nd day, probable differences were recorded
regarding the activity of AP and the content of TBA-AP.
A probable decrease in AP activity was observed in the
prostate homogenate of the affected rats under the condi-
tions of PG testosterone-induced hyperplasia by 32% and
55% relative to the control group on 15th and 22nd days
of the study, indicating PG damage. A probable increase in
ALP activity was revealed in the animal prostate homoge-
nate by 56% and 90% on the 15th and 22nd days of the
experiment compared to the control (tables 5, 6). The
phosphatase index decreased by 4.1 times in the prostate
homogenate of affected animals under the influence of tes-
tosterone compared to the control by the end of the study.
The activity of AP increased by 1.9 times and the
activity of ALP decreased by 1.6 times under the influ-

ence of SMTE on the 22nd day of the experiment rela-
tive to the affected animals. Prostatophyte significantly
increased the activity of AP by 2.1 times and decreased
the activity of ALP by 1.8 times relative to the CP group.
The AP/ALP ratio increased by 2.9 and 3.6 times under
the influence of studied extract and comparison drug
respectively, relative to the affected rats (table 6), which
indicates the ability of the drugs to stabilize membranes
of the PG acini.

The development of testosterone-induced hyper-
plasia of PG was accompanied by the activation of
lipid peroxidation processes, which is confirmed by a
1.6-fold increase in the content of TBA-AP in blood
serum already on the 15th day of the experiment, and a
1.8-fold decrease in the level of GSH in CP group ani-
mals compared to the indicators of C group (table 3).
The largest deviations of the studied parameters from
the norm were observed on the 22nd day after the start
of experiment

The introduction of SMTE contributed to a decrease
in the content of TBA-AP in the blood serum by 1.2 and
1.4 times, an increase in the level of GSH by 1.5 and
1.8 times on the 15th and 22nd days of the study, respec-
tively, relative to the affected animals (table 4, 5). The
use of Prostatophyte in parallel with testosterone propi-
onate also contributed to a probable decrease in the con-
tent of TBA-AP. Thus, the largest decrease in the content
of TBA-AP in the blood serum of rats was observed on
the 22nd day of the study by 2 times and the increase in
the level of GSH by 2.1 times, respectively, relative to
the CP group.

The level of TBA-AP increased by 2.1 times in the
prostate homogenate of the affected animals by the end

Table 4

The impact of Shiitake mushroom extract on biochemical parameters in rat blood serum in a model
of testosterone-induced prostate hyperplasia, 22th day, (M+m; n=56)

Index/Group of animals C CP CP+SMTE CP+Prostatophyt
AP, nmol/I*hour 6,70+0,38 19,07+0,66* 9,21+0,63** 7,7040,32%%/*+*
ALP, nmol/I*hour 10,45+0,36 25,27+1,10% 13,27+40,87** 11,45+0,35%*
AP/ALP 0,64+0,02 0,76+0,03* 0,69+0,01%* 0,67+0,02**
TBA-AP, pmol/l 2,06+0,11 4,55+0,24* 3,22+0,16%* 2,3040,10%*/***
GSH, mmol/l 1,7540,06 0,73+0,04* 1,3240,06** 1,53+0,07**
Table 5

The impact of Shiitake mushroom extract on biochemical parameters in prostate homogenate of rats
in a model of testosterone-induced prostate hyperplasia, 15th day, (M+m; n=56)

Index/Group of animals C CP CP+SMTE CP+Prostatophyt
AP, nmol/kg*hour 20,20+0,34 13,83+0,46* 17,03+0,40** 18,69+0,35%#/%*%
ALP, nmol/kg*hour 23,59+0,89 36,75+1,26* 26,95+1,07** 25,38+0,86**
AP/ALP 0,87+0,04 0,38+0,02* 0,64+0,01** 0,740,043 /%%*
TBA-AP, pmol/kg 13,44+0,82 22,41+1,12% 17,3140,75%* 15,26+0,60**
GSH, mmol/kg 1,26+0,06 0,77+0,03* 1,05+0,03** 1,16£0,03%%/***
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Table 6

The impact of Shiitake mushroom extract on biochemical parameters in prostate homogenate of rats
in a model of testosterone-induced prostate hyperplasia, 22th day, (M+m; n=56)

Index/Group of animals C CP CP+SMTE CP+Prostatophyt
AP, nmol/kg*hour 20,20+0,34 9,10+0,37* 17,00+0,78** 18,9840,27%*/***
ALP, nmol/kg*hour 23,59+0,89 44,7542 ,23* 28,41£1,16%* 25,27+1,11%%*
AP/ALP 0,87+0,04 0,21£0,01* 0,60+0,010%* 0,76+0,03%:%/***
TBA-AP, pmol/kg 13,44+0,82 27,96+0,97* 17,70+0,58** 14,58+0,62°%* /*+*
GSH, mmol/kg 1,26+0,06 0,55+0,05* 0,95+0,06** 1,17+0,05%%/***

of the experiment, the content of GSH decreased by
2.3 times compared to the control (table 6). The use of
SMTE and Prostatophyte contributed to a decrease in
the content of TBA-AP in the homogenate of the pros-
tate of animals with simulated benign hyperplasia on the
22nd day of the study by 1.6 and 1.9 times, respectively,
compared to the parameters of the control pathology. By
the end of the experiment, the content of GSH increased
by 1.7 times in the homogenate of the animals’ prostate
under the influence of SMTE, under the influence of
comparison drug — by 2.1 times relative to CP (table 5).
As can be seen from tables 5 and 6, the comparison drug
showed probably greater effectiveness in normalizing
some of the studied parameters in the prostate homoge-
nate than SMTE.

The results of our study are consistent with the works
of other scientists who modeled BPH and observed sim-
ilar changes in biochemical parameters. (Zaichenko,
2019; Makodrai, 2021; Brechka, 2021).

The use of SMTE effectively affected the antiox-
idant/prooxidant balance in the animal's body. This
is confirmed by a probable decrease in the content of
TBA-AP, an increase in the content of GSH and the nor-
malization of phosphatase activities in blood serum and
prostate homogenate of rats with testosterone-induced
BPH. The reference preparation caused similar changes
in biochemical parameters.

All the revealed results of the SMTE corrective effect
on the modeled pathology confirm its antioxidant proper-
ties and give reason to consider the studied extract effective
for restoring the function of PG. The effectiveness of the

shiitake mushroom extract was almost at the level of the
comparator drug. The study extract may expand the range
of BPH treatments and reduce the side effects of conven-
tional therapy. The advantage of SMTE is monocompo-
nentity, since most drugs of natural origin, in particular, the
comparison drug, are multicomponent, which increases the
risk of allergic reactions to their individual components.

Conclusions

SMTE had a positive effect on the state of the
prostate gland of rats injected subcutaneously with
testosterone propionate to simulate BPH. This is evi-
denced by probable positive changes in the relative
mass of androgen-dependent organs, normalization
of phosphatase activity, a decrease in the content of
TBA-AP and an increase in the content of GSH in
blood serum and prostate homogenate of white rats.
The use of comparative preparation “Prostatophyte”
also caused probable positive changes in the investi-
gated biochemical parameters.

The data of the experimental study confirm the
antioxidant properties of the thick extract of Shiitake
mushrooms. The prostate protective effect of shii-
take extract can be realized through its antioxidant
effect. The pharmacological properties of shiitake are
probably related to the presence of polysaccharides
in their composition, namely lentinan, steroid com-
pounds and vitamins.

The obtained results are a theoretical justification
for the feasibility of a suitable drug further develop-
ment for the complex treatment and prevention of
BPH in men.
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Y KYPHAJI «®ITOTEPAIIIS], YACOIIHC»

Jlinensiap

(I11b aBToOpa, crIiBaBTOPIB)

Hajaae JlineHsiary, BUIaHHIO )XypHaAITYy «®DitoTepartis, 4acomucy», 0e30MIaTHO HEBUKITFOYHY JIIICH31I0 Ha BUKO-

PUCTAHHA HayKOBO'l. CTaTTI

(Ha3Ba cTaTTI)

3TiIHO 3 HOPMaMH YMHHOTO 3aKOHO/IABCTBA YKpaTHH.
JlinieHsiap rapaHTye, 10 BOJIOJIE BUKJIIFOYHUMHU aBTOPCHKUMU TIpaBaMy Ha HaJaHy JlilleH31aTy HayKOBY CTaTTIoO,

1 mepenae oMy Taki nmpasa:

1) Ha omyOiKyBaHHS CTATTI y )KypHaT «DiToTeparrisi, 4acCOMUCH;

2) Ha PO3MILIECHHS HAYKOBOI CTATTi HOBHICTIO 200 YaCTKOBO Y Mepeski IHTepHeT Ha calfTi XKypHaiy;

3) Ha ajjanTaIlio Ta MepeKaj CTarTi 3rIHO 3 pelakiiiHUMH BUMOTaMHU;

4) Hajae TOBiKY PO MEPEBipKy CTATTI LIOJO ILIATIATY;

5) Ha BUKOpPHUCTAaHHS MeTagaHuX crarTi (Ha3ea, [1Ib aBropis, aHOTaMii, Oi0miorpadidai Marepiayin) MUITXOM

00po0OeHHs 1 cucTeMaru3ailii, JOBeJEHHs J10 3arajJbHOro BiJjoMa;

6) Ha BHECEHHSI JIO PI3HOMAaHITHHUX TONTYKOBHX CHCTEM, HAyKOMETPHUIHUX 0a3, 30KpeMa MIXKHAPOTHHX;
7) Ha nepeady, 30epiraHHs i OIpalfoOBaHHs NEPCOHANBHUX JaHUX 0e3 00MEXEHHS CTPOKY BIANOBIAHO 10 3aKOHY

VYkpainu «IIpo 3axuct nepcoHambaux ganux» Big 01.06.2010 p.

Jlinensiap

(M.II. HaykoBOi ycTaHOBH,
110 3acBiquye mianuc Jlinensiapa)

Ne 3, 2024 22] ==
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3acnosnuku scypnany:

Taspiiicbkuii HaioHATLHUI YHiBepcHTET

imeni B.I. Bepnaacbkoro

TOB «€EBponeiicbkuii Mequ4HMii yHiBepcuTeT», M. JIHinpo
Bceykpainchka rpoMajchbka opratizanis

«Aconianis (axiBuis 3 HapoaHoI i HeTpaaHUiiiHOT
MeIUIMHU YKpaiHu»

3acHoBanwmii y 6epe3Hi 2002 poxy. BUX0quTh IOKBapTaIbHO.

Peectpanist cy6’exra y cdepi ApyKoBaHHX Meia:
Pimennst HanionansHoi paagn YkpaiHu 3 MUTaHb
TenebaueHHs i pajgiomoBnenHs Ne 953 Bin 21.03.2024 poky

VK 615.322.61.57.014

Moea euoanns:
CTarTi — YKpaiHChKa, aHTITIHChKA; aHOTAIlil,
KITFOUOBI CITOBa — YKpaiHChKa, aHIJTIHChKA.

EfeKTpOHHA CTOpiHKa JKyPHAILY —
phytotherapy.vernadskyjournals.in.ua

XKypnan € paxoBuM HayKOBO-IPAKTUIHUM PEIIEH30BAHIM
BUJIAHHSM JJIsI Iy OJlikaniii OCHOBHHX Pe3yJbTaTiB
JMCePTALifHIX POOIT y Tary3i MeIUYHUX, (hapMalleBTHIHHX,
010JIOTYHUX HAyK, Y TOMY YHCIi: MEIUYHA 1 Qi3HuHa
peabimitaris, eproreparis.

BinnoBiganbHiCTh 32 3MiCT, 100ip, JOCTOBIPHICTh HABEICHUX
y HayKOBO-NIPAaKTHYHUX MyOTiKallisx xKypHaty (aKxris,
CTAaTHCTUYHUX JAHUX, IIUTAT, HOCHIAHb HECYTh aBTOPH.
[epenpyk omyOIiKOBaHUX CTaTel MOKIIMBUIL 32 3TOTH
penakuii Ta 3 MOCHJIAHHIM Ha JDKEpelo.

Knis—2024

PexomennoBano 1o npyky Buenoro Pagoro TOB «EBponelichkuii
Mequ4HHH yHiBepcuTeT», M. J{rinpo (ITpotokon Ne 1 Bix 29 ceprus
2024 poky).

Kypnan Brimoueno no [eperniky HaykoBHX (haXOBHX BUIAHb
VYkpainu (kareropist «b») 3 610710TIYHUX, MEAUYHUX
Ta (hapMaleBTHYHNX HayK.

091. bionozis Binnosinno no Hakazy MOH Vkpainu

Big 15.04.2021 Ne 420 (momarok 3), 222. Meouyuna,

226. @apmayis, npomuciosa gapmayis BiIIOBIIHO

1o Hakasy MOH VYxpainu Big 27.09.2021 Ne 1017 (nomatoxk 3)
Ta 227. Qizuyna mepanis, epeomepanis

BianosigHo 1o Hakazy MOH Vkpainu Bix 06.06.2022 Ne 530
(nonatok 2).

Bxuoueno no HaykomerpryHoi 6azu SCOPUS 3 ciuns
2024 poxy (https://www.scopus.com/sourceid/21101210856)

[Migmucano no apyky: 20.09.2024 p.
Dopmar 60%84/8.

YM. apyk. apk. 26,04.

3am. Ne 1124/764

Haknan — 100 npum.

Jlu3aiin Ta BepcTka Muxansuenko M. C.

BunaBHunrtBo i apykapHs — Bunasauumii 1im «l enpBeTHKa»
65101, Ykpaina, M. Ozeca, Byn. [Hrmesi, 6/1

Tenedon +38 (095) 934 48 28, +38 (097) 723 06 08

E-mail: mailbox@helvetica.ua

CBigouTBO cy0’€KTa BUABHUYOI CIIPABH:
JIK Ne 7623 Bin 22.06.2022 p.

Aopeca peoakuii:

04123, Ykpaina, micto Kuis, Bys. UepBoHonijibcbka, 0ya. 2B
Tesnedonn: +38 (068) 824 76 08, +38 (050) 353 03 26
Enexkrponna nomra:
editor@phytotherapy.vernadskyjournals.in.ua
phitotherapy.chasopys@gmail.com
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