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ANALYSIS OF CURRENT DATA ON THE SAFETY AND EFFICACY
OF THE PHLOROGLUCINOL AND SIMETICONE COMBINATION (LITERATURE REVIEW)

Actuality. The article, based on studies of literary sources, provides data on the use of a combination of the herbal medicinal product of
spasmolytic action phloroglucinol with the absorbent simethicone for the treatment of functional disorders of the digestive tract. Phloroglucinol
has an antispasmodic effect, as a selective blocker of calcium channels, which suppresses spasm of smooth muscles while maintaining
peristalsis. Simethicone absorbs foam and gases, reducing flatulence, discomfort and pain in the gastrointestinal tract. The drug of plant
origin with a surface-active substance is a low-toxic compound effective for the therapy of functional disorders of the alimentary canal.

The purpose of the work. Analysis and generalization of experimental and clinical data on the safety and effectiveness of the
combination of simethicone and phloroglucinol.

Material and methods. An analysis of literary data from domestic and foreign literature was carried out to assess the clinical effectiveness
and safety of using a combination of a herbal preparation with antispasmodic action of phloroglucinol with the absorbent simethicone. To
assess clinical efficacy and safety, the authors used a literature review based on PubMed, MEDLINE, Web of Science, and Scopus databases.
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Research results. The effectiveness and safety of the combined mechanism of action of phloroglucinol and simethicone for the
treatment of functional disorders of the digestive tract is shown.

Conclusion. The drug based on phloroglucinol and simethicone is an effective and safe therapeutic agent for the additional
treatment of functional disorders of the alimentary canal.

Key words: phloroglucinol, simethicone, digestive tract, intestinal disorders, evidence-based medicine.
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YIOHATLHUX PO31a0i6 MPaHO20 KaHaLy. DIOPOIIOYUHOL GUABTAE CNASMOTIMUYHULL eeKm K celeKmusHull OIOKAmop Kantbyieux
Kauanie, AKull NPUSHIYye Cnasm 21a0eHbKux M a3i6 npu 3o0epexceri nepucmanvmuxu. Cumemuxon abcopoye niny il easu, 3MeHuyoyu
Memeopusm, ouckom@opm i 6inb Y WIIYHKOBO-KUUKOSOMY mpakmi. [Ipenapam pociunno2o noxXoO0dxiceHHs: 3 NOGePXHEEO AKMUBHOIO

PEUOBUHOK € MATOMOKCUYHOIO CHOYKOIO, eheKmuHo0 05 mepanii QyHKYIOHANbHUX PO3NA0I6 MPABHO20 KAHATLY.
Mema 0ocniorncenna — ananiz ma y3a2anbHenHs eKCnepUMeHMAaIbHUX I KATHIYHUX OaHUX Wo00 be3neku il echekmuerHocmi Komoina-

yii npenapamy cumemurkony ma QropocnoyUHONY.

Mamepian i memoou. [Ipoananizosano nimepamypui 0ani eimuusnaAnoi ma 3apy6ixncroi rimepamypu O OYiHIOBAHHS KATHIUHOT
epexmusrocmi U be3neuHocmi BUKOPUCMAHNA KOMOTHAYTT npenapamy poCciuHHO20 NOXOOHCEHHS 3 CHASMONIMUYHON OI€I0 (propo2iio-
yunony 3 abcopbenmam cumemuxonom. s oyinioeans Kainiunoi egpekmueHocmi ma 6esnexu asmopu UKOPUCMAny 02150 limepa-
mypu na ocnogi 6az oanux PubMed, MEDLINE, Web of Science i Scopus.

Pesynomamu oocniorncenns. [loxkazana echexmugnicms i b6e3nexa KomMOIHOBAHO20 MeXaHI3MY Oii PLOPOTIOYUHOTY A CUMEMUKOHY

07151 iKY 8ANHS (YYHKYIOHATLHUX PO3NAOI6 MPABHO2O0 KAHATLY.

Bucnoeok. IIpenapam na ocnogi (propoznioyunony ma cumemuKkony € epekmuenum i Oesneunum mepanesmuyHum 3acobom ous
000amK08020 NIKYBaHHS (DYHKYIOHATLHUX PO31A0I8 MPABHO20 KAHATY.
Knrouogi cnosa: gropoznioyunon, cumemukon, mpagnuil Kanai, KUUWKOSI po31aou, 00Ka306a MeOUYUHA.

Introduction. Functional intestinal disorders are
some of the most common diseases, registered by pri-
mary care doctors and specialized gastroenterological
clinics. Notwithstanding their benign character, these
diseases substantially affect health-related quality of
life. At present, among therapeutic options for functional
intestinal disorders medical therapy prevails and the
treatment, as a rule, is aimed at the relief of dominating
symptoms (Aboubakr & Cohen, 2021).

As itis recognized that the changed motility underlies
the majority of intestinal disorders, spasmolytics remain
a mainstay for pharmacological treatment. Spasmolytic
agent phloroglucinol has been used for decades and has
proven its efficiency for the relief of these symptoms in
several clinical trials. It is often prescribed in combina-
tion with intestinal absorbents, such as simethicone (Ben
Ner et al., 2023; Koshurba et al., 2023).

The medicinal products based on this combination
have been present already for a long time in the global
pharmaceutical market. The first combination of sim-
eticone and phloroglucinol dihydrate was registered
in 1996 in France, that is, more than 25 years ago, as
additional remedy for treatment of functional intesti-
nal symptoms, in particular, meteorism and diarrhea.
At present time, this product is still marketed in the EU
countries. In Ukraine, this product has been marketed
since 2011 (Tkach, 2020).

Phloroglucinol is a secondary metabolite of natural
(plant) origin. In nature, it is found in some types of plants,
it is also produced by brown algae and bacteria. It is a part
of flavones and catechins in the form of glycosides, in
particular, it is part of flavone and anthocyanin pigments,
giving color to colors. The name of the substance is due to
its distribution in plants (fluoro-) and sweet taste (-glucin)
(Bai et al., 2024; Blanchard et al., 2018).

Pharmacologically, phloroglucinol dihydrate is a
nonatropine antispasmodic, a selective blocker of cal-
cium channels, which prevents the development of
spasm of smooth muscle cells without causing atony or
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hypotonia of the intestines. Unlike non-selective anti-
spasmodics, phloroglucinol has no systemic side effects
(Jung et al., 2021). One of the mechanisms of action of
phloroglucinol is its inhibitory effect on the process of
lipid peroxidation, which reduces inflammation. As a
result of the complex combined mechanism of action of
phloroglucinol, an antispasmodic effect is realized at the
level of the body: spasms of smooth muscles are sup-
pressed with preserved peristaltic activity.

Simethicone is an inert, non-toxic surfactant with
an antifoaming action that reduces abdominal disten-
sion, discomfort, and pain. It acts on the surface of air
bubbles, reducing their surface tension and contribut-
ing to their dispersion. Simethicone can act as a topical
mucosal barrier, providing protection against irritants
such as stomach acid, bile salts and bloating (Beaufort
et al., 2023; Meier et al., 2007).

Simethicone is not absorbed by the mucous mem-
brane of the gastrointestinal tract; it is chemically inert,
non-toxic and does not cause side effects. By adding
simethicone to antispasmodics in the treatment of irrita-
ble bowel syndrome, general symptoms and bloating are
reduced (Martinez-Vazquez et al., 2012).

The phloroglucinol and simeticone combination has
been used for a long time in a number of pathologies of
the gastrointestinal tract, therefore it is important to ana-
lyze the effectiveness and safety of the combination from
the point of view of evidence-based medicine, which
involves improving the results of patient treatment by
facilitating informed decision-making, optimizing the
choice of treatment and reducing the use potentially
ineffective interventions (Galkin et al., 2018; Ratnani
et al., 2023). The highest level of evidence is considered
to be a systematic review and meta-analysis of relevant
medical technologies (Grigorieva et al., 2019; Ratnani
et al., 2023; Shesterenko et al., 2023).

The purpose of the work is to analyze and gener-
alize actual data on the safety and effectiveness of the
combination of drugs simethicone and phloroglucinol.
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Reports on studies of safety and efficiency of sim-
eticone. Simeticone is physiologically inert mixture of
completely methylated linear siloxane polymers, sta-
bilized by silicon dioxide. As such, it does not have
pharmacological properties and usually is used as an
excipient (Goodman & Gilman's, 2020). It has physical
antifoaming properties and is used as an agent against
meteorism. It decreases liquid surface tension, thus
causing the merging of gas bubbles in intestine and pro-
moting their dispersion. Simeticone is also used as anti-
foaming agent in radiology and gastrointestinal endos-
copy (Martindale, 2005).

Simeticone is a non-toxic surface-active agent, based
on silicone, a foam suppressant. It eliminates air bub-
bles in meteorism by changing their surface tension. The
evolving gas is absorbed and/or eliminated in natural
way. Simeticone acts exclusively on the gas bubble sur-
face and is not absorbed by mucous membrane of gas-
trointestinal tract.

Simeticon is the most well-known and safe antiflat-
ulent, used for almost fifty years for symptomatic treat-
ment of meteorism and as premedication before radio-
logical, endoscopic, and sonographic examinations of
gastrointestinal tract (Rémy et al., 2007). It increases lig-
uid surface tension and destroys small gaseous bubbles
in foam, causing antifoaming and antiflatulent effects.
Simeticone is not absorbed; it is chemically inert, non-
toxic, and does not cause adverse effects. This sub-
stance is non-toxic, with efficiency and safety proved by
numerous studies.

Simeticone products are available in the EU and are
indicated for pediatric use for symptomatic relief of dys-
pepsia, heartburn, meteorism, pressing pain, and infant
colics. The majority of simethicone products, available in
the UK, are indicated for children older than 12 years, only
one product in the form of peroral suspension (40 mg/ml)
is indicated for infants (age is not specified). Dosing for
infants is 2040 mg (0.5-1.0 ml) before each feeding.
In the UK simethicone forms are available as one tablet
and two capsules with dosing of 100-125 mg, indicated
for children older than 12 years three-four times daily.
According to the information from the pharmacovigilance
database from the period from 01.07.1963 till 14.07.2016,
29 spontaneous reports of suspected adverse events were
registered, associated with simethicone-containing prod-
ucts, used orally by children, however, no new safety data
were revealed that would necessitate regulatory actions
(Simeticone, 2006).

The double-blind placebo-controlled study of sime-
thicone efficiency and tolerability in the therapy of post-
surgical meteorism was performed in patients after the
Caesarian section. Its results have demonstrated signif-
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icant decrease in analyzed subjective complaints (nau-
sea, vomiting, meteporism, abdominal discomfort, and
abdominal pain) compared to placebo. In patients, who
received simeticone, peristaltic movements developed
in 100% of cases during the first days in the simeticone
group, and only in 30% in placebo group. Meteorism also
developed in all patients from simeticone group, com-
pared to 20% in placebo group. Based on the obtained
results, considering the product’s non-toxicity, its chem-
ically inert properties, food tolerability, and simplicity
of use, the authors consider simethicone very useful for
the prevention and treatment of post-surgical discomfort
due to gas accumulation and gastrointestinal tract dis-
tension after Caesarian section (Avramovi¢ et al., 1979).

In the monitoring study by Michigan Medicaid
Recipients, covering completed pregnancies in the
period between 1985 and 1992, the authors registered
248 newborns, exposed to simeticone in the I trimes-
ter. They revealed 14 (5.6%) large birth defects against
11 expected. The specific data, available for 6 catego-
ries of birth defects (registered/expected), are the fol-
lowing: cardiovascular system — 6/2; polydactyly — 2/1;
spina bifida — 0/0; orofacial cleft — 0/0.5; reduction limb
defect— 0/0.5; hypospadia — 1/0.5. Only the cases of car-
diovascular birth defects allow for possible association.
However, other factors, such as maternal diseases, use
of other products, and eventuality affected the cases with
stronger probability, as simeticone is not absorbed.

Simeticone is prescribed, as a part of antacid ther-
apy before the Caesarian section. No associated adverse
effects in newborns are reported.

One placebo-controlled study examined simeticone
efficiency in diagnostic tests of intestine. This study
included 86 patients, who received either simeticone
(n=42), or placebo (n=44) in addition to peroral sodium
phosphate to determine if simeticone improved visuali-
zation during colonoscopy. Five zones of the large intes-
tine (rectosigmoid colon, descending colon, transverse
colon, ascending colon, and caecum) were assessed for
the presence of air bubbles after endoscope removal.
Thirteen patients in placebo group and only one patient
in the simeticone group had a significant number of air
bubbles. In addition, the average number of bubbles
was higher in placebo group in each zone of transverse
colon. This study shows that the use of simeticone
together with sodium phosphate may improve visibility
in the large intestine, decreasing the presence of bubbles.
Such improved visualization may promote the detection
of pathological lesions on intestinal mucous membranes
(Sudduth et al., 1995).

One double-blind placebo-controlled study examined
simeticone efficiency in treatment of functional gastroin-
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testinal disorders. In total, 41 subjects participated in the
study, randomized into two groups, with simeticone or
placebo. The treatment course was ten days. The simet-
icone group demonstrated significant decrease in symp-
toms of functional gastrointestinal disorders: meteorism
(P<0.001), sensation of heaviness (P<0.001), flatulence
(P<0.005), distension (P<0.03), and stomach disorders
(P<0.02) compared to placebo. Additionally, global
rating showed significant clinical efficiency in patients
with simeticone compared to placebo. The authors con-
cluded that simeticone was a safe and efficient agent for
decrease of symptoms of functional gastrointestinal dis-
orders (Bernstein et al., 1974).

Capsule endoscopy is a new method of visualization
of the entire small intestine. Capsule endoscopy was per-
formed on 36 patients, who fasted for 24 hours before per-
oral administration of capsule. Before capsule endoscopy,
18 patients received simeticone 80 mg, and 18 patients
did not receive additional agents for intestine prepara-
tion (Albert et al., 2004). During endoscopy, the authors
assessed the visibility of the mucous membrane and the
presence of intraluminal gas bubbles. It was demonstrated
that simeticone promoted much better visibility with a
lesser number of intraluminal bubbles (p<0.01), the vis-
ibility was excellent. No adverse effects of simeticone
were observed. The authors concluded that simeticone
may be added to routine preparation for capsule endos-
copy for improvement of visibility of small intestinal
mucous membranes (Albert et al., 2004; Ge et al., 2006).

The systemic review and meta-analysis of rand-
omized controlled studies of simeticone use in endos-
copy were carried out. The authors examined the effect
of this agent on the following endpoints: quality of
small intestine visualization, speed of performance, pas-
sage time through stomach, passage time through small
intestine, diagnostic efficiency, intestine preparation effi-
ciency, the number of air bubbles, and the duration of
the procedure. In total, 13 studies were suitable for this
meta-analysis; 4 studies were detected that compared
laxatives or fasting plus simeticone and laxatives or only
fasting for capsule endoscopy. For the patients, who
additionally received simeticone before capsule endos-
copy, the quality of small intestine visualization was
significantly better ([Odds Ratio] OR=2.84, 95% Con-
fidence Interval: 1.74-4.65, p=0.00), while the percent-
age of completion was comparable (OR=0.80, 95% CI:
0.44-1.44, p=0.454). Also, 7 studies were identified that
compared laxatives plus simeticone with only laxatives
for colonoscopy. For the patients, who received addi-
tional simeticone before colonoscopy, the effectiveness
of large intestine preparation was comparable (OR=2.06,
95% CI: 0.56-7.53, p=0.27), however, the number of air
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bubbles decreased significantly (OR=39.32, 95% CI:
11.38-135.86, p=0.00). According to the results of the
performed studies the authors concluded that the addi-
tional use of simeticone before endoscopy improved the
visualization quality of the small intestine, especially in
patients without laxatives, however, it did not affect the
speed of completion of capsule endoscopy and decreased
the air bubbles in large intestine lumen (Wu et al., 2010).

In the study of Gibstein A. et al., the results and sta-
tistical data are presented of the double-blind clinical
trial in the period from July 1, 1964, till December 31,
1968, including 400 woman-patients, from whom
265 patients received simeticone and 135 did not receive
simeticone. The product was used, in addition to the
usual post-surgical procedure. It was shown that sim-
eticone use by patients after gynecological and obstet-
rical procedures decreased gastrointestinal discomfort
(Gibstein et al., 1971).

Simeticone is widely used in clinical practice, as
anti-foaming agent. By decreasing surface tension of
bubbles in the gastrointestinal lumen a bubble may be
removed and image quality may be enhanced. In addi-
tion, this may lessen abdominal flatulence, which causes
significant decrease in the number of patients with gas-
trointestinal discomfort symptoms. The study was per-
formed, aimed at assessment of simeticone effects during
intestine preparation for colonoscopy. This meta-anal-
ysis included eighteen randomized controlled studies
in 7187 patients. Polyethylene glycol with simeticone
improved purgation of the large intestine (P<0.00001),
polyps (P=0.006), and the speed of lesion detection in
the right colon (P<0.00001) compared to polyethyl-
ene glycol alone. There were no differences in adeno-
mas (P=0.68), time of elimination (P=0.06), the rate of
caecum intubation (P=0.98), and the time of caecum
intubation (P=0.65) between the 2 groups. The rate of
abdominal flatulence was higher in the polyethylene gly-
col group, however, there were no significant differences
in vomiting (P=0.65) and abdominal pain (P=0.25). The
authors concluded that simeticone improved the quality
of purgation of the intestine, but not adenoma. Besides,
simeticone improved the speed of detection of lesions
in the right colon and decreased abdominal distension,
however, it did not affect vomiting, pain, and abdominal
spasms (Liu et al., 2021; Moolla et al., 2019).

The researchers conducted a randomized, place-
bo-controlled, double-blind clinical trial, aiming at the
assessment of simeticone efficiency during preparation
for esophagogastroduodenoscopy. The candidates for
scheduled esophagogastroduodenoscopy received a sim-
eticone chewing tablet 40 mg (n=90) or placebo (n=83)
with 3 ml of water, 15-30 min. before esophagogastrodu-
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odenoscopy. Air/foam bubbles during the endoscopy were
assessed by 4-point scale, and patient satisfaction with
endoscopy was assessed from 0 to 10 points. According
to the study results, the quantity of gastric, but not duode-
nal foam/bubbles was significantly less in the simeticone
group compared to the placebo (P=0.002). The duration
of endoscopy was, on average, one minute less in simeti-
cone group versus placebo (P <0.001). Patient satisfaction
with the procedure was the same in both groups. There-
fore, simeticone administration before esophagogastro-
duodenoscopy decreases the quantity of gastric foam and
bubbles and provides better visibility for the assessment
of mucous membranes. It also decreases the endoscopy
duration (Ahsan et al., 2011).

One randomized double-blind placebo-controlled
study assessed the efficiency and tolerability of lavage
by polyethylene glycol-electrolytic solution (PEG-ELS)
with and without simeticone during preparation for colo-
noscopy in 115 patients with Crohn's disease and ulcer-
ative colitis (Lazzaroni et al., 1993). Patients received
either PEG-ELS 4 L plus placebo, or PEG-ELS 4 L plus
simeticone. In 105 patients, who completed the study,
the efficiency of large intestine lavage was virtually
comparable for both regimens, although the addition of
simeticone significantly decreased gas bubble formation
in the intestine. Also, simeticone group showed signif-
icant decrease in general malaise and sleep improve-
ment. Therefore, the use of PEG-ELS with simeticone
is an efficient method of intestinal lavage, which may
be used in patients with inflammatory bowel diseases.
The patients tolerated well simeticone in addition to the
traditional formulation (Lazzaroni et al., 1993).

Martinez-Vazquez M.A. et al. presented meta-anal-
ysis of randomized controlled clinical trials for the
period from January 1960 to May 2011, noting the clin-
ical effectiveness and tolerability of combinations of
spasmolytic agents with simeticone for the treatment
of Irritated Bowel Syndrome. 27 studies were identi-
fied, examining the efficiency of pinaverium bromide,
mebeverine, otilonium, trimebutine, alverine, gioscine,
alverine/simeticone, pinaverium/simeticone, fenoverine,
and dicyclomine. In total 2585 patients were included in
meta-analysis. Global improvement was 1.55 (CI 95%:
1.33-1.830). The authors concluded that the use of spas-
molytic agents was more efficient than a placebo in IBS
therapy, without significant adverse effects. The addition
of simeticone improved the characteristics of spasmo-
lytic agents (Martinez-Vazquez et al., 2012).

Irritated Bowel Syndrome is a functional intesti-
nal disease, characterized by chronic abdominal pain,
discomfort, abdominal flatulence, and intestinal disor-
ders without any organic causes. At present there is no
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objective result of treatment efficiency in this disease.
Lopez-Alvarenga J.C. et al. performed a clinical study,
assessing the efficiency of IBS treatment with simet-
icome and pinaverium bromide. 1677 patients partici-
pated in this study, who received pinaverium bromide
100 mg and simeticone 300 mg. After administration
of pinaverium bromide and simeticone the patients
demonstrated a marked reduction of pain and flatulence,
independently of the IBS subtype. The plateau was
not achieved in 4 weeks, however, during this period a
maximal improvement was achieved. Polar vector anal-
ysis showed significant improvement in patients with
IBS-C during the first two weeks of treatment and stable
improvement for the next two weeks (Lopez-Alvarenga
etal., 2013).

Simeticone and N-acetyl cysteine are widely used
for improvement of endoscopic visibility. A one-cen-
tre prospective randomized study was carried out from
September 2011 to February 2012. 1849 patients were
treated prospectively in three groups: group A: 100 mg
of simeticone suspension in water 5 ml; group B: 100 mg
of simeticone suspension in water 100 ml; and group C:
100 mg of simeticone suspension in water 100 ml, con-
taining 200 mg of N-acetyl cysteine. The visibility of
mucous membranes was assessed in seven zones of the
upper gastrointestinal tract. Total score was the general
assessment of mucous membrane visibility. The upper
abdominal zone had the worst visibility parameter for all
groups. Total assessment of mucous membrane visibility
in groups B and C was significantly lower than in group A.
In group C there were significantly fewer patients, who
required endoscopic lavage, compared to groups A and B.
The total assessment of mucous membrane visibility for
groups B and C was significantly lower than for group
A during 30 minutes from the start of premedication.
After more than 30 minutes of premedication, there was
no significant difference in total visibility parameter of
mucous membrane between the groups. Premedication,
using simeticone 100 mg in water 100 ml improves
endoscopic visibility. The addition of N-acetyl cysteine
to simeticone in water 100 ml decreases the need for
endoscopic lavage. In patients, who cannot tolerate large
volumes of fluid, authors recommend administering 5 ml
of simeticone suspension more than 30 minutes before
endoscopic examination of upper gastrointestinal zones
(Chang et al., 2014).

The combination of citrate alverine and simeticone
has been used for more than 20 years in irritated bowel
syndrome (IBS). In this double-blind, randomized,
placebo-controlled trial 412 patients with IBS were
included, who complied with the criteria ROME II1, if
the intensity of their pain/abdominal discomfort was a
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minimum of 60 mm per 0-100 mm. The patients were
randomized using an interactive voice response system
for the use of alverine citrate 60 mg with simeticone
300 mg three times daily, or corresponding placebo for
4 weeks. Full analysis set included 409 patients. On
week 4 the group of alverine citrate and simeticone had
the lowest parameters of abdominal pain/discomfort by
visual analogue scale (median: 40 mm versus 50 mm,
P=0.047) and higher response level ((46.8% versus
34.3%, OR=1.3); P=0.01) compared to placebo group.
Patients, who received alverine citrate and simeticone
reported better global improvement of symptoms versus
placebo group (P=0.0001). Therefore, combination of
alverine citrate/simeticone was significantly more effi-
cient than a placebo for the relief of abdominal pain/dis-
comfort in IBS patients (Wittmann et al., 2010).

Reports on studies of efficiency and safety of
phloroglucinol dehydrate.

Phloroglucinol (1,3,5-trihydroxybenzene) — is a
non-atropinic spasmolytic, which spasmolytic effect on
smooth muscles was first demonstrated in animals. It was
shown that phloroglucine weakened induced contractions
in gastrointestinal system. The agent is effective in the
entire gastrointestinal tract. Later, the researchers studied
phloroglucinol effects on contractions in isolated rat and
rabbit intestines. It was established that spasmolytic prop-
erties of phloroglucinol were associated with the inhi-
bition of catecholamine-O-methyltransferase (COMT),
which enhanced the inhibiting effects of catecholamines
on intestine (Inoue, 1969; Polez et al., 2024).

The pharmacokinetic profile of phloroglucinol after
peroral and intravenous administration was studied in
rats (Dollo et al., 1999).

In this study, the radioactivity in blood and tissues
was measured after a single intravenous injection of
50 mg/kg (130 pCi/mg) of radioactively labeled phloro-
glucinol (*H-phloroglucinol) (Keramaris et al., 2020).

Plasma elimination half-life was about 15 min.
15 minutes after the administration the highest con-
centration was registered in kidneys (5.9 ug/g), liver
(6.0 pg/g), and intestine (4.6 pg/g). After 48 hours the
concentrations in liver and muscles were, respectively,
2 ng/g and 1.1 pg/g. The amount, detected in urine and
feces 48 hours after the injection corresponded to 4.2 and
22.1% of the administered dose. About 70% of adminis-
tered dose of *H-phloroglucinol is not eliminated; there-
fore, the compound may have radio-colloidal properties
and adhere to blood vessels.

Phloroglucine, given to rats at a dose of 100 mg/kg, was
absorbed rapidly and completely, (Timax=30 minutes);
its elimination half-life was short (about 30 minutes), and
distribution volume and total clearance were high (respec-
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tively, 3.31 I/kg and 72.5 ml/min./kg) (Dollo et al., 1999).
Such results suggest that phloroglucinol is widely distrib-
uted in the body, where it is rapidly metabolized.

Phloroglucinol is eliminated with urine both in
unchanged form and as hydroxylated metabolites and
glucuronic and sulphate conjugates, such as dimetoxy-
1,3-hydroxy-5-benzene or trimetoxybenzene. These
metabolites are formed in the liver by O-methylation
(Keramaris et al., 2020).

Functional intestinal disorders are a complex therapeu-
tic task for clinical practice. At present, among therapeutic
options medical therapy dominates, however, none of the
therapeutic strategies has a proven benefit for all patients
with functional intestinal symptoms, and the treatment
is tailored for the relief of principal symptoms. As it is
recognized that the changes in motor activity underlie
the majority of functional intestinal symptoms, spasmo-
lytics remain the mainstay of medical treatment. Spas-
molytics are recommended for the treatment of patients
with abdominal pain and/or abdominal flatulence with-
out intestinal flatulence, as the principal symptoms. As a
spasmolytic, phloroglucinol has been used for decades. It
has proven its efficiency for the relief of abdominal symp-
toms in several clinical trials. It was demonstrated that it
decreased abdominal spasms, with significant decrease in
the number and amplitude of phase contractions, acting
directly on smooth muscle of the large intestine. In the
French study of symptoms assessment and treatment of
functional gastrointestinal symptoms in 1266 patients in
1999, phloroglucinol was the third out of eleven agents,
used for such disorders, and 71% of patients after phloro-
glucinol treatment noted its efficiency.

Seventy-two patients with irritated bowel syndrome
(IBS), corresponding to Rome criteria III, were rand-
omized 1:1 in the double-blind design in parallel groups,
to obtain phloroglucinol or placebo for 2 weeks. The
patients were followed up for 1 week after the end of
treatment. The principal result was the share of patients,
who responded to treatment, determined as patients with
“moderate or larger improvement” according to general
subject assessment for at least 1 week during a 2-week
treatment period. The secondary results included the
share of such patients during 3-week period, including
1 week of follow-up, IBS symptoms (abdominal pain/
discomfort, diarrhea, defecation urgency, mucus in
feces, abdominal distension, and meteorism), stool fre-
quency and consistency, and life quality with IBS. The
share of responders during 2-week treatment period was,
as a rule, higher in the phloroglucinol group versus pla-
cebo, however, without reaching statistical significance
(55.6% versus 30.6%, P=0.056). The share of respond-
ers during 3-week period was significantly higher in
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the phloroglucinol group versus placebo (61.6% versus
30.6%, P=0.013). Individual assessments of symptoms,
IBS, stool frequency, and consistency showed tendency
to improve in the phloroglucinol group, however, with-
out statistical significance versus placebo group. No
serious adverse events were registered in both groups
(Shin et al., 2020).

There are many clinical proofs of phloroglucinol effi-
ciency for symptom improvement in literature, caused
by functional intestinal disorders.

A randomized double-blind placebo-controlled
study evaluated phloroglucinol safety and efficiency in
40 patients with IBS (17 males, 23 females)
(Rautereau et al., 1987). The treatment was given orally
(two tablets of phloroglucinol or placebo twice daily) for
two months. The principal efficiency endpoints were the
frequency of spontaneous pain episodes (number of epi-
sodes per day or week), and the intensity of such episodes
(assessment: O=zero; 1=low, 2=medium, 3=high) during
treatment. Safety analysis was based on adverse effects,
registered throughout the study. In total, 33 patients
were included in intent-to-treat population, one phloro-
glucinol patient was excluded due to poor compliance,
and the data was absent for the full assessment of six
other patients (six patients with phloroglucinol and three
control patients). Both treatment groups were compara-
ble at baseline. The intensity of pain episodes was signif-
icantly lower in the phloroglucinol group versus placebo
group, both after one (D30), and after two months of
treatment (D60) (ANOVA, p<0.05) Pain episodes were
also significantly less frequent in phloroglucinol group
versus control (three-way ANOVA, p<0.01).

The researchers performed an open (quasi-interven-
tional) study to assess phloroglucinol in patients with
irritated bowel syndrome. For the period from Febru-
ary 2004 to September 2004 100 patients were enrolled
in the study, who consulted Gastroenterology Clinics
of Aga Khan University Hospital for IBS, determined
by Rome criteria I, and received outpatient treatment.
Phloroglucinol (Himont) 50 mg was used perorally three
times daily for two months. The symptoms were assessed
before and during treatment by questionnaire. A hundred
patients were included in the study. They included 61%
(61/100) males and 39% (39/100) females. The average
patient age was 41 +/- 14 years. Sixty-eight patients
completed the study, and 28 patients withdrew. During
phloroglucinol treatment the authors registered general
statistically significant improvement in abdominal pain
(p<0.001), daily stool frequency (p<0.001), defecation
urgency (p<0.001), mucus excretion through rectum
(p<0.001), sensation of incomplete emptying (p=0.001),
and abdominal distention (p=0.001). However, both gen-
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ders did not show a response to tension characteristics
during defecation (p=0.676). The analysis of response
to treatment by genders showed statistically significant
improvement of incomplete emptying only in females
(p=0.003). The authors concluded that a phloroglucinol
dose of 50 mg three times daily is efficient and well-tol-
erated in IBS patients. Phloroglucinol improved the
majority of IBS symptoms (Jafri et al., 2000).

Pain and spasms of the urinary and biliary tract dete-
riorate quality of life. Treatment with analgesics, such as
non-steroidal anti-inflammatory drugs and modulators
of parasympathetic system is not always tolerated and
often requires additional therapeutic options. The aim
of this analysis was to assess the pharmacokinetics and
efficiency of peroral and parenteral products based on
phloroglucinol for decreasing pain and spasms, associ-
ated with renal or biliary colics. Four multi-centre, open,
randomized, comparative studies of phase 3 were con-
ducted to assess clinical efficiency and safety in patients
with pain and spasms of urinary or biliary tract. The
respective patients were randomized to receive phloro-
glucinol peroral or as intramuscular (i/m)/intravenous
(i/v) injections and reference product dexketoprofen for
urinary spasms and pain, NSAID metamizol, or refer-
ence scopolamine-based product for biliary colics. The
primary results were symptoms and observed spasm
frequency, while the secondary results were duration of
improvement, or time between the drug administration
and repeated manifestation of symptoms. The groups
were compared by quantitative attributes with a T-test
for independent samples, or the Mann-Witney crite-
rion. Intra-group comparisons were performed with the
Wilkoxon test or T-test for dependent samples. Qualita-
tive attributes were analyzed by Pearson y2 criterion and
Fisher’s exact test. The study results allow concluding
that peroral and parenteral phloroglucinol-based prod-
ucts have the same efficiency for decreasing pain and
spasms, associated with renal and biliary colics, as the
modern therapeutic options. Therefore, phlorogluci-
nol may be considered useful for treatment of pans and
spasms, associated with urinary and biliary colics (Cor-
vino et al., 2022).

One placebo-controlled study showed that phloro-
glucinol and trimethyl phloroglucinol were non-spe-
cific spasmolytics, decreasing pain in patients with IBS
(Annahazi et al., 2014). Another study was designed to
assess phloroglucinol efficiency in combination with
its methylated derivative trimethyl phloroglucinol for
pain intensity during acute exacerbation of IBS-associ-
ated pain for one-week period of treatment (Chassany
et al., 2007). IBS patients, who sought medical aid due
to exacerbation of abdominal pain, were randomized to
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obtain phloroglucinol/trimethyl phloroglucinol (62.2 mg
phloroglucinol + 80 mg trimethyl phloroglucinol, two
tablets three times daily) or placebo for seven days.
Patients were included, if they felt pain with minimal
intensity 40 (by 100-mm visual analogue scale) and
experienced the pain a minimum of two days a week
before the induction. Intent-to-treat population included
300 patients (73% females) aged 46.9 + 14.8 years. Rela-
tive decrease of pain intensity by day 7 was 57.8 £ 31.7%
versus 46.3 = 34.7%, and the percentage of patients with
a pain intensity decrease of minimum 50% was 62% ver-
sus 47%, respectively, in the groups of phloroglucinol/
trimethyl phloroglucinol and placebo. It was shown that
one week of treatment with phloroglucinol/trimethyl
phloroglucinol significantly decreased pain intensity in
patients with irritated bowel syndrome.

The report of the Tura Regional Pharmacovigilance
Centre, dated July 2008 assessed 62 serious adverse
allergic reactions between 1995 and 2006 in patients,
using peroral forms of phloroglucinol. The reactions
included: 11 cases of anaphylactic shock, 18 cases of
angioedema, 3 cases of urticaria, 6 cases of skin vas-
culitis, 11 cases of skin rash, 2 cases of pruritis, 2 cases
of acute generalized exanthematous pustulosis, 7 cases
of bullous rash, including 4 cases of Lyell’s syndrome,
and 1 case of anaphylactic shock after phloroglucinol
suppository. These adverse effects were mentioned for
injection phloroglucinol-containing product, however,
not for peroral products.

Analytical summary of the efficiency and safety
studies of the simeticone and phloroglucinol dihydrate
combination. Efficacy and safety aspects during a clin-
ical study. It should be noted that simeticone does not
possess any pharmacological properties; it just physically
affects gastrointestinal gases. Therefore, it does not influ-
ence the pharmacological effects of phloroglucinol.

After oral use, phloroglucinol is rapidly absorbed
and metabolized during the first pass through the liver
and is eliminated as metabolites mostly via urine. Time
to maximal plasma concentration T — 1 hour, with
C, .. 2.74 mg/ml, and the elimination half-life T , is
2 hours. Its systemic bioavailability after peroral admin-
istration is 30%.

After peroral use, phloroglucinol dihydrate is easily
absorbed, primarily metabolized in liver, and is excreted
mostly as metabolites in urine. Time to maximal plasma
concentration T _ is 1 hour, C__ is 2.74 mg/ml, and the
elimination half-life T,, is 2 hours. The systemic bio-
availability of phloroglucinol dihydrate is 30% after
oral administration. Clinical studies confirm the relaxing
effects of phloroglucinol dihydrate on smooth muscle of
the gastrointestinal tract. Phloroglucinol dihydrate inhib-
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its excessive enterokinesis of segmental and large intes-
tine, which usually develops in patients with functional
intestinal disorders, as a reaction to meals. Simeticone is
a non-toxic inert silicon surface-active substance that pre-
vents formation and promotes collapsing of gas bubbles.
Due to the decrease in liquid surface tension, the com-
bination of these active substances causes the melting of
gas bubbles in gastrointestinal tract, which induces phys-
iological dissipation and emission of gas. Simeticon pre-
vents gas-produced defects during ultrasound or radiolog-
ical visualization. Simeticone is not absorbed in the body,
it passes through gastrointestinal tract and is eliminated in
unchanged form (Wu et al., 2010).

Clinical efficiency of a combination of simeticone
and phloroglucinol dihydrate for the treatment of func-
tional intestinal symptoms was demonstrated in several
trials during the last decades. One of them was car-
ried out in the Ukrainian Research and Practical Cen-
tre of Endocrine Surgery, Transplantation of Endocrine
Organs and Tissues of the Ministry of Health of Ukraine.
The study was aimed on estimation of the simeticone
and phloroglucinol combination efficacy and safety in
patients with irritable bowel system (IBS).

The study involved 62 patients with IBS aged 23
to 60 years (mean age 38 + 16 years), from them
42 women and 20 men. In all involved patients with IBS,
organic intestinal pathology was excluded by means of
colonoscopy, and the IBS diagnosis was determined in
accordance with the Rome criteria IV. The patients were
randomized into two groups depending on the treatment
scheme: the research group (32 patients) and the con-
trol group (30 patients). In the control group, patients
with IBS have been treated by the basic therapy, which
involved therapy by loperamide on demand (IBS with
diarrhea), psyllium on demand (IBS with constipation)
and antispasmodic (mebeverine 1 capsule twice a day)
for 1 month. Patient’s diet predicted restriction of fer-
mentable oligo- and monosaccharides. In the research
group, patients with IBS have been treated with the
simeticone and phloroglucinol combination instead of
mebeverine against the background of basic therapy
(2 capsules thrice a day before meals, during 1 month).

It was determined that 15 of 30 patients in the con-
trol group (50%) reacted positively to mebeverine treat-
ment, while 20 of 32 patients in the main group (62.5%)
reacted positively to the simeticone and phloroglucinol
combination treatment, which was significantly higher
(p < 0.05). In particular, the severity of pain and diar-
rheal syndromes according to the GSRS questionnaire
after the simeticone and phloroglucinol combina-
tion treatment was significantly lower than in patients
of another group. Quality of life indicators, such as
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general health, life and physical activity, in the main
group were statistically significantly higher than in the
control group. No significant adverse side effects were
detected when taking the simeticone and phloroglucinol
combination. None of the patients with IBS without con-
stipation experienced constipation during treatment with
this drug (Tkach, 2020).

Number of individual cases by Age Group

Safety aspects of the fixed combination of simeticone
and phloroglucinol dihydrate. According to information
from the EudraVigilance database (source: https:/www.
adrreports.eu/en/search.html), which received information
from the European Medical Agency, for the combination
of simeticone and phloroglucinol dihydrate 95 reports were
presented on suspected adverse events (Fig. 1-3).
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Fig. 1. General characteristics of individual cases for the fixed combination according
to the EudraVigilance database (up to April, 14™, 2024)
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Fig. 2. Number of individual cases for the fixed combination by reaction groups (age groups) according
to the EudraVigilance database (up to April, 14", 2024)
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Fig. 3. Number of individual cases for the fixed combination by reaction groups (seriousness) according
to the EudraVigilance database (up to April, 14™, 2024)

Considering the above data, the following adverse
effects of this combination were registered. Serious
adverse events: blood and lymphatic system disorders
(2 cases), cardiac disorders (3 cases), endocrine disor-
ders (1 case), eye disorders (1 case), gastrointestinal
disorders (11 cases), general disorders and administra-
tion site conditions (8 cases), hepatobiliary disorders
(1 case), immune system disorders (2 cases), injury, poi-
soning, and procedural complications (5 cases), investi-
gations (2 cases), musculoskeletal and connective tissue
disorders (2 cases), nervous system disorders (2 cases),
psychiatric disorders (5 cases), renal and urinary disor-
ders (3 cases), respiratory, thoracic and mediastinal dis-
orders (3 cases), skin and subcutaneous tissue disorders
(11 cases), social circumstances (1 case), and vascu-
lar disorders (3 cases). Non-serious adverse events:
cardiac disorders (1 case), ear and labyrinth disorders
(6 cases), eye disorders (1 case), gastrointestinal dis-
orders (24 cases), general disorders and administration
site conditions (23 cases), infections and infestations
(2 cases), injury, poisoning and procedural complications
(12 cases), investigations (6 cases), musculoskeletal and
connective tissue disorders (2 cases), nervous system dis-
orders (11 cases), product issues (2 cases), psychiatric
disorders (9 cases), renal and urinary disorders (2 cases),
respiratory, thoracic and mediastinal disorders (3 cases),
skin and subcutaneous tissue disorders (20 cases), social
circumstances (1 case), and vascular disorders (5 cases).
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According to the data, reviewed by Transparency Com-
mittee in France (2017), for the original fixed combination
the conclusions were made that for the reporting period
from 2014 to 2017 no changes in the Summary of Product
Characteristics were introduced in the sections “Adverse
effects”, “Special warnings and precautions for use” or
“Contraindications”. From the time of the last assessment
by the Committee on 04.02.2014, the place of the origi-
nal fixed combination in therapeutic strategy remained
unchanged. The medicinal product is adapted to the con-
ditions of prescription according to its indications, dosage,
and duration of treatment. This is the first line product after
a healthy lifestyle and diet (Commission, 2017).

Reports on serious cases. One case of drug deliv-
ery error was reported — confusion between the origi-
nal fixed combination and methotrexate in a 35-year-old
woman. She reported abdominal pain, stomatitis, and
thrombopenia after 5 days of treatment with a daily dose
of methotrexate 15 mg (6 capsules by 2.5 mg daily). The
patient discovered a medication error herself and was
immediately transported to the Intensive Care Depart-
ment. The result was favorable. The case report was
called “probably associated” with methotrexate.

DRESS syndrome was reported in a 70-year-old
woman, who used several drugs, including the original
fixed combination for 2—-3 months. She was hospitalized
due to erythrodermia, associated with bullous lesions,
mucous membrane lesions, hypotension, and dehydration.
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DRESS syndrome was diagnosed, and the most suspected
product was drospirenone and estetrol combination. The
result was favorable.

A case of drug delivery error between the original
fixed combination and methotrexate was registered in
an 88-year-old male. He reported abdominal pain after
3 days of treatment with daily dose of methotrexate
7.5 mg (3 capsules by 2.5 mg daily). The cardiologist dis-
covered the medication error, and the patient was imme-
diately hospitalized for abdominal surgery.

Reports on non-serious cases. A case of diffuse exan-
thema, associated with vesicles without fever and changes
in general condition was reported in a 65-year-old woman,
who received 3 days methotrexate in 2 capsules daily.
Recovery was registered after the original fixed combina-
tion cessation. Patch tests gave negative results for meth-
otrexate ingredients. The case report was called “unlikely
associated”.

There was a case of nausea and malaise in a woman,
who received the original fixed combination 6 capsules
daily. The reported case was not medically confirmed and
was considered undocumented.

3 cases of delivery error with the same product meth-
otrexate are known and followed up by two companies.
Such confusion was very rare, as the packages and indica-
tions for each product were very different.

During the covered period from January 2006 to July
2008, the original fixed combination was not withdrawn
from the market, also it was not subject to suspensions or
restrictions of distribution. No safety changes were intro-
duced to the text of the summary of product characteris-
tics (SPC) for the original fixed combination (changes in
sections, concerning warnings, precautions, interactions,
and overdose). All these data suggest that the original
fixed combination is well-tolerated.

Conclusions on benefit-risk ratio for the combination
of active substances simeticone and phloroglucinol dihy-
drate. Functional intestinal disorders are some of the most
common diseases, registered by primary care doctors and
specialized gastroenterological clinics. Notwithstanding
their benign character, these diseases substantially affect
health-related quality of life (Chang, 2004). At present,
among therapeutic options for functional intestinal dis-
orders medical therapy prevails and the treatment, as a
rule, is aimed at relief of dominating symptoms (Quartero
et al., 2005).

As it is recognized that the changed motility underlies
the majority of intestinal disorders, spasmolytics remain a
mainstay for pharmacological treatment (De Ponti et al.,
1998). Spasmolytic agent phloroglucinol has been used
for decades and has proven its efficiency for the relief of
these symptoms in several clinical trials (Louvel et al.,
1996; Jafti et al., 2006).

The fixed combination is an oral medicinal product,
containing both phloroglucinol and simeticone, marketed

.16

®ditoTtepanis. HYaconuc

since 1996 as additional remedy for treatment of func-
tional intestinal disorders, in particular, meteorism and
diarrhea (Golembiovska, et al., 2019; Tkach, 2020).

The efficiency and safety of the fixed combination
have been proven for many years of its use. Its adverse
effects are mentioned in SPC (Summary of product char-
acteristics, 2017). As no large-scale clinical trials were
performed to study the original fixed combination safety
in pregnancy and breastfeeding, the product should not
be prescribed to pregnant or breastfeeding females.
Therefore, the fixed combination is effective and safe
therapeutic product for additional treatment of func-
tional intestinal symptoms.

Conclusions. The proofs of efficiency and safety,
obtained in clinical trials demonstrate that the com-
bination of phloroglucinol dihydrate/simeticone is an
effective treatment of functional intestinal symptoms,
both concerning the development of general intense
symptoms, and the following specific symptoms, such
as “sensation of discomfort” and “other digestive
symptoms”.

The efficiency and safety of the fixed combination
are proven by many years of its use. According to the
international database VigiAccess (statistical data on
suspected side effects of drugs and vaccines, reported
in the framework of WHO Programme for Interna-
tional Drug Monitoring), at least for the period from
2014 up to 2024, for the original fixed combination,
no new (previously unidentified) adverse effects were
reported.

According to the data, reviewed by Transparency
Committee in France (2017), for the fixed combina-
tion the conclusions were made that for the reporting
period from 2014 to 2017 no changes in the Sum-
mary of Product Characteristics were introduced in
the sections “Adverse effects”, “Special warnings and
precautions for use” or “Contraindications”. From
the time of the last assessment by the Committee on
04.02.2014, the place of the fixed combination in ther-
apeutic strategy remained unchanged. The medicinal
product is adapted to the conditions of prescription
according to its indications, dosage, and duration of
treatment. This is the first line product after a healthy
lifestyle and diet.

According to the analyzed data, presented
in adverse effects databases, scientific literature
sources, and published studies, no new information
on safety was revealed that would change the safety
profile for the combination phloroglucinol dihydrate/
simeticone. In the literature sources and the pub-
lished information for the period of use of active sub-
stance combination simeticone and phloroglucinol
dihydrate globally (from 1996) and in Ukraine (from
2011) no new adverse effects were registered.

Therefore, the medicinal product based on sime-
ticone and phloroglucinol dihydrate is effective and
safe therapeutic product for additional treatment of
functional intestinal symptoms.
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OIIIHIOBAHHSI ITMHAMIKHA KUCJIOTHOCTI HIJIYHKA ¥ 12-ITAJIOf KHIIKHA MAIIEHTIB
I3 TACTPOAYOAEHOT'EHHUM XPOHIYHUM PEHUIANUBYIOUYUM TAHKPEATUTOM
I BINIMBOM KOMIIVIEKCHHUX ITPOI'PAM JIIKYBAHHS

Axmyanvricmo. Biocymuicme 3HaUH020 npozpecy 8 AKy8anHi XPOHIUH020 peyudugyiouoo nankpeamumy (XPII) ocobnuso na mui
KOMOPOIOHOT namonoeii 3 2acmpo0y00eHATbHUMU 3MIHAMU MO8 A3aHA 31 CKIAOHOK CUMIMOMAMUKOIO Ma 8eIUKOI0 8apiabenbHicmio
KJIHIYHOT KapmuHU.

Mema 0ocniosycenna — gusHauumu cmar OA3AILHO-MONOPAGIUHOL KUCTOMHOCMI WIVHKA 8 NayieHmia i3 komopoionicmio XPII
i xponiunozo ecacmpumy (XI') i/a6o xponiunozo dyooenimy (X/]), acoyiiioeanoeo 3 H.pylori, y Ounamiyi 1ikyearnns 3 000amKko8um eKuio-
YeHHAM 00 NPOMOKONbHOI NPOSPAMU CUHEP2IUHOT KOMOIHAYIT OeKCIAHMEHOIY Md MemuIMemioHiHY.

Mamepian i memoou. Obcmedxiceno 117 nayienmie 3 XPII y noeonanni 3 XI' i/abo X/1, acoyiiioeanum iz H.pylori, skux nooinuiu na
081 epynu 32i0HO 3 npuHyunamu panoomizayii: I epyna 3 58 nayienmis ompumyesana 3azanrsHonputiname kiiniyne nixysanns (311KJI),
11 epyna (59 nayienmis) — 31IKJI 6yno niocunene 000amrogum 6KIOUEHHIM KOMOIHOBAHO20 3AC0O6Y OeKCNaHmeHory (npogimaminy BS5)
i memuamemioniny (simaminy U).

Pezynomamu oocrioncenns. I1io ennusom 3I1KJ1 y nayienmis i3 XPI1 i XI' i/abo X/1, acoyitioeanum 3 H.pylori, 6io6ysanacs ouna-
MiKa Kuciomuocmi wiiayHKa i 12-nanoi Kuwiku 3 noMIipHoOi 2inepayuOHoCmi 3 meHOeHYier 00 UPAdiceHol 2inepayuoHocmi 0o cmauy
nomipHoi einepayuonocmi 3 mernoenyicio 00 Hopmoayuonocmi (p<0,05), mobmo npomoronvHe MIKY8aAHHS NPU3EEN0 00 00 EKMUBHO20,
ane He0OCMamub020 NOKpawanHa. Y epyni nayieHmis i3 MiKVBAHHAM i3 6KAIOUEHHAM KOMOIHOBAHO20 3AC00Y 0eKCNAumeHoy (npo-
eimaminy B5) i memunmemioniny (simaminy U) y ounamiyi 6cmanosuiu nepexio KUciomocmi 3i Cmany nOMIpHOT 2inepayuoHocmi
3 MmeHOeHyier 00 supadiceHoi einepayudonocmi 00 cmany docsaeHenus hopmoayuonocmi (p<0,05).

Bucnoeok. [oseoeno doyinbricms 000amro8020 GKIIOUEHHS 00 3A2dNbHONPULHAMO20 KOMNIEKCHO20 NIKYBAHHS KOMOIHOB8AHO20
3acoby Oexcnamwmerony (npogimaminy BS) i memunmemioniny (gimaminy U) 3a 3anponoHO8aAHOI0 CXeMOK 32I0HO 3 8UWUM DIBHEM
NO3UMUBHO! OUHAMIKU KUCTIOMOYMBOPIO8aNbHOL yHKyil wiynka i 12-nanoi Kuwiku 6 nayicumie i3 XxpOHIiuHUM Peyuousyouum naHKpe-
amumom npu komopoionocmi 3 XI' i/abo X/, acoyitiosanum 3 H.pylori.

Knrouosi cnosa: xpowniunuii nankpeamum, XpoHiuHui cacmpum, Xpouiunuti 0yooenim, H.pylori, 6azansno-monocpagpiuna-pH-mempis.
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ASSESSMENT OF THE STOMACH AND DUODENAL ACIDITY DYNAMICS AT THE PATIENTS
WITH GASTRODUODENOGENIC CHRONIC RECURRENT PANCREATITIS UNDER
THE INFLUENCE OF COMPLEX TREATMENT PROGRAMS

Actuality. The lack of significant progress in the treatment of chronic recurrent pancreatitis (CRP), especially with comorbid
pathology with gastroduodenal changes, is associated with complex symptoms and great variability of the clinical picture.

The goal of research to determine the state of basal-topographic acidity of the stomach in patients with comorbidity of CRP and
chronic gastritis (CG) and/or chronic duodenitis (CD) associated with H. pylori, in the dynamics of treatment with additional inclusion
in the protocol program of a synergistic combination of dexpanthenol and methylmethionine.

Material and methods. 117 patients with CRP in combination with CG and/or CD associated with H.pylori were examined, who
were divided into two groups according to the principles of randomization: I group of 58 patients received conventional clinical
treatment (CCT), 1I group (59 patients) — CCT was strengthened by the additional inclusion of the combined agent dexpanthenol
(provitamin B5) and methylmethionine (vitamin U).

Research results. Under the influence of CCT in patients with CRP and CG and/or CD associated with H. pylori, the dynamics of
acidity of the stomach and duodenum from moderate hyperacidity with a tendency to pronounced hyperacidity to a state of moderate
hyperacidity with a tendency to normoacidity occurred (p<0,05). In the group of patients treated with the combination of dexpanthenol
(provitamin B5) and methylmethionine (vitamin U), a dynamic transition of acidity was established from a state of moderate hyperacidity
with a tendency to marked hyperacidity to a state of reaching normoacidity (p<0.05).

Conclusion. The expediency of additional inclusion of the combined agent of dexpanthenol (provitamin B5) and methylmethionine
(vitamin U) according to the proposed scheme to CCT has been proven in accordance with the higher level of positive dynamics of
the acid-forming function of the stomach and duodenum in patients with CRP in the presence of comorbidity with CG and/or CD

associated with H. pylori.

Key words: chronic pancreatitis, chronic gastritis, chronic duodenitis, H. pylori, basal-topographic-pH-metry.

Beryn. AktyanbHicTb. BigcyTHicTh 3HaUHOTO MIPO-
rpecy B JIIKyBaHHI XPOHIYHOTO PEIUJIMBYHOYOIO IaH-
kpearuty (mani — XPII) ocoOnuBo Ha T KOMOPOiTHOT
TATOJIOTIi 3 TaCTPOMYOICHATLHUMH 3MiHAMH ITOB’s3aHA
31 CKJIaJHOI0 CHMIITOMaTHKOIO Ta BEJIMKOIO BapiaOelb-
HICTIO KIIIHIYHOT KapTHHH. [T100a1pHUNA KIOTCHKUI KOH-
CEHCYC YCTaHOBHUB [I€BH1 OPIEHTUPHU L1010 HU3KU TUTAHb
CTOCOBHO (DYHKIIIOHAJBHOT JIUCIICIICIi, XPOHIYHOTO
racTpury i, 3okpema, micus iHdekuii H. pylori B pos-
BHUTKY OCTaHHBOTO (Ansari, 2017; Israel, 2018; Gardner,
2020). Otxe, H. pylori-acoriiioBaHuii raCTpUT ChOTOJIHI
BH3HAYAIOTh SIK TH(EKIIIITHEe 3aXBOPIOBAHHS HE3aJICKHO
BiJI HASIBHOCTI/BIZICYTHOCTI CUMIITOMIB Ta YCKJIAJHCHbD,
TaKUX SIK BHpa3Ka OUTyHKA W ABaHAMIITUNANO! KUAIIKHA
Ta paKk LUIyHKa (piBeHb pPEKOMEHJAIil — CHIIbHUM,
PiBEHB JIOBEIEHOCTI — BUCOKHH, PiBEHb y3TO/PKEHOCTI —
100%). Ockinpku Bigomuii 30yIHHK LBOTO 3aXBOPIO-
BaHHA, OT0 BBA)KAIOTH TaKUM, SKE MOXXHA BHJIIKYBaTH
(came 3a paxyHOK IPOBEIEHHs epajuKaliiiHoi Teparrii)
13 TIOaBIIAM 3aro0IraHHAM TSKKAM YCKIIaTHCHHIM
(Kaparakis-Liaskos, 2018; Makhnitska, 2021; Marcus,
2018). [MobOytye mymka, mo epaaukamis iHdexmii H.
pylori Moxe cHpusTH NOBHOMY BiJIHOBJICHHIO CIIH30-
BOi OOOJIOHKM IIIYHKa, 3MEHIICHHIO BHPaKEHOCTI/
YCYHEHHIO JUCTICTICHYHUX CUMIITOMIB 1 3a3BUYAi BUIII-
KOBYBaHHIO BHpa3KW. lle MONOKEHHS MiATBEpIKEHO
i y MaactpuxtcbkoMy koHceHcycl. H. pylori-indekuis
B 70—-80% HOCIiB € TaTeHTHOIO, ¥ 15-20% nposBIsIeTHCS
y BUIVISIII BUPA3KH LUTyHKa, Y 4-60% — arpodidnoro
ractputy, B 1-19% Buknukae pak nurynka. He Bukito-
4aroTh MOXJIMBOCTI TpaHcMicii H. pylori-indexmii.
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3a inmumu nanumu, nepcucteniiss H. pylori B 95%
BHUIIQIKIB € MPUYUHOIO XPOHIYHOTO racTputy (nai— XI)
i nyonenity (mani — XJI), y 75-80% — Bupasku muTyHKa,
y <80% — paky mnryaka (Rahman, 2020; Smolka, 2017).

H. pylori 4iTko MOJTYITFOE CEKPEIIit0 LTYHKOBOI KUCTIOTH
KiJIbkoMa crioco0amu. PO3BUTOK TiTo- 200 TinepXsiopriapii
3aJIeKUTh BiJ] TPUBAIOCTI 1H(IKyBaHHS, IEPEBAKHOTO aHa-
TOMIYHOTO MicIs iH(DeKIIii, HU3KK (HaKTOPIB BIpyIIEHTHOCTI
OakTepii, FTeHETUYHUX Ta IMYHOJIOTTYHUX BiIOBiIeH opra-
Hi3My. 3 OIJIsITy Ha ITUPOKY MONIAPEHICTh 1 HASIBHICTh BaK-
KUX YCKJIaJIHCHb, HEOOXITHO BIIPOBA/DKYBATH B MEIHIHY
MPAKTUKY CydacHI METOJIN JIIarHOCTHKH. 3HauHi JIiarHoc-
TUYHI MOXIIMBOCTI pH-MeTpii 1atoTh 3Mory BepugiKyBaTH
3aXBOPIOBAHHS, 3MIHCHUTH 1HIMBIAYaJIBHHUM MiI01p JIiKap-
CBKOTO Ipernapary W pexXxuMy HOro ImpuioMy, KOHTPOJIO-
Bard €(EKTHBHICTh TPOBEICHOTO JIKYBAHHS, BHUSIBUTH
pe3UCTEeHTHICTh 3axBoproBaHHs a0 Tepamii (Halabitska,
2021; Babinets, 2020).

bazansHo-Tonorpadiuna pH-metpis € izionoriu-
HUM METOJIOM, SKHM HE BIUIMBAE Ha poOOTYy W YyMOBH
¢dbyHKkUioHyBaHHs HUTyHKa Ta 13, He cTumyIoe cexpe-
TOpHY (YHKIIFO, HE TPOBOKYE IMOSBH MATOJOTTYHUX
peduiekcis, ajie Ma€ BUCOKY JIarHOCTMYHY LIIHHICTH 3a
BUSIBJICHHSM PaHHIX MOTOPHHX 1 CEKPETOPHHX IOpY-
IICHb BEPXHBOTO BiJIUTY ILTYHKOBO-KHIIIKOBOTO TPAKTY,
a TaKOXK PO3IIHIOETHCS SK OA3MCHUH J1arHOCTHYHHMA
TECT OIHIOBAHHS BHYTPIIIHBOILTYHKOBOI AIlMIHOCTI,
000B’SI3KOBUH Y BCIX MAIlIEHTIB, SIKI 00CTEXKYIOThCS, 5K
€TaJIOH, i3 SIKAM 3iCTABILSIIOTH PE3YJIbTATH IHIIHNX METO-
UK BHYTpIiNIHbOILTYHKOBOT pH-metpii (Rugge, 2021;
Shimizu, 2022; Maxsinpka, 2023).
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MeTta Jocaif:KeHHsI — BH3HAUUTH CTaH 0azaib-
HO-TONOrpadiuHoi KUCIOTHOCTI IUIyHKA B MALlI€HTIB i3
romopOimHicTI0 XPIT 1 Xponiyroro ractpury (XI') i/a6o
xpoHiuHoro nyozaeHity (X/I), acouiitoBanoro 3 H.pylori,
y JUHaMIIll JIIKYBaHHS 3 JOJaTKOBUM BKJIFOYCHHSM JI0
IIPOTOKOJIBHOI MPOrpaMU CHHEPriyHOI KOMOIHAIIIT AeKC-
MAHTEHOITy Ta METHJIMETIOHIHY.

Marepianu Ta Metoau aocaixeHHs. OOCTEXEHO
117 mamientiB Ha XPII y moeananni i3 XI© i/abo X/,
acoriifoanum 3 H.pylori, siki nmepeGyBanu Ha JUCHaH-
CEepHOMY OOJIKY ¥ TiJ CIHOCTEPEKECHHSIM CIMEWHOTO
nikapsi B ymoBax KoMmyHanabHOro HekomepIiiffHOro mij-
npueMcTBa «LIeHTp TIepBUHHOI MeIUKO-CaHITapHOT
JoTIoMOrH». J{ys BUBYEHHS JII€EBOCTI 3allPOIIOHOBAHHMX
MporpaM KOPEKIlii MaIie€HTIB PO3AIIMIN Ha JBI IPyIH
3TiIHO 3 MPHHIUIAMU paHjomizauii: I rpyna 3 58 mari-
enriB i3 XPI1 i3 XI" i/a6o X/I, acorifioBanum i3 H.pylori,
OTpUMYBaja 3arajlbHONPUIHATE KIIHIYHE JIKYBaHHS
(mami — 3I1KJI) 3rigHo 3 AiarHO30M 1 3aIpONOHOBAHHM
MO3 Vkpainu nporokonoM (Hakazu MO3 Ykpainu Bin
10.09.2014 Ne 638 i Bimg 13.06.2005 Ne 271) mpotsirom
10 nmuiB: mankpearun (25-40 O/] minasu) mig vac Txi
MOCTIMHO, 1HTI01TOP MPOTOHHOT ITOMITH (TTAHTOIIPA30JI IO
40 Mrx2), cna3MoiiTuk (MeOeBepHuH) 1/a00 MPOKIHETUK
(MOTHITIYyM) — 13 MEPEXOIOM Y PEXKHUM «3a BHMOTOIOY;
amokcauunid 1000 mr (abo merponigazon 500)x2; kia-
putpominH 500%2 i3 000B’SI3KOBOKO HOPMAaTi3alli€ro
CIOCO0Y XUTTS i peKOMEHAAILiH 111010 HOPMOTPOPHOTO
xapuyBanHs; Il rpyna (59 mamienti) — 3I1KJI Gymo
IiJICKJICHE JI0JIaTKOBUM BKJIIOYEHHSM KOMOIHOBaHOTO
3aco0y JeKcIanTeHomy (mpositaminy B5) i meTmime-
TioHiHy (BiTaminy U) mo 2 taOneTku Ha H00y Micis
ki mporsirom 2 wicsmiB (Doktovit; «Omnipharmay,
Ukraine), Takox 13 BKIIOUEHHSIM HOpMaJi3alii crocoly
JKUTTS W PEKOMEH/IAITIH 11010 XapuayBaHHS. YCIM Talli€H-
TaM JIO Ta ITiCJIs JIIKyBaHHS BUKOHYBaJIN 0a3aJIbHO TOIO-
rpagiuny excrpec-pH-MeTpiro Mo mpoTAry IITyHKA.

Kputepii BkIIOYEHHS A0 AOCTIIKEHHS Taki: Mari-
earn 3 XPII y moennanni 3 XI' i/abo X/I, acomiiioBa-
HuM 3 H.pylori, Bikom Oinbiie Hixk 18 pokiB, 31aTHICT
MaIieHTa BAKOHATH BC1 IHCTPYKIIii Ta peKOMeH il Bij-
MOBIJIHO /10 JIM3aiiHy IPOBE/ICHHS JIOCHIPKeHHs. YcTa-
HOBIICHHSI JIIarHO31B BHKOHYBAJIHM 3TiTHO 13 CTaHaap-
TH30BaHUMH IIPOTOKOJIAMHU J[IarHOCTUKH Ta JIIKYBaHHS
XBOpOO TpaBicHHA. KpurepisiMu BHUKIIOYCHHS Ialli-
€HTIB 13 JIOCTIMKEHHsI OyJIM TaKi: HasBHICTb T'OCTPHUX
1 3aroCTPeHHS XPOHIYHUX COMATHYHHX 3aXBOPIOBAHb,
a TaKOX CyO- 1 IeKOMIIEHCallis )KUTTEBO BaXKIIMBUX Opra-
HIB, Y T. 4. TOCTPi CEpIICBO-CYIMHHI 1 XipypriyHi CTaHH,
Oy/b-sIKi OIIEpaTHUBHI BTPYYaHHs IPOTATOM OCTaHHBOTO
MiCsIIs, BIPYCHI TENaTWTH B aKTWUBHIK (a3i, muposu
MEeUiHKY, MEeNTHYHA BUpa3Ka LUTyHKa/12-manoi Kumku
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y (hazi 3arocTpeHHs, MaToJIOTis MUTONOAIOHOT 3a1103H,
BariTHICTh, OHKOJIOTIYHI W TeMAaToJOTIYHI 3aXBOPIO-
BaHHS, MCUXIYHI PO3Jajau, IyKpOBUU mialer, aprepi-
aJibHA TINEepPTEeH3is 3 CTyIeHs, a TAKOXK BigMOBa OpaTH
Y4acTh Y IPOBEJICHHI HAYKOBOTO JIOCITiIPKSHHSI.

bazanpHa TomorpadiuHa excrnpec-pH-merpis 1o
MPOTATY IITyHKA € OPUTTHATBHUM JOCIIIKCHHSIM (yHK-
[IOHAJIFHOTO CTaHy NUTyHKA, IIPOBOAMUTHCS 33 JOTIOMO-
roto amugoractpomerpa IpH-M, OOO «Cranmapt»
M. BiHHUIS (3aTBep/uKEHUH MeTpOIOTiuHOK  CITYX-
0010 TepHOMIILCHKOTO HAIlIOHATILHOTO MEAMYHOTO YHi-
Bepcutety iMmeHi 1.51. TopGaueBcbkoro MO3 VYkpainu
05.06.2023) 1 Ga3zyeTbCcsi Ha BU3HAUCHHI KOHIICHTpALii
BUTbHUX BOJIHEBHX 10HIB y IIUTYHKOBOMY BMICTI BiJ HOTO
KapIliaJbHOTO JI0 MiJIOPOAHTPATBHOTO BiJIUTYy 4Yepes
koxcHHH 1 cM (y 40 TouKkax), 110 Ja€ MOXKIIUBICTh Orepa-
THUBHO OOCTEXUTH IAI[I€HTA.

[MpoBenenus 0azanpHO-TOTIOrpadiaHOT eKC-
npec-pH-MeTpii o MpoTAry HUIyHKa MaIlieHTaMm Ipo-
BOIWJIOCS B pPaHKOBI romuHd Harme. OIiHIOBaHHS
pe3yabTaTiB MPOBOAMIM 3a JOTOMOTOIO 3alpOIOHO-
BaHuX (yHkiioHanpHux iHTepBasiB pH (PI pH) Bixg 0
10 5 (y HampsIMKy 3pOCTaHHS aIl[MJHOCTI IUTyHKa) Ta
XapakTepucTuKu posnoainy ®I (y BiACOTKAX), y SKHM
yBifIOB  iHIUBiAyadbHUN (DYHKI[IOHANBHUNH MAaKCH-
MyM BHYTPIIIHBONUTYHKOBOI aruaHocti. Ha iit mig-
CTaBl BHYTPIIIHBOILTYHKOBA AI[MIHICTh € MiHIMaJbHA
(mo 25% 3aranpHOI KiTBKOCTI BUMipioBaHb pH); cenek-
TuBHA (26—50%); abcomotHa (51-75%); cyOroTrambHa
(76-99%); Totranbha (100%).

BinnoBinHICTh pO3MOALTY AaHUX KIIIHIYHOTO TOCIHi-
JUKEHHS 3aKOHY HOPMAJIFHOTO PO3MOALTY IEePEBipsUITH 3a
noromororo kputepito Lllanipo-Yinka. s onucy gaHux
BUKOPUCTOBYBAJI CepeiHE apU(PMETUYHE 3HAUCHHS
i ctapaaptHy moxuoOky (M=m). Ilix yac nepeBipku cra-
TUCTUYHUX TillOTE3 HYJIBOBY TillOTE3y BIAKHIAIU TIPH
piBHI cTartucTHUHOI 3Hauymocti (p) menme Hix 0,05.
Tako)k BHKOPUCTOBYBaJIHM YHIMOTAIbHHMHA aHami3 One-
way ANOVA 3 nopanbium post-hoc Tukey HSD Tectom
JUTSl BU3HAYECHHST HASIBHOCTI M BIPOT1THOCTI PO3XO/IXKCHb
MDK BHOIPKOBUMHU CEPEIHIMH BETMUYMHAMH HE3AJIC)KHUX
BUOiIpok. Post-hoc aHamni3 3aiiicCHIOBAIN MiX BiJICOTKO-
BUMH 3HAYCHHSIMH KOXKHOTO 3 iHTEpBaNiB, TOMY JACSKi
cepelHi MOKA3HUKH TPYIl YBAKAIOTHCS HepiBHUMU. JLiis
OLIIHIOBaHHS PIBHOCTI JUCHEpCili BHKOPHCTOBYBAIN
kpurepiii JleBena. Tect ANOVA BBaKa€TbCcsl CTIMKHM
JI0 TIPUIYIICHHS TPO OAHOPIAHICTH AWUCHEPCiH, KOIH
po3Mipu rpyn noaiOHi. s OLiHIOBaHHS TPUITYIICHHS
HOpMallbHOCTI 3acTocoByBanu Tect Lllamipo-Binka. Ilix
Yac OI[IHIOBaHHSI Pi3HHMIII MapaMeTPIB y 3aTCKHIH 3MiH-
Hill MIX pI3HUMHU iHTEpBaJaMU BHKOPHCTOBYBAIU TECT
Kpyckana-Yomrica H.
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Koxxen nanieHT OyB 03HAHOMIICHHH 13 PErTaMEHTOM
MPOBEACHHS JOCTI/DKCHHS W miamucaB 1H(GOPMOBaHY
3rofly IIOJ0 y4acTi B JOCHIKeHHI. Marepiain KiiHid-
HOTO JIOCHI/DKEHHSI PO3MIISAHYTI Ha 3acifiaHHi KoMicii
3 Oioetnkn TepHOMIIBCHKOTO HAI[IOHATBHOTO MEIHY-
Horo yHiBepcurery imeni 1.51. T'opbaueBcbkoro MO3
VYkpainu (nporoxon Big 03.04.2023 Ne 73), sika 3acBif-
YHJIa, MO MPOIeaypa 3aTydeHHs i iHQOopMyBaHHS ydac-
HUKIB JTOCIIIJDKEHHS, a TAaKOX 1X OOCTEKEHHS Ta JIKYy-
BaHHS BIMOBIJAIOTh HOpMaM OlOCTHUKH, YKPaiHCHKOMY
3aKOHOIABCTBY W MpaBHJIaM MiXKHAPOIHOTO HAYKOBOTO
CITIBTOBapUCTBA.

PesyabTaTn gocaigkeHHsi Ta iX 00OroBOpeHHs.
VY I rpyni narnienTis i3 XPI1 Ta XI" i/a6o X/1, acoriiiioBa-
HUM 13 H.pylori, 10 nikyBaHHS BUSIBJICHO CTaTHCTHYHO
JIOCTOBIPHY PI3HHUINI0 MIXK IOKa3HUKAMH OiJbIIOCTI
iHTepBaNiB 0azambHO-TOnorpadivHoi excrpec-pH-me-
Tpil (p<0,05), 110 CBIAYUTH MPO Pi3HY PO3MOIIICHICT
KIJTBKOCTI TOYOK BUMIPY y (PyHKIIOHAJIBHUX IHTEpBa-
nax pH y I rpyni namientis i3 XPIT ta XI' i/a6o X/I,
acormiioBanum 13 H.pylori. BusBneno craructuaHO
JIOCTOBIPHY PI3HUIIO MK TOKa3HUKaMH 0a3ajbHO-TO-
norpadiunoi excnpec-pH-merpii Takux iHTepBamis: 4
ta 5; 51 3; 3 ta2 (p<0,05), mo cBiAUUTH PO Gopmy-
BaHHS JOMIHYIO9OTO (DyHKIIOHATBHOTO iHTEpBaly, Ha
SIKUH TTpHITajiae HaOIbIa KiTbKiCTh TOYOK BUMIipy pH.
He BusiBIEHO CTaTUCTHYHO JOCTOBIpHOI Pi3HUIN MiX 1
ta 2 intepBanamu (p=>0,05). [1ix gac post-hoc anamizy
3 BukopuctanHsiM HSD Tukey Tecty BusIBICHO Takwii
PEHTHHT PO3MOJIIEHOCTI TOYOK BHUMIPY B iHTEpBaiax
OazanpHO-TOTIOrpadiunHoi  ekcrpec-pH-meTpii, mo4u-
Hatoun 3 HavBumoro (p<0,05): 4>5>3>2—1, mo cBia-
YUTh MPO MOMIPHY TINEpalUIHICTE 13 TEHACHIIEK 10
BHUPaXEHOI TIepaIyIHOCTI B MAIIEHTIB A0 CTIKYBaHOT
rpymu (puc. 1).

Confidence intervals for the averages

1iHTepBan -
2 inTepean ]
3 iHTepBan -
4inTepean e
5inTepsan [
0 20 40 60
From [ Interval

Puc. 1. Po3noaijieHicTh KinbkocTi To4ok Bumipy pH
y I rpyni nauienTiB 3 XPII Ta XTI, acouiiioBanum
i3 H.pylori, 10 JikyBanus

[Tig vac omiHIOBaHHS PIBHOCTI JMCIEPCii 3a IOMO-

MOTOI0 KpUTepito JIeBeHa qucmepcii CyKyImHOCTI BBaxa-
1oThecsl HepiBHUME (p-3HaueHHS = 0,00104). Kpurepiit
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notykHocTi JleBeHa BBaxkaeThcs cuibHUM (1). Posmip
IPyI YBaXarOTh MOMIOHUM (CITIBBITHONMICHHS MK OiJTb-
mor Ta MeHmorw rpynamu: 1). Ilig yac oriHrOBaHHS
MPUITYINECHHS HOPMAJbHOCTI TIEPEBIPEHO Ha OCHOBI
tecty Illamipo-Binka (0=0,05), ycraHoBieHo, 1m0 Bci
TPYIH PO3IOIUIIOTHCS HOPMAJIbHO 200 MAIOTh BETTHKHI
po3mip Bubipku, monaiimenie 30. [Tig yac oniHrOBaHHS
PI3HUII B 3aJICKHIN 3MIHHIN MK PI3HUMH 1HTEpBaJIaMH
3a nonomororo Tecty Kpyckana-Yomrica H 3’sicoBano,
mo icHye 3HauHa pisHmnsg y2(4)=139,07, p<0,001,
i3 cepenniM Oamom panry 182,94 mus 1 iHTepsaiy,
220,09 mis 2 intepmany, 309,71 mis 3 iHTepBaiy,
405,36 nuisa 4 intepsany, 334,41 st 5 iHTEpBaIy.

TakuM YUHOM, JOMIHYIOUAM CTAaTUCTHIHO TOCTO-
BipHO OyB 4-i1 inTepBan (p<0,05), mo cranosus ((58,99
+ 10,87) %) Bix 3arajpHOI KUTBKOCTI BUMIpPIOBaHb, IO
CBIIUHUTH NP0 MEPEBAXKAHHS MOMIPHOI TilepannumaHOCTI
B JIOCHIJDKYBaHIi Tpymi Ta BiJANOBigae aOCOMOTHOMY
MOKa3HUKOBI mMoMipHOi rinmeparuaHocTi. Hactymaum
CTaTUCTHYHO JOCTOBIpHUM OyB S5-I iHTepBan (p<0,05),
KUTBKICTh JOCTI/DKYBaHUX TOYOK Yy IIbOMY iHTepBai
Oyna Ha 39,77% MEHIIOIO TOPIBHSIHO 3 JOMIHYIOYHM
iHTepBasoMm; 3-if iHTepBad OyB CTaTUCTUYHO JOCTO-
BipHUM (p<0,05), KUIBKICTH JTOCIHI/PKYBAaHUX TOYOK
y 1iboMy iHTepBaii Oyna Ha 5,84% MEHIIO MOPIBHIHO
3 5-M iHTepBaiom; 2-ii iHTepBad OyB CTAaTHCTHYHO
noctoBipHuM  (p<0,05), KUTBKICTH JOCTIIKYBaHUX
TOYOK y [bOMY iHTepBasi Oyma Ha 7,34% MeEHIIOO
MOPIBHAHO 3 3-M iHTepBajoM; 1-i inTepBan He OyB cTa-
THCTUYHO A0CTOBIpHUM (p=>0,05), KUIBKICTh JOCITIKY-
BaHUX TOYOK y IbOMY iHTepBaisi Oyna Ha 3,67% MeH-
10O TIOPIBHSIHO 3 2-M 1HTEPBAJIOM.

VY I rpyni nanientis i3 XPII ta XI" i/abo X/, aco-
nioBanuMm i3 H.pylori, 710 JTiKyBaHHSI BUSIBJICHO CTaTHC-
THUYHO IOCTOBIPHY Pi3HHIIIO MiX ITOKa3HUKaMHU iHTEpBa-
miB: 4 ta 5; 513 (p<0,05). He BUSIBIIEHO CTATUCTHYHO
JIOCTOBIPHOT pi3HHMIII MiX iHTepBajsamu: 3 Ta 2; 2 Ta 1
(p>0,05). Tlpu Takiif pO3MOMIIEHOCTI KIIBKOCTI TOYOK
BuMipy pH ycranoBneHo nomiHyrounii (GyHKI[IOHATEHUN
inTepBai. Ilig yac post-hoc aHamizy 3 BUKOPHUCTaHHIM
HSD Tukey TecTy BHSABIEHO Takuil PEHTHHT pPO3MOIi-
JICHOCTI TOYOK BUMIpPY B iIHTEpBajax 0a3aabHO-TONOrpa-
¢iunoi excnpec-pH-merpii, mounHaroun 3 HaWBUIIOTO
(p<0,05): 4>5>3-2—1, 110 CBIMYMUTH MPO TOMIPHY Tire-
PaIMIHICTb 13 TEH/ICHIIEIO 10 BUPAKEHOI TilepanuIHo-
CTI B MAaIli€HTIB JOCIIPKYBaHOT rpymnu (puc. 2).

[Tin 4ac omiHIOBaHHS PIBHOCTI JHCIEPCiid 3a I0MO-
MOroro KpuTepiro JleBeHa aucnepcii CyKyImHOCTI BBaXKa-
10Thcs HepiBHUMHE (p-3HaueHHS = 0,000143). Kpurepiit
notykHocTi JIeBeHa BBaxkaeThest cuitbHuM (1). Ilig gac
OLIIHIOBaHHS TPHUITYIICHHS HOPMAIbHOCTI INEpEBIpEHO
Ha ocHOBI TecTy lllamipo-Binka (0=0,05), ycTaHoBIeHO,
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110 BCi IPyNH PO3MOIUISIFOTECS HOPMAJIBHO a00 MarTh
BEIUKHUI po3mip BHOIpkH, moHaimenme 30. Ilix gac
OLIIHIOBAHHS PI3HMII B 3aJICKHII 3MIHHIN MK pi3HUMH
iHTEepBajgaMu 3a Jomomororw Tecty Kpyckama-Yomrica
H 3’sicoBano, 1m0 icHye 3Ha4Ha pizHULA ¥2(4)=174,57,
p<0,001, i3 cepennim Gasom panry 167,28 mist 1 inTep-
Bauty, 229,92 nns 2 intepBainy, 297,06 ans 3 iHTepBaiy,
40,7 niis 4 inTepBaiy, 362,54 mis 5 iHTEpBay.

Confidence intervals for the averages

1 iHTepBan -
2 iHTepBan -
3 iHTepBan -
4 inTepsan -
5 iHTepBan -
0 20 40 60
From I Interval

Puc. 2. Po3nogisienicTs kinbkocTi Touok Bumipy pH
y II rpyni naunienris i3 XPII Ta XTI, acouiiioBanum
i3 H.pylori, 1o jJikyBaHHst

TakuM 4YMHOM, JOMIHYIOUMM CTaTHCTHYHO JIOCTO-
BipHO OyB 4-ii inTepBai (p<0,05), mo cranosus ((60,61
+ 9,83) %) Big 3aranbHOI KIIBKOCTI BUMIpIOBaHb, IO
CBIJIYMTH TIPO MEPEBAXKAHHS TOMIPHOT TileparyIHOCTI
B JOCIIJKYBaHiil Ipymi Ta BignoBigae abCOMOTHOMY
MMOKa3HUKOBI TIOMIpHOT rinepamuaHocTi. Hactymaum
CTATHUCTUYHO NOCTOBipHUM OyB 5-# iHTepBan (p<0,05),
KUTBKICTh JOCITI/DKYBAHUX TOUYOK Yy IIOMY iHTepBai
Oyna Ha 41,35% MEHIIOIO MOPIBHSHO 3 JOMIHYIOUYHM
iHTepBaNOM; 3-i 1HTepBaJ OyB CTATHCTUYHO JOCTO-
BipHUM (p<0,05), KITBKICTb IOCIIMXYBaHUX TOUYOK
y oMy iHTepBaii Oyma Ha 7,03% MEHIIO MOPIBHIHO
3 5-M iHTepBajoM; 2-i iHTepBan OyB CTaTHCTUYHO
noctoBipauM  (p<0,05), KITBKICTh JOCIIKYBaHUX
TOYOK y IIbOMY iHTepBai Oyia Ha 6,9% MEeHII0 opiB-
HSHO 3 3-M iHTepBajioM; 1-i iHTepBas He OyB CTaTHC-
TUYHO AOCTOBipHUM (p=>0,05), KiJIBKICTh JOCHIIKYyBa-
HUX TOYOK y IIbOMY iHTepBami Oyna Ha 2,76% MeHIIO0
MOPIBHSAHO 3 2-M 1HTEepBaJIoM (puc. 2).

VY I rpyni namienTi i3 XPII Ta XTI i/abo X/, aco-
uiffoeanuMm 13 H.pylori, micns JikyBaHHS BHSBIEHO
CTaTUCTHYHO JIOCTOBIPHY PI3HHIIO MK MOKa3HHUKAMH
3 Ta 2 inrepBainis (p<0,05). He BUSBIEHO CTATUCTUYHO
JIOCTOBIPHOT Pi3HUIN MiX iHTepBanamu: 4 Ta 3; 2 Ta 5;
5 ta 1 (p=0,05). [Tpu Takiii po3NOALIEHOCTI KITBKOCTI
TOYOK BUMipy pH BCTaHOBIICHO JOMIHYIOUHH (QyHKITI-
oHanbHUH iHTepBan. Ilix yac post-hoc aHamizy 3 BHUKO-
puctanasMm HSD Tukey TecTy BUSBICHO TaKuii peHTHHT
PO3MOJINCHOCTI TOUYOK BHUMipy B IHTepBajax Oa3alib-
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Ho-Tomorpadignoi  excmpec-pH-merpii, mnounHaOUn
3 HaiBumoro (p<0,05): 4-3>2-5-1, o0 CBITYUTH MPO
MOMIpHY TilepanyIHICTh 13 TEHACHIIIE0 T0 HOPMOAIIN/I-
HOCTI B MAIIEHTIB A0CIIKYBaHOT rpynu (puc. 3).

Confidence intervals for the averages

1 iHTepBan -
2 iHTepsan -
3 iHTepBan -
4 iHTepBan -
5iHTepsan ]
0 20 40 60
From [ Interval

Puc. 3. Po3nogisienicTs KiTbKOCTi TOUOK BUMipY
pH y I rpyni nauientis 3 XPII Ta XTI i/a60 X/,
acouiiiopanum i3 H.pylori, micis nikyBanus

[Tin 4ac omiHIOBaHHS PIBHOCTI JHCIIEPCiid 3a JOMO-
MOrorw Kputepiro JleBeHa amcriepcii CyKyNmHOCTI BBa-
KaloThCsl piBHUMHU (p-3HadeHHs = 0,325). Kpwurepiit
notyxkHocTi JleBeHa BBaxaeTbes cuibHUM (1). Ilin
9ac OI[HIO MPUMYINEHHS HOPMAJIBHOCTI MEpEeBipeHO Ha
ocHoBi Tecty lllamipo-Binka (0=0,05), ycTaHoBIEHO,
110 BCi TPyNH PO3MOAUISIOTHCS HOPMAILHO a00 MaroTh
BEJIMKHI po3Mip BUOIpKH, oHaiiMeHIe 30 (puc. 4).

Tukey HSD / Tukey Kramer

Pair Difference| SE | Q [Lower Cl[Upper Cl/Critical Mean| p-value |
x1-x2 5.6983 1.9697 2.8929 -1.9245 13.321 7.6227 0.2457
x1-x318.3534  1.96979.3177 10.7307 25.9762 7.6227 1.661e-9
x1-x4 21.181 1.9697 10.7532 13.5583 28.8038 7.6227 6.581e-10
x1-x51.2241 1.9697 0.6215 -6.3986 8.8469 7.6227 0.9923
x2-x3 12.6552  1.9697 6.4248 5.0324 20.2779 7.6227 0.00006614
x2-x415.4828 1.9697 7.8603 7.86 23.1055 7.6227 4.168e-7
X2-x5 4.4741 1.9697 2.2714 -3.1486 12.0969 7.6227 0.494

x3-x4 2.8276 1.9697 1.4355 -4.7952 10.4503 7.6227 0.8484
x3-x517.1293  1.9697 8.6962 9.5066 24.7521 7.6227 1.522e-8
x4-x519.9569  1.9697 10.1318 12.3341 27.5796 7.6227 6.87e-10

Puc. 4. [IpoBeaenns post-hoc anaizy
3 pukopucranuam HSD Tukey recty Bumipy
pH y I rpyni nanienris i3 XPII Ta XTI i/ado X/I,
acouiiiopanum i3 H.pylori, micis nikyBanus

TakuM 4MHOM, CTATUCTHYHO JJOCTOBIPHUM OYyB JIOMi-
Hyrounit 4-i inTepBan (p<0,05), mo cranosus ((38,49
+ 21,51) %) Big 3arajbHOI KiJIBKOCTI BUMIPIOBaHb, L0
CBITYATh TIPO TIOMIpHY TilepaluJaHICTh 1 BIIOBITa€E
CCJICKTHBHOMY IOKa3HUKY. HacTymHHM CTaTHCTHYHO
nmoctoBipHuM OyB 3-i iHTepBan (p<0,05), KUIBKICTH
JOCII/PKYBAaHUX TOYOK Yy IIbOMY iHTepBajii Oyna Ha
3,09% MeHIIOI0 TMOPIBHAHO 3 JOMIHYIOUHM iHTEpBa-
JIOM, IIO CBIAYUTH MPO TECHACHINIO O HOPMOAIHIHO-
CTi IUTYHKA; 2-¥ iHTepBaj He OyB CTATHCTUYHO JIOCTO-
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BipHuM (p>0,05), KITBKICTh JTOCIHIIKYBAHUX TOYOK
y IbOMYy iHTepBali Oyna Ha 24,46% MEHIIIO0 IOPiBHSHO
3 3-M iHTepBasoM; S5-I iHTepBald HE OyB CTATHCTUYHO
noctoBipauM  (p=>0,05), KITBKICTH TOCTIKYBaHUX
TOYOK Yy IbOMY iHTepBaji Oyma Ha 2,97% MeHIIO0
MOPIBHSHO 3 2-M iHTepBaJIoM; 1-i iHTepBan He OyB cTa-
TUCTUYHO AOCTOBIpHUM (p=>0,05), KiIBKICTH TOCIiIXKY-
BaHHUX TOUOK Yy IbOMY iHTepBaii Oyna Ha 0,75% MmeH-
IIOIO MTOPIBHSIHO 3 5-M IHTEPBAJIOM.

VY 1I rpyni nmanientis i3 XPIT ta XTI i/abo X/I, aco-
niffoBanum 13 H.pylori, micns JiKyBaHHS BHSBIEHO
CTaTHCTUYHO IOCTOBIPHY PI3HHII0 MK MOKAa3HUKAMHU
inTepBaniB: 3 ta 4; 5 ta 1 (p<0,05). He BusiBieHo cra-
THCTHYHO JIOCTOBIPHOI PI3HHUIII MK iHTepBaJaMu: 4 Ta
2; 2 ta 5; (p=0,05) mpu Takiil po3MOAIICHOCTI KiJIbKO-
cti Touok BuMipy pH. Ilim wac mpoBeneHHs post-hoc
anamizy 3 BuxopuctanasM HSD Tukey TecTy BusBIEHO
TaKUi PEHTHHT PO3MOIJICHOCTI TOYOK BUMIpY B iHTEp-
BaIax OaszampHO-ToTOrpadiunoi excnpec-pH-merpii,
nounHatoun 3 HaiiBumoro (p<0,05): 3>4-2-5>1, mpo
CBIIYUTH MPO HOPMOAIMIHICT Y MAIi€HTIB JOCITIIKY-
BaHOI Tpymu (puc. 5).

Confidence intervals for the averages

HIOBaHHS MPUIYIICHHS HOPMAJIBHOCTI MEPEBIpeHO Ha
ocHoBi Tecty Illamipo-Binka (0=0,05), ycTaHoBIeHO,
10 BCi IPyNH PO3MOIUISIFOTECS HOPMAIBHO (pHC. 6).

Tukey HSD / Tukey Kramer

| Pair Difference| SE |

Q Lower Cl|Upper Cl Critical Mean| p-value |

x1-x2 8.5508 1.82834.6769 1.4758 15.6259 7.0751 0.008834
x1-x3 34.6525  1.8283 18.9532 27.5775 41.7276 7.0751 6.573e-10
x1-x4 14.0847 1.82837.7037 7.0097 21.1598 7.0751 7.51e-7
x1-x5 3.2034 1.82831.7521 -3.8717 10.2785 7.0751 0.7285
X2-x326.1017  1.8283 14.2763 19.0266 33.1768 7.0751 6.573e-10
x2-x4 5.5339 1.82833.0268 -1.5412 12.609 7.0751 0.2045
x2-x5 5.3475 1.82832.9248 -1.7276 12.4225 7.0751 0.2354
x3-x4 20.5678  1.8283 11.2496 13.4927 27.6429 7.0751 6.574e-10
x3-x531.4492  1.828317.2011 24.3741 38.5242 7.0751 6.573e-10
x4-x510.8814 1.82835.9516 3.8063 17.9564 7.0751 0.000287

Puc. 6. [IpoBeaenns post-hoc anasmizy
3 Bukopuctanisam HSD Tukey Tecty Bumipy pH
y II rpyni namienTis i3 XPII Ta XTI, acouiiioBanum
i3 H.pylori, micas jgikyBaHHs

TakuM YUHOM, CTATUCTHYHO JIOCTOBIPHUM OYB TOMiHY-
touwnii 3-# intepBan (p<0,05), o cranoBuB ((59,91 £ 7,77) %)
BiJI 3arajibHOi KUIBKOCTI BUMIPIOBaHb, IO CBLIYHTH PO
HOPMOAIMHICTD 1 BiINOBia€ aOCOIIOTHOMY MOKa3HUKY
HOPMOAIUAHOCTI. HacTylmHUM CTaTHCTUYHO HENOCTOBIP-

1 inrepgan I— HUM OyB 4-i1 inTepBai (p=0,05), KUIbKICTb AOCTIAXKYBAHIX
2irmepaan [E— TOYOK y 1IbOMY iHTepBaJti Oyna Ha 43,66% MEHIIIO0 MopiB-
S E— HSHO 3 JIOMIHYIOYMM iHTepBaJioM; 2-i iHTepBan He OyB
4 iHTepBan - . . . .
. — CTaTHCTUYHO JTOCTOBIpHUM (p=>0,05), KUTBKICTh JOCITIIKY-
IHTepBan . .
0 20 20 oo  BAaHUX TOYOK y LIbOMY iHTepBaii Oyna Ha 5,19% MeHIo
From I Interval

Puc. 5. Po3noaineHicTs KiJIbKOCTi TOUOK BUMIpY
pH y II rpyni nauienTis i3 XPII ta XTI i/a6o X1,
acouiiioBanum i3 H.pylori, micas jgikyBanus

[Tix vac omiHIOBaHHS PIBHOCTI JWCIIEPCiid 3a JIOTO-
Mororw kpurepiro JleBeHa mucnepcii CyKymHOCTI BBa-
XKaroThes piBHUMH (p-3HaueHHS = 0,283). Ilix vac ori-

TIOPIBHSHO 3 4-M 1HTEpBaJIOM; 5-ii iHTepBal He OyB CTaTHC-
TUYHO JOCTOBIpHUM (p=>0,05), KUIBKICTh JOCIIHKYBaHUX
TOYOK Yy ITboMY iHTepBaji Oyna Ha 3,14% meHIIor0 mopis-
HSHO 3 2-M 1HTepBaJIOM; 5-i iHTepBaj He OyB CTATUCTUYHO
noctoBipHAM (p=0,05), KUTBKICTb JOCTIIKYBAHIX TOYOK
y oMy iHTepBami Oyna Ha 3,06% MEHIIO MOPIBHIHO
3 1-M iHTepBasoM (Tabmums 1).

[MpumiTka: miJg Yac OIIHIOBAHHS ITMX PE3YyJbTATIB
OazanpHO-ToTIOTpadiuHoi excrpec-pH-MeTpii He Big00-

Ta6mmis 1

Po3noainenicTs BilcOTKOBUX 3HAYEHBb MiK PYHKIiIOHAJIBLHMMHU iHTEepBaJIaMHU
B rpynax J0CJiIKeHHs 10 Ta MicJIsl JJIKyBaHHS

I'pynu nopiBHsAHHS

DyHKNiOHAJLHUIL IHTepBaJ
(®1)

I rpyna (n=58)

II rpyna (n=59)
3MKJI+ xoMIuieKcHUI 3aci0

30K METHJIMETIOHIHY Ta IeKCIIAHTEHOJ1y
110 JIIKyBaHHS micJist JTiKyBaHHSA 110 JIIKyBaHHS nicjis JiKyBaHHS
1 inTepsai (3.60-7.00) 2,37+ 7,22+ 2,57+ 4,86+
2 inrepBan (2.30-3.60) 6,04+ 10,94+ 5,33+ 11,06+
3 inTepsan (1.60-2.30) 13,38+ 35,40+ 12,23+ 59,91+
4 intepsai (1.30-1.60) 58,99+ 38,49+ 60,61+ 16,25+
5 inTepsai (0.86-1.30) 19,22+ 7,97+ 19,26+ 7,92+
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IpumiTka 1: * — cTaTUCTUYHA 3HAYUMICTH CTOCOBHO IMOKAa3HHUKIB KOHTPOJIBbHOI rpymH (p<0,05).
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paskeno 0-if ¢pynkionansauit intepsan (pH-7,00-8,50),
OCKIJTBKHM TaKUH HE 3yCTpidaBcs B KOIHIH i3 rpyTr 1oci-
JUKEHHS.

BucnoBkn. OT:Ke, Ha 0CHOBiI BHKJIAJICHOT'0 BHIIE
pe3loMyeMo Take:

1. KoncraroBaHo, m0 miJg BILIHBOM 3arajbHO-
NPUIiHATOr0 NPOTOKOJIBHOIO JiKYBAHHA B NALIEHTIB
i3 XPIT i XT i/ado X/I, acouiiioBanum i3 H.pylori, Bia-
OyBaJjiacsi JMHAMIKA KHCJIOTHOCTI IIYHKA i 12-naJiol
KHMIIKU 3 MOMIipHOI rinmepanuMaHoOCTi 3 TeHJAeHII€o
10 BMpaKeHOl rinepamuIHOCTI 10 CTaHy MOMipHOI
rinepanuaHoCcTi 3 TEHIEHII€I0 10 HOPMOAMIHOCTI
(p<0,05), TO6TO MPOTOKOJIbHE JIKyBaHHSI NPHU3BEJIO
J10 00’ EKTUBHOTO, aJie HeJJOCTATHLOT0 MOKPAIIAHHSI.

2. Y rpyni namieHTiB i3 JiKyBaHHAM i3 BKJIIOYEHHSIM
KOMOiIHOBaHOT0 32€00Y IeKkcnaHTeHoIy (mpoBiTaminy BS)
i MeTuimertioniny (BiTaminy U) y tuHamini BCTaHOBHIIH
nepexiJ KHCJIOTHOCTI 3i cTaHy MOMipHOI rinepauuaHocTi
3 TeHJEHUI€I0 10 BUPAKEHOI TilMepanuIHoCTi 10 CTaHy
AocsirHeHHs1 HopMoauuaHocrti (p<0,05).

3. JloBeneHo IOUUIBHICTH A0IATKOBOIO BKJIHOYEHHS
A0 3araJIbHONPUIHATOI0 KOMILIEKCHOI'O JIIKYBAaHHS KOM-
OiHoBaHOIO 3ac00y JexcnmaHTeHody (mpoBiTaminy BS)
i mermnamertioniny (Bitaminy U) 3a 3amponoHOBaHOIO
€XeMOI0 3TiJHO 3 BUIIUM pPiBHEM MO3UTUBHOI TUHAMIKU
KHCJIOTOYTBOPIOBAILHOI (pyHKuIil muIyHka i 12-nmajoi
KUIIKY. OUiHIOBaHHS B NAILEHTIB i3 XPOHIYHIM peruIm-
BYIOUHM MaHKpeaTuToM npu komopoinHocti i3 XI' i/a6o
X1, acomiiioBanum i3 H.pylori.
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AHAUJII3 BILJIMBY 3MIIIAHOI ®OPMUH HABYAHHSI HA IICUXIYHE 3J0POB’S 3/I05YBAUIB
BUIOi OCBITH: CTAH, HICUXOTEPAIIEBTUYHUM BIJIUB I MOTO E®EKTUBHICTH

Axmyanvuicme. Cyuacni mexnonoeii podnsimo 0ceiny 00cmyntoio 6y0v-0e, wo 8adcIUBo 8 yMoeax 3azpos. Boenni 0ii niosuuyy-
10Mb PUSUK NCUXONOSTUHUX NPOOIEM Y CIyOeHmis, a sMilana Gopma Haguants Modice GUKAUKamu mpusozy. Boonouac éona sabesneuye
docmyn 00 NCUXON0IYHOT NIOMPUMKU, SHUXCYIOUU cmpec. Badcauso oocnioumu eniue smivuanol popmu Ha8UaAHHA HA NCUXIYHE 300-
P08 51 cmyOenmie y Kpuzosux yMoeax i po3pooumu cmpameeii RiOmpumKu 015 NOKPAWaHHsl IXHb02o O1a2ononyuus.

Mema 00cnidxiceHHs — aHANI3 BNAUBY 3MIUAHO20 (hOPMAMY HAGUAHHA HA NCUXIYHE 300p08 s 3000)68auie uwyoi 0ceimu.

Mamepian i memoou. Y oocnioxcenni smiwianoi popmu nasyanns 6 TOB «Egponeticokutl MeOuuHUll yHigepcumemy y3auu y4acme
120 3006ysauis euwoi océimu. Mu sacmocyeanu inmepes 106anHs 0Jisk OYIHIOBAHHS IXHbO2O NCUXIUHO20 300p06 5. OyineanHs epek-
MUBHOCT NPOBOOUTU 3a OONOMO20I0 NCUXOOIASHOCMUYHUX MemOOi8 00 ma Nic/isk NPoSPamu.

Pesynomamu oocniorcenna. JJocniodxceno eniue smiulanoi gopmu HA8UAHHA HA NCUXTUHE 300p08’s 3000y6aie 6uUwoi ocgimu
6 KPU306UX YMOBAX. 3a pe3ynbmamamiui inmepe 106a1Hs 8UABLEHO, WO 000AMKO8I NPOSPAMYU NIOMPUMKU 3HAYHO NONEULYIOMb NCUXO-
no2iynull cman 3000y6ayis euwoi oceimu. Ilicas yuacmi 6 ncuxonoziynux inmepeenyiax mpugosicuicms suuzunacsa na 30%, a denpe-
cis — na 25%. Cmamucmuunuil ananiz niomeepous, wo akmueHa y4acms y GipmyanbHOMy HAGYAHHI CHPUAE HABUANLHOMY YCRIXY
Ul 3a00601€HHIO 60 HABYAHHS 6 3000y6auie euwoi oceimu. Hawi pezyriomamu ceiouams npo 6aNCIusicns NOOAILUUX OOCTIONCEHD
i pO3POOIEHHS NPOSPAM NCUXONO2IUHOL NIOMPUMKU 0151 3000Y8aUI8 8ULOL OCEIMU 8 KPUZOBUX CUMYAYISX.

Bucnoesok. JJocniodceno eniug 3miwianoi popmu HaguanHs Ha NCUXiyne 300pog’si 3006yseauie euwoi oceimu. Ilepexio 0o yiei
hopmu Haguanms 3yMoOBII0E 30IbUERHS cmpecy, mpugodicHocmi U denpecii. [lpome 000amkosi npoepamu niIOMPUMKU OONOMA2aroms
3MeHwumu yi He2camueHi egpexmu, nIOKPecIoryy 3HAUeHHs epeKMUBHUX NCUXOL0STUHUX Pecypcis 011 3000y68auie uwyoi oceimu.

Knrwuoei cnosa: smiwana ghopma HaguanHs, ou-1aiiH HAGYAHHA, OUCIAHYINHA 0C8ima, cmpec, mpueoed, 0enpecis, NCUXoI02iuHa
niOmMpuUMKa.
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ANALYSIS OF THE IMPACT OF A MIXED FORM OF EDUCATION
ON THE MENTAL HEALTH OF STUDENTS OF HIGHER EDUCATION:
STATE, PSYCHOTHERAPEUTIC INFLUENCE AND ITS EFFECTIVENESS

Actuality. Modern technologies make education accessible anywhere, which is crucial in times of threats. Armed conflicts increase
the risk of psychological problems among students, and blended learning may trigger anxiety. However, it also provides access to
psychological support, reducing stress. It is important to investigate the impact of blended learning format on the mental health of
students in crisis conditions and develop support strategies to improve their well-being.

The aim of our study includes analyzing the influence of the Blended learning format on the mental health of higher education learners.

Material and methods. The study involved 120 higher education learners in the blended learning program at the “European Medical
University”. We used interviews to assess their mental health. The effectiveness assessment was conducted using psychodiagnostic
methods before and after the program.

Research results. The impact of blended learning on the mental health of higher education learners in crisis conditions was examined.
According to the interview results, additional support programs significantly alleviated the psychological state of higher education learners.
After participating in psychological interventions, anxiety decreased by 30%, and depression by 25%. Statistical analysis confirmed that active
participation in virtual learning contributes to academic success and satisfaction among higher education learners. Our results underscore
the importance of further research and the development of psychological support programs for higher education learners in crisis situations.

Conclusion. The impact of blended learning on the mental health of higher education learners has been investigated. Transitioning
to this form of education leads to increased stress, anxiety, and depression. However, additional support programs help mitigate these
negative effects, emphasizing the importance of effective psychological resources for higher education learners.

Key words: blended learning format, online learning, distance education, stress, anxiety, depression, psychological support.

Beryn. AktyansHicTh. Y cydacHOMy CBITi, 1€
MBUJAKICTh 3MiH HaOyma Oe3Npere/cHTHUX po3Mi-
piB, OCBiTa TMEPEKUBAE TEPiO] 3HAYHUX IEPETBOPCHB.
3acTocyBaHHsS IHTEpHETY W TEXHOJIOTIH i1H(OpMAaIiii-
HOTO 3B’S3Ky MJa€ MOXKJIMBOCTI OTPUMYBAaTH 3HAHHS
Ta HaBUYKH 3 OYIb-SIKOTO MICIS CBITY, PO3IIMPIOOYH
00cCsTH AOCTYITHOI OCBITH JUIS MiNbHOHIB Jtoneit. Oco-
OJMBO aKTyaJbHUM CTa€ BHUKOPHCTAHHS OHIJIANH-(POp-
MaTy OCBITH B yMOBaX 3arpo3 i BHKIIUKIB CbOTOJICHHS,
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KOJIM 3aKJIQJM BUIIOT OCBITH MOXYTh OyTH 3aKpUTi a00
HebOesneuHi i BiaiaysanHs (Kozhina, 2018).

Boenni aii, ki MOXyTh BifirpaBaTé poib KaTacTpo-
¢iyHOrO CTpecopa, ICTOTHO IMiJABHIIYIOTh PH3UK PO3-
BUTKY MICHXOJIOTIYHMX MPoOJIeM ceper 3100yBadiB BUIIOT
OCBITH. Y TaKMX yMOBaX MepexiJI 10 3MIIaHoro Gopmary
HABYAHHS MOXKEC CTaTH HE JIMIIE BHUXOIOM 31 CKJIaIHOI
CHTYallii, a § HOBHM JDKEPEIIOM CTPECY Ta HECIIOKOIO IS
37100yBadiB BUIIOI ocBiTH. Ilepexim 1m0 AucTaHIIAHOTO
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HABYAHHS MO)KC BUKIIUKATH HEBIIEBHEHICTH 1 TPUBOTY,
MIOB’s3aHy 3 HE3HAHOMICTIO 3 HOBHUMH TEXHOJOTISIMH,
BIICYTHICTIO TIPSIMOTO CIIUJIKYBaHHS 3 BHKJIaJa4aMH
1 OHOTPYITHUKAMH, a TAKOK CTPAXOM Tepe HeBIadaMu
B OHJIaliH-cepenoBui (Smulson, 2012).

OnHak rmepexin 10 OHNMaHH-(hOpMaTy HaBYAHHS TaKOK
BiJIKpUBA€E HOBI MOYKITBOCTI JIJ1S1 TICUXOJIOTTYHOI T ITPUMKH
Ta 3a0e3MeYeHHs] CTaOLTLHOCTI TICUXIYHOTO 310pOB’sl. 3aB-
JKU IHTepHETy 3700yBadi BHIOI OCBITH MOXYTh OTPH-
MYBATH JIOCTYTI JI0 TICUXOJIOTIYHMX MOCIYT 1 KOHCYJIBTAIIii
y OyIb-sIKMi Yac, He MOKUJIat0uH JIOMiBKH. bararto 3akasiB
BUIIO1 OCBITH HAJIAIOTh OHJIAIH-KOHCYIIBTYBAHHS Ta TICHXO-
JIOTIYHY MIATPUMKY IS CBOIX 3100yBadiB BUIIOT OCBITH, III0
MOXKE CIIPUSITH 3HIDKCHHIO PIBHSI CTpECy W MOKPAIICHHIO
nicuxiyroro Onaronomyyust (Shevchenko, 2018).

‘YMOBM BOEHHOTO CTaHy B YKpaiHi CTBOPIOIOTH Helle-
penbauyBaHi Ta HeOe3meuHi yMOBH sl 37100yBadviB
BHIIOi OCBITH, SIKI MOXKYTh MOCHJIUTH €MOLIWHUHN JHUC-
komdopr i crpec (Walsh, 2011). YV taknx ymoBax 0co0-
JUBO BaKJIMBO AOCHIJUTH BIUIUB 3MilIaHOTO (hopMaTy
HABYAHHS Ha TIICHXI4YHE 3I0pOB’sl 3700yBadiB BHIIO]
OCBITH, PO3pOOUTH e(EKTHBHI CTpaTerii ICHXOJIOTIYHOT
HiATPUMKH i BUBYCHHS Pi3HUX ACTEKTIiB I[LOTO BILIHBY,
YPaxoOBYIOUH SIK TIO3UTHBHI, TaK 1 HETaTUBHI CTOPOHH,
3 TIOIAJIBIIMM PO3POOJICHHSIM PEKOMEHIAIIIH 1151 TOKpa-
[IaHHS TICHUXOJIOTIYHOTO Oyarononay4us 3100yBadiB
BUIIOT OCBITH B TIOIOHMX KPU30BUX CUTYAITisIX.

Merta gociigKeHHsl — aHai3 BIUIUBY 3MIIIAHOT
(¢opMn HaBYaHHS Ha TICHXIYHE 370POB’S 3700yBadiB
BHUIIIOT OCBITH /I 9aC BOEHHOTO CTaHy Ta HOTo IICUXOTe-
paneBTHYHY KOPEKIIifO.

Marepianu Ta MeToau JociaimKeHHsi. Jloci-
JUKeHHsI, sike TpoBoawiu mpotsrom 2021-2023 pp.,
BKJIFOYAJI0O KOHTHHTEHT 3/100yBayiB Bumioi ocsith TOB
«EBporneicbkuii MemuuHui yHiBepcuteT» (M. [HInpo),
SIK1 HABYAITUCS B 3MiIIaHOMY (hOpMari.

KinpkicTh  y4acHUKIB JOCHIDKCHHS CTaHOBHJIA
120 oci6 Ge3 po3moaiTy 3a TeHISPHUMH OCOOIUBOC-
TSIMH. 3aTydeHl MPeACTaBHUKN Pi3HUX CIEIiaIbHOCTEH
1 KypcCiB AJ1s1 OUTBIIT MIMPOKOTO PO3IVISAY BIUIMBY 3Millia-
HOTo (hopMaTy HaBUAHHS Ha MICUXIUHE 37J0POB 4.

Sk MeTomM MOCIHIIKEHHS BHUKOPHUCTOBYBAIH KOM-
OlHOBaHMM MiAXid, KM BKIOYAB SK KIJIBKICHI, TaK
1 IKiCHI MeTOIH.

Jns KinbKiCHOTO aHami3y 3acTOCOBYBAJIH OIHTY-
BaHHS, CIPSMOBaHI Ha BUBUCHHS PIBHS CTpECy, TPH-
BOXKHOCTI i jgempecii cepen 3700yBadiB BUINOI OCBITH.
OnutyBaHHS OasyBayiocsi Ha mikam jaenpecii ['aMinb-
toHa (Hamilton Rating Scale for Depression, HDRS)
(Hamilton, 1960; Bagby, 2004), Takox IIKayi TPHBOTH
Crinbeprepa (State-Trait Anxiety Inventory, STAI)
(Saracino, 2018; Reznychenko, 2020), Ha 1mkai cipuii-
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usatoro crpecy (Perceived Stress Scale, PSS) (Peter,
2010; Veldbrekht, 2022).

VY sKiCHOMY JIOCTI/IPKeHHI BUKOPUCTOBYBAIH (hOKYC-
Tpynu # iHTEpB’I0 Uil OTPUMAaHHSA IIHOLIOTO PO3Y-
MIHHS JOCBify 3700yBadiB BHIOi OCBITH 31 3MIIIAHOIO
(dbopMoOr0 HaBYaHHS Ta TXHIX MCUXOJOTIYHUX PEaKIliii Ha
Hei. Y ¢okyc-rpynax Ta iHTepB’IOBaHHI OpajM ydacTb
55 3m00yBadiB BUIIOT OCBITH. MU TakoX BUBUMIIN TIPaK-
THKH 1 CTparerii, siki 300yBadi BUII0i OCBITH BUKOPUCTO-
BYIOTh ISl MOJOJIAHHS CTpPEecy M IMOKpamlaHHS CBOTO
MCUXIYHOTO Onaromosyyds Imij 4ac 3mimanoi ¢opmu
HaBYaHHS B yMOBax Kpu3u Ta KoHQuikTy. Kpim Toro,
aHaJi3yBaNM CTATUCTHYHI AaHi 3 IUIaTGOpM HaBUAHHS
JUTSL OIIIHIOBAaHHSI aKTUBHOCTI 3/100yBa4iB BHIO] OCBITH
Ta IXHBOT YCHIIIHOCTI B OHJIAH-CEPEIOBHUIIII.

JlocmipkeHHS BKITIOYAJIO JIBI OCHOBHI IpyIH 3700y-
BauiB BUIIOI OCBITH: EKCIICPUMEHTAJILHY i KOHTPOJIbHY.

VY pamKax eKCIepHMEHTAJIBbHOI TPYyNH peasi3oBaHi
PI3HOMAHITHI NICHUXOJIOTI4YHI MPOTpaMH  MiATPUMKH
(Herasymenko, 2018), cipsiMmoBaHi Ha 3HMXECHHS PiBHS
CcTpecy Ta MiJBUINEHHS IICUXIYHOTO OIaromomyydys.
V wiif rpymi B3stk yyacts 60 3100yBauiB BUIIOT OCBITH.

KonTpombHa rpyna, y cBOIO 4epry, HaB4dajgacs B 3Mi-
[IaHOMY PEKUMi HaBUYaHHSA 03 OTPUMAaHHS Oymb-SKHX
JIOJIATKOBHUX TICUXOJIOTIYHUX 1HTEPBEHIIH abo mporpam
MiATPUMKHN. Y KOHTPOJIBHIH IpyIi Opanu ydacTs 60 310-
OyBayiB BHUINOI OCBITH.

BaxmuBuM acmiekToM TOCTiKEHHs Oya0 30MpaHHsS
W aHami3 gaHuX 3 000X Tpyn 37100yBaviB BHUIIOI OCBITH
JUTSI IOPIBHSHHS €(DeKTUBHOCTI PI3HUX MiAXO/IB JO MCH-
XOJIOT1YHOT MiATPUMKHU B yMOBAX HABUYAHHS B 3MilIaHil
¢op™i mix yac KpHU30BOi CUTYaITil.

EdexTuBHICTS 3ampoOnoHOBaHOI MpOrpamMH ICHXO-
KOpeKmii Ta NCUXonpodiTakTUKN OLIHIOBAIN ICHXO-
JMIarHOCTHYHMM METOZIOM uepe3 IMOPIBHSUIBHE OILHIO-
BaHHS 3a JIONOMOTOI0 IIKAJIM COIIajJbHOI TPUBOKHOCTI
M. Jlibogina (Liebowitz. Social Anxiety Scale, LSAS)
(Batsylieva, 2020; Clark, 1995; Myriam, 2016).

Pe3yibraTi fociizkeHHs1 Ta ix o0roBopeHHs. 11ig
Yac JIOCIKSHHS BUBYAJIH Pi3HI aCTIEKTH 3MiIaHoro (hop-
MaTy HaBYAHHS, BKIIFOYAIOUN aHANI3 HOro 3B’S3Ky 3 piB-
HEM CTpecy, TPUBOTH 1 Jienipecii cepes] 3100yBadiB BUIIOT
OCBITH. AKIEHTYHOUM Ha MDKIUCHUIUTIHAPHUN TTiIXi,
MH TIParHeMO BHSBUTH 1 IPOAHATI3yBaTH Pi3HI (GakTopH,
SIK1 BIUIMBAIOTh Ha TICUX14HE 3/I0pPOB’S 3/100yBadiB BUIIIOL
OCBITH B YMOBaX 3MillIaHOi ()OpMH HaBUaHHS B KPU30BUX
ymoBax. OcoOnuBy yBary 3BEpHYTO Ha BHBUCHHS MOXK-
JUBHX CTpaTeriii MCUXOJIOTIYHOI MATPUMKH i ajanTarii
37100yBadiB BUIIOT OCBITH JI0 HOBUX YMOB HaBYaHHS, 1110
MOXXE JTOTIOMOTITH 3a0e3MeunTH IXHE TICHXOJIoTiuHe Ona-
TOTIOJTYYYsl Ta HABYAJIBHUH YCIiX B KPU30BUX YMOBaX.

Hama meta He 0OMEXy€eThCS JTUIIE BCTAHOBICHHAM
¢dakTiB. Mu npariemMo po3poOUTH KOHKPETHI PEKOMEH-
Jamii Juis OCBITHIX YCT@HOB 1 INCHUXOJOTIYHUX CITYKO
3 METOK0 ONTHUMI3allii yMOB HABUAHHS U 3a0e3MeUCHHS
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MICUXOJIOTIYHOI MiATPUMKH 3100yBadiB BHIOI OCBITH
y BaXJIMBHH Tepioll iXHbOTO JXUTTA. Hama pobGota
CIpsSIMOBAHA Ha IMiJIBUIICHHS PIBHS aJallTUBHOCTI, NICH-
XOJIOTTYHOT CTIMKOCTI ¥ ycHilmHOCTI 3100yBadiB BHIOT
OCBITH, SIKI CTHKAIOThCS 3 BHKJIIMKaMU 3MilIaHOTO (op-
Mary HaBYaHHS B yMOBaX KPH3H.

Le#t migxig maB 3MOTy 3pO3yMiTH, SIKi came Tpo-
rpaMu i THTEpBEHI(T HAHOUTbII e()EKTUBHI IS 3MEH-
HICHHSI CTpPEeCy Ta MOKpallaHHS MCUXIYHOTO 3/I0POB’s
3100yBayiB BUIIIOT OCBITH B KPU30BUX CUTYyAIlisIX.

[lig yac aHamizy KiTbKICHUX NaHHX, 310paHUX Yepes3
IHTEPB FOBaHHSI, MU BUSBHIIH, 1110 78% 3100yBadiB BUIIO1
OCBITH, sIKI HEpeHIIM Ha 3MimaHy (GopMmy HaBIaHHS
gyepe3 KpHU30BI OOCTAaBWHM, BiJUyBAIOTh ITiIBUIICHHUIA
piBeHb CTpECY, IO CTAHOBUTH 3HAYHY YACTHHY BHBYC-
HOro KOHTHHreHTy. J{omatkoBo 65% 3100yBadiB BUILIOT
OCBITH CTPaXXJAKOTh BiJl TPUBOXKHOCTI, a 53% JeMOH-
CTPYIOTh O3HAKH JEMpecii, IO CBIAYMTH MPO CEpHO3HI
BUKIIUKH, 3 SIKUMH CTHKAIOTHCS YYaCHHUKH 3MIIIAHOTO
(dopMmary HaBYaHHS B yMOBax Kpm3u. [TuranHs iHTEpB 10-
BAHHS CTOCYBAJIMCS PI3HHUX ACIHEKTIB MCHXIYHOTO CTaHY
3100yBadiB BUIIOT OCBITH, TAKHX SIK iXHI BIIIyTTS CTPECY,
piBEHb TPUBOXKHOCTI M CUMIITOMH JICTIpEcii.

aenpecia

TpuBora

Sk MoxHa GaunTH 3 puc. 1, mepeBa)kHa YacTHHA pec-
MOHJICHTIB CTPAXIa€ BiJ TPUBOTH, IO HE MOXeE OyTH
PO3IIHEHO SIK €JIMHUHU BIUIMB Ha JOCIIKCHHUX, TOMY,
BUXOJSYM 13 3arajibHOi KapTWHHW, 0a4yuMMo, [0 IHII
MOKa3HUKH TEX MAIOTh TOCUTH BEJIUKI 3HAYCHHSI.

[Tpu upoMy cam piBeHB cTpecy B 60% pecrioHIeHTIB
OyB Ha piBHi Big 14 no 21 Gana, mo MOXHA PO3LIHUTH
SK MOMIpHHUH piBeHb, 18% Manau Mmoka3HWK Bix 27 10
32 6aiiB, 0 MOXXHA PO3LIHUTH SIK BUPAXECHUH PiBCHD,
i 22% moKa3anu HU3bKHHA PIBEHb 13 MOKA3HHKOM Bij
9 no 13 GaniB, IO CBITYNUTH PO HASIBHICTH MOTPAHUY-
HOTo cTaHy. TpHuBOra rpaaylo€eThcsl B TAKUX ITOKa3HUKAX:
35% pecnoH/eHTIB MarOTh TOKa3HUK Bif 18 mo 30, mo
CBIYHUTH PO HHU3BKHI piBEHb PO3Iamy, 56% i3 mokas-
HUKOM BiJl 36 10 43 OaiiB, IO JOPIBHIOE MOMIPHOMY
piBHIO, 1 9% pECHOHIEHTIB MarOTh BUCOKUH PiBEHB.
CrocoBHO nempecii OTpUMAaHO Taki pe3yabTaTd: BiX
10 10 16 6asiB, OO CBIAYUATH MPO JICTKHHA JICNPECUBHUMA
poznazn 41%, Big 20 mo 23 GaiiB, 10 JOPIBHIOE Jienpe-
CHUBHOMY po3liany cepemnboi Baxkkocti 10%. Lle Mmoxna
HAOYHO MOOAYUTH HA pHC. 2.

[Tig yac sKiCHOTO JAOCTIKEHHS Yepe3 (POKyC-Tpymu
it inTepB 10 85% y4yacHUKIB BiA3HAYMIM BITIYTTS COIIi-

sy
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Puc. 1. Anani3 KiTbKiCHMX JaHUX cepejt T0CTiKeHnX 3100yBaviB BUIIOI OCBITH, Y BilcOTKaX
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aNBHOT 130MA1i1 Ta BIACYTHOCTI MIATPUMKH BijJ KOJET
1 BUKJIaJa4iB SIK OCHOBHHH (DakTop, IO BIUIMBAE Ha
iXHE TCUXiYHE ONaromoyydysi B OHJIAWH-CEPEIOBHIIL.
[Ipu upomy 72% 3100yBadiB BUIOT OCBITH Bi4yBarOTh
3arajbHy HEBIIEBHCHICTh y MalOyTHBOMY uepe3 HecTa-
OUTbHY CUTYAIl}0 B KpaiHi.

[lopiBHSIHHS €()EKTUBHOCTI ICHXOJIOTIYHOI TMij-
TPUMKH B E€KCIIEPHMMEHTAJIbHIA 1 KOHTPOJIbHIN Tpymax
yKa3ye Ha Te, 10 3100yBavi BUILOI OCBITH, SIKI OTPHMY-
BaJIM JTOAATKOBI IPOTPaMH MiATPHUMKH, JEMOHCTPYBaIH
3HA4YHE TIOJICTIICHHS B IICUXOJOTIYHUX MOKa3HUKAX.
[TopiBHSIHO 3 KOHTPOJIFHOIO T'PYIIOI0, Y SIKiil HEe Hama-
BaJIM JIOAATKOBI iHTEpBEHIIil, 3100yBaui BUIIOI OCBITH
CKCIIEPUMEHTAIBHOI TPYNH Big3HAYMIM 3HWKCHHS
piBHs cTpecy Ha 40%, 110 € Bpa)XKarounM pPe3ylbTaToM
1 CBIIYUTH NMPO €PEKTUBHICTD 3aCTOCOBAHHX MPOTPAM.

B excnepumMeHnTanbpHii Tpymi 3m00yBadiB  BHIIOI
OCBITH, KpIM 3a3HAUCHUX TNCHXOJIOTIYHUX THTEPBEHIIIM,
3aCTOCOBYBAJIM iHAMBIAyaIbHI KOHCYJBTAIII] 3 TICUXOJIO-
raMu Ta MCUXiaTpamMu sl po3poOIICHHS IIepCOHATI30Ba-
HUX CTpAaTeriil ynpaBiHHSA CTPECOM i MONIMIICHHS M1CH-
xigHoro craHy. Takok It 3a0e3medeHHs JAOTaTKOBOL
HiATPUMKH 37100yBadaM BHIOi OCBITH OyaM JOCTYIHI
OHJIAMH-KOMYHIKaIiiHI T1aThOpMH, JIe BOHH MOIIH
00roBOprOBaTd CBOi MPOOIEMH W IUTUTHCS JOCBiIOM
3 OJHOKypcHUKamMu Ta (axiBisgmu. Lli iHTepakTHBHI
00rOBOpEHHS JlaBalld 3MOTY 3100yBa4aM BHUIIOI OCBITH
BIIUyBaTH MIATPUMKY CIIJIBHOTH 1 CHIPHSUIH iXHBOMY
MCUXIYHOMY OJIarONOIyqdIo.

Kpim Toro, BUSBIIEHO, IO PiBEHb TPUBOKHOCTI cepel
YUYaCHHKIB EKCIIEPUMEHTAJIBHOI IPYIH 3MEHIIHMBCS Ha
30%, WO MIATBEPKYE YCHIIIHICTh TCHUXOJOTIYHUX
IHTEPBEHI[I Y 3MEHIIEHHI ICHUXIYHOTO TUCKOM(OPTY.
JlonatkoBo B Il e TPy CIIOCTEPIrajiocs 3HHUKCHHSI
piBHs gemnpecii Ha 25%, 1110 BKa3ye Ha MO3UTHBHUIN BIUTHB
Iporpam MiATPUMKY Ha 3araJIbHAHN IICUXIYHUA CTaH 310-
OyBauiB BHIIO] OCBiTH. Takuii ycIIiX CBIAYHUTH MPO BaXkK-
JIUBICTB 1 HEOOXITHICTH TICHXOJIOTTYHOT M ATPUMKH B 3Mi-
manii Gpopmi HaBUAHHS MiJ Yac KPU3OBUX CUTYAITIH.

KpiM 1HIUBIAyaNqbHUX KOHCYJBTAIIH 1 CHITBHOTH
Ha OHJAWH-TIaTGOpMax, YIaCHUKAM €KCIICPHMEHTAIIb-
HOI TPyIH HaJaBajJHCs TaKOK TPEHIHTH 3 MEAUTAIIi Ta
penakcamii. 1li TpakTUKM CHPUSIIN 3HMXECHHIO PiBHS
CTpECy 1 TPHBOKHOCTI, MOKPAIIAHHIO 3aTrajbHOTO CaMO-
nodvyTTs 3100yBauiB Bumoi ocBitTH. Kpim Toro, y pamkax
TICUXOJIOTIYHOI TIATPUMKH YYACHUKAM EKCIIePHMEH-
TaJBHOI IPYITN HaJaBaJIHCS IICHXOOCBITHI MaTepiaau Ta
pecypcH ISl CaMOPO3BHUTKY i CaMOITi3HAHHS, IO JTOIaT-
KOBO CIIPHSUIO IXHBOMY TICHXIYHOMY 3/I0POB’IO.

TakuM YHHOM, YCHIIIHICTh MPOrpaM IMiATPUMKH
B EKCTIEPUMCHTAJIBbHIHN IPyIi CBITYUTH PO HEOOXiHICTD
Ta e(EeKTUBHICTh I1HTErpaii MCUXOJIOTTUYHUX MOCITYT
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y Iporec 3MilIaHoro (opMaTy HaB4aHHS Mij 9ac KPHU30-
BUX CHTyamiid. BaykIMBHM CKJIaJHHKOM TaKUX IPOTPaM
€ IHIUBIyaIbHUHN MIX11 A0 KOXKHOTO 37100yBada BUIIOT
OCBITH, ypaxyBaHHS HOro oCOOMCTHX MOTpPed 1 MOX-
JUBOCTEH, a TaKOX MIATPUMKA COIHAIBLHOI CHITBHOTH
1 B3aeMofisl 3 (paxiBLISAMH 3 METOK MOKPAIIECHHS TCH-
XI4HOT'O CTaHy Ta 3arajibHOr0 CaMOIOYYTTSI.

[Ticnst mpoBeNeHHsST CTATHCTUYHOTO aHai3y JaHHX 13
wiatopM HABYAHHS MH OTPUMAIH IIKaBl Pe3yJbTaTH,
SIKi CBITYATh PO BAXKIIMUBICTh AKTUBHOT ydyacTi 3100yBadiB
BUIIO] OCBITH Yy BIpTyaJIbHOMY HABYAILHOMY CEPEIOBHIIL.

30Kkpema, 3a JOMOMOTOK KUTbKICHOTO aHami3y, SKHM
BKJIFOYaB OOpPOOKY AAaHUX 1 MOPIBHAHHS PI3HUX TPy,
YCTaHOBJICHO, IO 37100yBavi BUIIOI OCBITH, SIKi aKTHBHO
B3a€EMOJIIIOTh 3 OHJAHH-pecypcamMu i OepyTh ydacTb
y KoiabopaTWBHOMY HaBYaHHI, xocsrarore Ha 15%
017101 YCHIITHOCTI B HABYAHHI MOPIBHSIHO 3 THMH, XTO
MEHIIIE 3aTy4YCHUH 10 IIUX BU/IB JisTLHOCTI.

JlonarkoBo aHami3 BHSABHB, IO cepej 37400yBaviB
BHIIOi OCBITH, sIKI Opajii aKTHBHY y4acTh y BIpTyasb-
HHUX ANCKYCISIX 1 TPYHNOBUX MPOEKTaX, CepenHiil 6an i3
HaBYAJILHUX 3aBJIaHb CTaHOBUB 85%, 1m0 Ha 15% BHIIE,
HDK y 37100yBaviB BHINOI OCBITH, SIKi MEHIIEC Opann
y4acTh Y TAKUX BUIAX JisTIbHOCTI.

TakoX, TOPIBHIOIOUM PiBEHb YCHIIIHOCTI 3700yBa-
YiB BUIIOT OCBITH, SIKI B3aEMOJIIIOTH 13 BiJICOypOKaMH Ta
BIpTyaJIbHUMHU MPAKTUYHUMH 3aBIAHHSAMHE, 3 THMU, XTO
MPAKTUKYE TPATHUIIIHE YUTAHHS TEKCTIB 1 CAMOCTIiHI
3aBIaHHsI, BUSBUIIHK, IO TMEPIli JOCSITAlOTh BHUIIOTO
PIBHS YCHIIIHOCTI.

OTKe, pe3yabTaTH TOCII/PKEHHS MiITBEPIUIIH, 10
aKTHBHA y4acTh y BIPTyaJlbHOMY HaBYaJbHOMY CEpel-
OBHIII CIpUs€ TOKPAIIAHHIO YCIHINIHOCTI 3700yBadiB
BUILIOT OCBITH.

TakuM YMHOM, 3aCTOCYBAHHS CTATHCTUYHHX METO/IIB
JIaio 3MOTY 00’€KTHBHO OIIIHHTH BILTHB PI3HUX (OpM
AKTHBHOCTI y BIpTyaJbHOMY HaBYaHHI Ha YCHIIIHICTh
3100yBayiB BUIIIOT OCBITH.

JlonaTkoBO BUKOPUCTAHO KOPENAIIAHIA aHai3 IS
BCTAHOBJICHHS 3B’SI3Ky MK PIBHEM aKTHBHOCTI 3700Y-
BauiB BUIOi OCBITH Ha MIaTGOpMax HaBYAHHS Ta IXHIM
3araJbHAM 3aJJ0BOJICHHSIM BiJ mporecy HaBdaHHs. Llei
aHaJIi3 J1aB 3MOTY BHSIBUTH, 1110 ICHYE CTaTHCTUYHO 3Ha-
YrMa KOPEeJIAIisi MK [IMMH JBOMa 3MIHHUMH, TiATBEp-
JUKYIOYM, IO 3700yBavl BHINOI OCBIiTH, SIKi aKTHBHO
B3aEMOJIIIOTH 13 IIaThOpMaMH, CXUJIbHI JIO OUIBIIOTO
3aJI0BOJIEHHS B1Jl HABYAHHS.

[lepen moyarkoM MpOTrpaMu ICUXOJIOTIYHOI TiJI-
TPUMKH 3i0paHo JaHi Mpo JKepera TPYAHOLIB Yy (yHK-
IIOHYBaHHI y4JacHUKIB. [licisi 3aBepIlieHHS MpPOTrpamu
MPOBEJICHO MOBTOPHE IHTEPB’IOBAHHS Ti€l X TPYIH.
Ha ocHOBi pe3ynbrariB ONWUTYBaHHS BU3HAYCHO, SIK
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nporpama BIUIMHYJIA Ha TXHIO 3arajibHy 3aJ0BOJICHICTh
(DYHKIIOHYBaHHSM y PI3HUX cdepax KUTTEMISITbHOCTI
(TabGmuns 1).

Tabmui 1
Po3nogis paxepes TpynHoOIiB (PyHKI[IOHYBaHHSI
B JOCJIisKeHUX [0 Ta MicJis ydyacTi B mporpami

Jo yuacri Iicas yuacri
C(l)epa (by]-u(uio]-[yBaHHﬂ B I[pOFpaMi B nporpaMi
% %
Bzaemunu 3 pornuamu 65,0 13,0
[Ipodeciiina chepa 80,0 12,0
ComiasnbHa chepa 79,0 15,9

Y3arajpHIOWOUM JIaHl JOCIIHKEHHS, MOKEMO CTBEp-
JOKYBATH, 110 MICJIS Y4acTi B POrpami yYacHUKH 37aTHi
OyM YiTKO BHM3HAYUTH OCHOBHY cdepy ae3aianTaiii
y CBOEMY JKHTTI, SIKa 3aBJIaBajia IM ICHXOJIOTIYHY TPABMY.
Hampukman, mume 13,0% 3a3Haunmy HasBHICTH TPYA-
HOIIIB Y B3a€MUHAX 13 POAMYAMH MICIS y4yacTi B Mpo-
rpami MopiBHAHO 3 65% 1o ydacti. Y mpodeciiiiii cdepi
s nudpa cranosmia 12% nporu 80%, a B comianbHiM
chepi — 14,1% mnpora 79% (p<0,05). Takox BakiIHMBO
BiZI3HAYMTH, 1[0 3arajbHII 3BOPOTHHUI BILIUB TPYAHOIIIIB
pizHUX cep 3HU3UBCS B ycix gociimkernx (p<0,05).

Jocmipkeni ocoOu MiKpeCIoBalid, MO0 BiTHOB-
JICHHsI TIOBHOIIIHHOT TpOQeciitHOT IisSUIBHOCTI Mallo
ICTOTHMI, a 1HOII OCHOBHHUH BIUTUB Ha (hopMyBaHHs
ajanTarii ¥ B iHIMX cepax. BoHn BkazyBasiu Ha 3MeH-
LIEHHS BIUIUBY COLIaJIbHUX MPOOJeM Ha MPOSBH COL-
anbHO1 (oOii. KpiM Toro, miciis ydacTi B Iporpami, 3a
IXHBOIO CYO’ €KTHBHOIO OIL[IHKOIO, 3HH3MJIACS YacToTa
CTPECOBUX CUTYaIlil Yepe3 KOH(ITIKTH.

VY nocmipkeHH] TaKoX MPOaHAI30BAHO JUCHIEPCIIO st
TIOPIBHSIHHS CEPEHIX PEe3YJBTaTIB MK PI3HUMH TPyTIaMU
37100yBaviB BUILOI OCBITH, SKi BUKOPHCTOBYIOTh Pi3Hi MiJl-
XOJIM JI0 3MirIaHol popmu HaBdaHHs. Lleit aHai3 naB Ham
3MOT'y BUSIBUTH CTaTUCTHYHO 3HAYYII Pi3HUIII B HABYAIb-

HHX JOCSATHEHHSX MDK TPYIaMH, IO MiATBEPIKY€E BaKIH-
BICTh BUOOPY €(DEKTHBHHUX METOJIIB HABYAHHSI.

Sk GauMMo, 3aCTOCYBAaHHS PI3HMX CTaTHCTUYHUX
METOJIIB aHaJli3y JaHUX JaJ0 MOXJIHMBICTH 00’ €KTHBHO
OIIHUTH e(PEKTUBHICTh PI3HUX METOMAIB 3MilIaHOi
(dbopMu HaBYaHHS Ta iX BIUIMB HA YCHIIIHICTh 1 3a/I0BO-
JIeHHsI 3700yBaviB BUIIOi OCBITH BiJl HABYAJILHOTO MPO-
1IeCy, a TAKOXK JIOCIIHKEHHS MIATBEP/UKYE HEOOXITHICTD
po3po0IIeHHsT i YNpOBaKeHHsST e(EeKTUBHUX cTpare-
Il MCHUXOJOTIYHOT MIATPUMKH JUTs 3100yBadiB BHIIOT
OCBITH, SIKi 3MYIICHI NMEPEXOAUTH Ha 3MimaHy (opmy
HABUAHHS B KPU30BUX CHUTYaIlisIX.

PesynpraTi oCnipkeHHS HaA3BUYAWHO IIiKaBi Ta
MaloTh MPAKTUYHE 3HAUCHHS JUIsl BIOCKOHAJICHHS TIPO-
1[eCy HaBYaHHS U MIATPUMKH IICUXIYHOTO 3M0POB’S 3]10-
OyBayiB BUINOT OCBITH B KPU30BUX CUTYyAIlisIX.

PesynbraTu ocipkeHHS BKa3yrOTh Ha HEOOXiTHICTh
MOJANTBIIIMX BUBYCHHS W pO3POOJICHHS MPOrpaM MCHUXO0-
JIOTTYHOT MiATPUMKH AJIs 3100yBaviB BHIIOI OCBITH.

BucnoBkn. OT:ke, HA OCHOBIi BHKJIAJEHOI0
MOKeMO MiICyMyBaTH TaKe:

1. TocainykeHHIM YCTaHOBJIEHO, [0 3MilmIaHa
¢opma HaBUAHHS 3HAYHO BIIMBAE HA MICUXIYHE 3/10-
PoB’si 3100yBa4iB BHIIOI OCBiTH 0CO0JIMBO B yMOBaX
3arpo3 i BUKJIMKIB CbOTO/IEHHSI.

2. JloBeieHO, 10 WiIBHINEHHH PpiBeHbL CcTpecy,
TPUBOKHOCTI ¥l Aemnpecii cepex 3700yBaviB BHIIOL
0CBiTH, fIKi Mepeiilin Ha 3Milany (opmMy HABYAHHS
yepe3 3arpo3d Ta BUKJIHUKHU ChOTOAEHHS, CBIIYUTH
PO HEeOOXiAHICTH CHCTEMHOTO MiX01Y 10 MiATPUMKH
IXHBOTI'0 MCHUXOJIOTIYHOIO 0J1aronoayd4s.

3. Pesynbrati 0CITiTzKeHHsS] TAI0Th 3MOTY CTBep-
JKYBATH, 110 3100yBavi BUIOI OCBITH, IKi OTPUMYBaJIH
J10/IaTKOBi MPOTrPaMu MiATPUMKH, IeMOHCTPYBAJIU 3HA-
YHe MOoJIEreHHsI B ICHX0JIOTIYHNX MOKA3HUKAX, TAKHX
SIK CTpec, TPUBOKHICTB i 1enpecisi, 1110 BKAa3y€ HA BaXK-
JIMBICTH HASIBHOCTI IOCTYNHUX TA e()eKTHUBHUX MCHXO0-
JIOTIYHUX pecypciB 1J1s1 3100yBaviB BUIIOI OCBITH.
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FUNCTIONAL CHANGES IN SKIN MAST CELLS DURING SURGICAL WOUND HEALING
IN RATS AFTER THE INFLUENCE OF CHRONIC SOCIAL STRESS

Actuality. The problem of social stress, as well as the epidemiology of injuries, is currently the most pressing in the world, while the
skin, as an external protective layer, is the first to respond to their effects by disrupting structural homeostasis. At the same time, there
is evidence that mast cells, as resident, are a local link in the interaction between the neuroendocrine and immune systems of regulation
of tissues of the internal environment of the body in normal and pathological conditions. The role of mast cells in control and regulation
of internal environment tissues is intensively researched. The question of stressful conditions’impact on mast cells remains relevant.

The purpose of the work was to characterize changes of functional parameters of mast cells during reparative processes under the
influence of chronic social stress: the degree of degranulation and cell size.

Material and methods. Study involved 50 Wistar male rats. Control group comprised 20 rats. We modeled chronic social stress
on animals of the 2nd group, which were more susceptible to stress biologically active substancesed on the open-field test results,
(n=30) by the three-week social isolation and prolonged psychoemotional impact. Stress was confirmed in an open field test, which
was performed to all animals before and after modeling of chronic social stress. On the day of injury and on days 1, 3, 7, 14, and 30
of wound healing, a skin flap sized 1*1 cm was removed from the interscapular area. Samples were excised so that both the wound
healing site and undamaged tissue were in them. Mast cells’size and degranulation degree were counted in sections, selectively stained
with toluidine blue.

Research results. The process of wound healing in the rat skin was characterized by certain homeostatic and reparative features
of the dynamics of the ratio of degranulation types of mast cells and their sizes as physiological regulators. In the control, we noted the
maximum degranulation during inflammation and the absence of degranulation in the remodeling stage. In the experiment, even before
the injury, a significant increase in the number of mast cells and their significant degranulation according to type 2 was noted, while
the decrease in the number of mast cells during the stages of inflammation and proliferation was compensated by their high functional
activity.: an increase in degranulation mainly according to type 3 and an increase in their size, - in the process of prolonging the stages
wound healing, which was accompanied by an increase in the number of mast cells and their functional activity for 30 days.

Conclusion. Chronic social stress disrupted the normal course of the wound process, contributing to its chronicity, in which
cellular events characteristic of each stage of reparative regeneration were cross-observed in the wound healing process. Received
data gives the prospect for therapeutic modification of the wound process with a targeted effect on the mast cells’ activity.

Key words: chronic social stress, cutaneous wound healing, types of mast cells degranulation, quantitative and functional dynamics
of mast cells in remodulation, stages of reparative regeneration.
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OYHKIIOHAJIBHI 3SMIHU TYYHUX KJIITHH HIKIPU I YAC 3AT'OCHHS XIPYPI'TYHUX
PAH IIYPIB IIICJIA BINIUBY XPOHIYHOT'O COLIAJIBHOI'O CTPECY

Axmyansnicms. IIpobnema coyianvinozo cmpecy, AK i enioemionozii mpasmamusmy, Hapasi € HAUAKMYarbHIWOW Yy c8imi, a wKipa,
AK 306HIWHIN 3AXUCHULL WAp, NEPUIOT0 peazye HA IX 6NaUE NOPYuleHHAM CMPYKmypHo2o 2omeocmasy. Boonouac € oani, wjo myuni
KIIMUHU, 5K PE3UOCHMHI, € JIOKALIbHOIO JAHKOI Y 83AEMO0II HEeUPOEHOOKPUHHOL ma iMYHHOI cucmem nio uac pecyisiyii mKaHuH 6Hy-
MPIWHBLO20 CepedoUd OP2AHIZMY 6 HOpMI Ul Y paszi namono2ii. Huni iHmeHcusHo 00CaiodNcyeEmves poib MyUHUX KIiMuH Y KOHMpPOai
ma pe2ynayii mKauun 6HYmpiuHb020 cepedosuula. AKmyanbnum 3a1umacmscs NUMants npo 6NaU8 CIMpecosux Gakmopie Ha myuni
KAITMUHU.

Mema docnidcennsn — oxapaxmepuszygamu 3minu GYHKYIOHATbHUX NAPAMEMPIE MYUHUX KATMUH Ni0 4ac penapamugnux npoyecie
10 8NIUBOM XPOHIUHO20 COYIANLHO2O CINPeECy: CIYNeHA 0e2paHyiayii ma posmipy KaimuH.

Mamepian i memoou. Y oocriodicenni 63suu yuacmo 50 camyie wypie Bicmap. Koumponony epyny cmanosunu 20 wypie. Xpo-
HIYHULL coyianbHull cmpec MoOentogany Ha meapunax 2-i epynu (n=30), axi Oyau Oinbw CRPULHAMAUSUMU 00 CIPECOBUX GNIUGIE 3a
pe3yibmamamu mecmy «GioKpume noiey» WiAXoM mpumudicnesoi coyianbroi izonayii ma ncuxoemoyitinozo énaugy. Cmpec 6ys nio-
meepodicenuil y mecmi 6i0OKpUMOo20 noas, Wo npo8ooUsU 6CiM MEAPUHAM 00 MA NICHA MOOENO8AHHA XPOHIUHO20 COYIANLHO20 Cpecy.
YV 0env nanecennsn panu it na 1, 3, 7, 14, 30-y 006y 3acoennsn panu 3 Midcionamkogoi OisAHKY BUCIKAU WKIPHUL KIANOMb PO3MIDOM
1*] cm. 3pasku eupizanu max, wob y HuUX nompanisano Ak Micye 3a20€HHA panu, Max i Henowkoodcena mrkanuna. Posmip myunux kii-
mun i cmyninb 0ecpanyisayii niopaxoeyeau 6 3pizax, CeleKmueHo 3a0apeiienux moayiouHoOSUM CUHIM.

Pesynomamu 0ocnioxcenna. Ilpoyec 3a20€nHs pan wKipu wjypie Xapakmepusyeascs NeGHUMU OMEeOCMAMUYHUMU 1l penapamue-
HUMU OCOONUBOCMAMY OUHAMIKU CNIBGIOHOUEHHA 0eSPAHYIAYILIHUX MUNIE MYUHUX KIIMUH 1 ix po3mipie Ax ¢izionoziunux pezynamopis.
YV kommponi mu 6i03HaAUANIU MAKCUMATLHY Oe2PanyIAYIIo Ni0 Yac 3anaileHHs ma I0CYMHICIb 0ecpanyiayii 6 cmaodii pemooento8anHsL.
B excnepumenmi we 0o mpaemu 3a3HaueHo 00CMOGipHe 30LIbUeH s KITbKOCMT MYUHUX KIIMUHK 1 iX 3HAUHY 0eSpaHyiayil 3a opyeum
MUNOM, mooi AK 3MEHUWEHHS KITbKOCMI MYYHUX KITMUH Ha cCMadisax 3anaients ma npoaigepayii KoMnencyeanocs ix 6ucokor @yHkyio-
HAIbHOIO AKMUGHICIIO. NOCULEHHAM 0eSPaHYIAYIL nepesaddcHo 3a munom 3 ma 30i1bueHHIM X pO3MIPIE — y npoyeci nposoHeayii emanie
3A20€HHS PAH, WO CYNPOBOOACYBANIOCS 30LNbUICHHAM KIIbKOCIE MYUHUX KIIMuH I ix yyHKyionanvrol akmusnocmi npomsizcom 30 OHis.

Bucnoeok. Xponiunuii coyiansnuii cmpec nopyutyeas HopmaibHull hepebie panogo2o npoyecy, Cnpusiodu o020 xponizayii, 3a aKoi
KAIMUHKI nOOIl, XapakmepHi 015l KOJICHO20 emany penapamuenoi pecenepayii, nepexpecio cnocmepieanics 6 npoyeci 3a20€HHs panu.
Ompumani oani € nepcnekmugnumuy 0151 mepanesmudnoi moougikayii panosozo npoyecy i3 YineCnpamosaHum 6NIAUBOM HA AKIMUG-
HICTb MYYHUX KAIMUH.

Knwouosi crnosa: xponiunuii coyianoHuil cmpec, 3a20€HHsL PaH WKIPU, 0eSParyIsAYIUHT MUnu ny4yHux KIimuH, KITbKIiCHA 1 (OYHKYIO-
HAIbHA OUHAMIKA MYYHUX KITMUH Yy pemooynayii, cmadii penapamueroi pecenepayii.

Introduction. It has been shown that chronic stress onic sympathetic nerve fibers stimulate mast cell degran-
affects cutaneous wound healing through the overstimula- ulation, which promotes an early anti-inflammatory
tion of mast cells and post-ganglionic sympathetic nerve response, compromising the inflammation and the skin
fiber interaction. Catecholamines released by post-gangli- healing process (Romana-Souza, 2023, p. 578104).
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Modern interest in the structural and functional studies of
mast cells is intensively increasing due to the recent expan-
sion of new experimental data obtained about their excep-
tional multifunctionality (Komi et al., 2020, p. 298-312;
Theoharides, 2020, p. 388-392). Although mast cells are of
myeloid origin, related to granular leu migrate (Trautmann
et al., 2000, p. 100-106) and are resi kocytes, they do not
dent in tissues with a pronounced organ specificity. They are
located in groups around blood capillaries, lymphoid capil-
laries, nerve trunks in the loose connective tissue, therefore
they are ubiquitous, but with a predominant location in the
dermis of the skin and in the lamina propria of the mucous
membranes, i.e. in organs in contact with the external envi-
ronment. Mast cells constantly synthesize and accumulate
in granules various biologically active substances that reg-
ulate the homeostasis of surrounding tissues by constantly
releasing specific mediators under physiological conditions
or by simultaneous degranulation to varying degrees in
case of destructive or receptor disorders in tissues (Bhuiyan
etal., 2021, p. 2184-2197; Li et al., 2022, p. 2105152).

Based on the diversity of synthesized biologically
active substances and the compact arrangement of cells
in loose connective tissue, where their number normally
takes up to 10%, as well as taking into account their organ
specificity, these islets of mast cells are rightly consid-
ered relatively autonomous peripheral sections of the
endocrine system. This opinion is confirmed by a num-
ber of studies on direct and reverse reactions to changes
in the synthesis of mast cells’ biologically active sub-
stances mediators in the central organs of the endocrine
system (Gupta & Gupta, 2017, p. 103-251; Olejniczak
et al., 2022, p. 153—-163; Theoharis, 2017, p. 751-759;
Watson et al., 2016, p. 134).

As cells of the innate immune system, mast cells
through various mediators affect the functional activ-
ity of cells in tissues, including immunocompetent
cells of innate and adaptive immunity (Oskeritzian,
2012, p. 23-28; Theoharides, 2020, p. 388-392).

Taking into account the data that mast cells, being
resident, are a local link in the interaction between the
neuroendocrine and immune systems of tissue regula-
tion of the body’s internal environment in normal and
pathological conditions, the purpose of our research was
to describe the impact of chronic social stressful situa-
tions on them.

The specific purpose of this study was to character-
ize changes of functional parameters of mast cells dur-
ing reparative processes under the influence of chronic
social stress: the degree of degranulation and cell size.

Material and methods. Manipulations with animals
were performed in compliance with regulated norms and
rules for the treatment of laboratory animals: principles
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of bioethics, legislation and requirements in accordance
with the provisions of the European Convention for the
Protection of Vertebrate Animals Used for Research and
Scientific Purposes (Strasbourg, France, 1986), The Law
of Ukraine “On protection of animals from cruel treat-
ment”. All procedures performed were approved by the
Bioethics committee of Zaporizhzhia State Medical and
Pharmaceutical University.

The research was performed on 50 white male Wistar
rats, aged 12—13 months, weighting 390—430 g at the
time of picking, and they were divided into 2 groups.
The st group, control, comprised 20 rats (4 rats for each
time point of wound healing). We modeled chronic social
stress on animals of the 2nd group, which were more
susceptible to stress biologically active substancesed on
the open-field test results, n=30, (6 rats for each time
point of wound healing) by the three-week social isola-
tion and prolonged psychoemotional impact. Stress was
confirmed in an open field test, which was performed to
all animals before and after modeling of chronic social
stress. For morphological assessment of the skin, a
skin flap on the back in the interscapular region about
Iecm*1cm in size was excised on the day of wounding
and on days 1, 3, 7, 14, 30 of wound healing. Samples
were excised so that both the wound healing site and
undamaged tissue were in them.

Skin samples including the boundaries of the wound
surface were fixed in 10% neutral formalin solution and
followed standard histological methods. Serial sections
(5 pm thick) were made using a Thermo Scientific HM
325 microtome (Thermo Fisher Scientific, USA) and
selectively stained by acidified toluidine blue. Cyto-
morphometric studies were performed directly on his-
tological specimens using a Carl Zeiss Primo Star iLED
(ZEISS, Germany) microscope. We prepared micropho-
tographs by Carl Zeiss Primo Star iLED microscope
and an Axio CamERcS5s camera (ZEISS, Germany),
that were analyzed by the ZEISS ZEN 2011 (ZEISS,
Germany) microscopy program (calculation of the cells
size). Cell size was expressed in um. The degree of mast
cells’ degranulation was studied by the ratio of mast
cells’ types with subsequent calculation of the degran-
ulation index (DI).

The following types of mast cells have been iden-
tified: 1) with dense and diffuse arrangement of gran-
ules in the cytoplasm of the cell; 2) — partially degran-
ulated cells with signs of violation of the integrity of
the plasmalemma (blebbing); 3) — deformed, having
the appearance of bluish spots, completely degranu-
lated cells, often with the absence of a nucleus or its
remnants (fig. 1).
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Fig. 1. Degranulation types 1(a), 2(b), 3(c) of mast cells: fibroblast (1),
mast cells without degranulation (2), mast cells with partial degranulation (3),
granules in extracellular substance (4), degranulated, deformed mast cells (5)

DI was calculated by the formula:

DI mast cells=D/(ND+D)*100%, where

D — number of degranulated cells in the sum of 2nd
and 3rd mast cells types,

ND — number of non-derganulated cells-type 1 mast
cells.

Statistical analysis and presentation of experimen-
tal results were performed using the standard package
of statistical programs IBM SPSS Statistics version 26
(IBM corp., Armonk, NY, USA). Normality of quanti-
tative indicators’ distribution was checked by Kolmog-
orov-Smirnov single-sample test. Mann-Whitney test
for independent samples with normal distribution was
used for the open-field data. Each value is expressed as
mean + standard error of the mean. One-way ANOVA

MC
80,00 * type

T type 1
T type 2
T type 3

60,00
40,00

20,00

Mean amount of mast cells. %

000

Wounding  Day 1 Day 3 Day 7 Day 14 Day 30

Day of wound healing

was used to test for overall differences in the extent
of days of wound healing process; where appropriate.
Correlation analysis of the dependence of cell size on
their degranulation type and their significance for each
study period was calculated according to Pearson and
expressed as mean =+ standard deviation. A difference
considered statistically significant at P<0.05.

Results. In intact, before wounding, histological skin
samples of control animals, the amount of type 1 mast
cells was in the majority (93.3%), and type 2 mast cells
(fig. 2) was in the minimum values (6.7%). During the
inflammatory phase, there was a functional redistribu-
tion of mast cells. Thus, on the 1st day of wound healing,
the number of type 1 mast cells significantly decreased,
with a corresponding increase in type 2 cells with

mMC
type

100,00
I type 1
T type2
T type 3
80,00

6000

4000

Mean amount of mast cells. % -

20,00

Wounding  Day 1 Day 3 Day 7 Day 14 Day 30

Day of wound healing

Fig. 2. The ratio of mast cell types (1, 2, 3) in the skin of rats during the healing of a surgical wound
in control animals and after exposure to chronic social stress, %
* — differences compared to previous day of wound healing are significant at P<0.05.
** — differences compared to previous day of wound healing are significant at P<0.01.
*#% _ differences compared to previous day of wound healing are significant at P<0.001.
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the appearance of the majority of type 3 cells. By the
3rd day of healing, the activity of mast cells’ degranula-
tion decreased: cells of type 1 and 2 already accounted
for 50% with the absence of type 3 mast cells. In the
proliferative phase, there was a continuing dynamic of
the decrease in degranulation activity. So, on the 7th day
of wound healing, 81.8% (P<0.001) of mast cells were
already type 1, and just 18.2% (P<0.01) were type 2. On
day 14, all observed mast cells were type 1 (P<0.05). At
the remodeling stage (day 30) all mast cells were type 1.

In the histological preparations of the experimental
group of animals, the functional parameters of the mast
cells were contrastingly different from the control. Thus,
even in intact skin samples, the proportion of type 2
mast cells increased compared to control and amounted
to 36.4%. Inflammatory and proliferative phases of
wound healing were accompanied by contrasting func-
tional degranulation shifts, different from control. So, on
the st and 3rd days, the number of mast cells of the
2nd type was — 9.1% and 15.1%, respectively, and the
3rd type was 63.6% and 72.3%, respectively, which sig-
nificantly differed from values in similar preparations
from control animals. Mast cells’ degranulation during
the proliferative phase somewhat decreased, but it still
remained above the control values. So, on the 7th day,
the number of type 2 mast cells 34.8%, type 3 — 30.4%,
and on the 14th day, all 66.7% of degranulating mast
cells were only type 2. At the remodeling stage degran-
ulation of the majority of mast cells by type 2 was still
observed (53.9%); the remaining were 1 type.

The functional activity of mast cells was also
expressed by us in the form of a degranulation index.
The dynamics of the degranulation index of mast cells is
shown in fig. 3, from which it follows that the initial val-
ues in the control group of animals of this indicator are
minimal, and the highest — on the first day at the stage
of inflammation after wounding. Further, the degranu-
lation index rapidly decreased and reaching zero val-
ues, already at day 14 since all mast cells in this period
belonged to type 1.

In the experimental group of animals, degranula-
tion index before wounding was already significant,
amounting to 36.4 = 0.81 % and reached high values on
days 1 and 3 of the inflammatory stage. In the prolifera-
tion stage, degranulation index decreased, but remained
at a high level, on the 7th and 14th days of observation.
At the stage of remodeling, degranulation index contin-
ued to decrease, but remained high.

Variations in the size of mast cells in the animals of
this experiment are presented in fig. 4. The average size
of mast cells of type 1 in intact rat skin samples was
5.1 £ 0.30 pm, while their partial degranulation and
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transformation into cells of type 2 was accompanied by
a decrease in their size to 3.5 £ 0.09 um. At the stages
of the reparative process in the control group of animals,
the size of type 1 mast cells for the most part varied in
the initial sizes (5.1-6.6 pm), but with a pronounced dip
t0 3.9 = 0.60 um (P < 0.001) at the end of proliferation
(day 14). Type 2 cells at these stages showed similar
variation with type 1 cells with a demonstrative decrease
in size of up to 4.4 + 0.1 um, but already at the beginning
of the proliferation stage.

Group

[ Control
I Chronic social stress

100,00

80,00

60,00

Degranulation index

4000

20,00

Wounding  Day 1 Day 3 Day 7 Day 14 Day 30

Day of wound healing

Fig. 3. The index of mast cell degranulation
in the skin of rats during the healing of a surgical
wound in control animals and after exposure
to chronic social stress, %
* — differences compared to previous day of wound
healing are significant at P<0.05.
** _ differences compared to previous day of wound
healing are significant at P<0.01.
*#%* _ differences compared to previous day of wound
healing are significant at P<0.001.

In control animals, completely degranulated,
type 3 mast cells were observed only in the form of
bluish spots only on the first day of the acute phase of
inflammation, the cell size of which increased on average
to 10.2 £ 0.1 pm, but without gross deformation of the
cell and often with the presence of nuclear remnants.

The average size of mast cells in the experimental ani-
mals was mostly larger than in the control. Thus, type 1 mast
cells in intact (initial) skin samples were 7.5 &+ 0.57 pm,
while 5.1 £0.32 pum in the control (P<0.01), with a signifi-
cantdecrease onthefirstday ofinflammation (6.8+0.72 um,
P<0.05) and with a gradual downward trend towards the
end of the inflammation stage (5.7 +0.47 um) with a sharp
drop to the beginning of the proliferative stage (7 days) to
4.5 +0.51 (P<0.05) and then with a sharp rise towards its
end (14 day) — up to 7.9 = 0.83 um (P<0.01) and with a
return to most of the average sizes for type 1 mast cells by
day 30— 5.9 +£0.96 (P<0.01) pm.
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Fig. 4. Sizes of mast cells by days of the reparative process and types of degranulation (1, 2, 3)
in the control and experimental groups in the skin of rats, pm
* — differences compared to previous day of wound healing are significant at P<0.05.
** — differences compared to previous day of wound healing are significant at P<(.01.
*#% _ differences compared to previous day of wound healing are significant at P<0.001.
# — differences compared to control group are significant at P<0.05.
### — differences compared to control group are significant at P<0.001.

Partially degranulated mast cells of the 2nd type were
even larger before injury — 7.9 + 0.08 pm, as well as the
entire period of inflammation — 9.1 £ 0.22 um and 7.5
+ 0.11 um per 1 and 3 days, respectively (P<0.01), with
a sharp decrease in the index to 3.1 + 0.08 um (P<0.01)
at the beginning of the proliferative stage (7th day) fol-
lowed by an equally sharp increase in size (8.2 = 0.07
and 8.5 = 0.05 um, P<0.01) in the subsequent stages of
regeneration (14 and 30 days).

The sizes of type 3 mast cells were typically large,
significantly exceeding those in the control at all stages
of detection, but the largest were at the end of inflamma-
tion (day 3) and at the beginning of the proliferative stage
(day 7): 17.2+1.31 pm and 24.1 + 3.57 pm respectively
(P<0.01). Their general morphology was typical — in the
form of bluish spots, often with a rough deformation of
the edges of the cell.

®diroTepanis. Yaconuc

When studying variations in the mast cells’ size, their
average values in intact histological samples of control
animals before injury were taken as the initial ones,
since it was assumed that they correspond to their phys-
iological homeostatic state.

As can be seen from fig. 4, mast cells of 2 type of
were detected in control animals on the day of injury,
most of which were cells of type 1 (93.4%), the size of
which was 5.1 = 0.31 pm, mast cells type 2 was 6.7%,
partial degranulation of which was accompanied by a
decrease in size to 3.5 = 0.09 pm.

Analysis of the results of fig. 4 shows that an increase
in the functional activity of mast cells during reparative
processes is usually accompanied by an increase in their
size. This is typical for both control and experimen-
tal groups of animals. It should be noted that the trend
towards an increase in the size of the mast cells during
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their functional load was contrastingly expressed in the
experimental group of animals. In animals of this group,
the size of mast cells of the 1st and 2nd types before injury
exceeded those in intact histological preparations. Atten-
tion is drawn to the appearance of type 3 mast cells with
the greatest violation of structural homeostasis — inflam-
mation, accompanied by huge cell sizes, which continues
even in the proliferative period of wound healing.

An analysis of the sizes of mast cells types at the
stages of reparative regeneration revealed its different
direction and amplitude of changes in both experimen-
tal and control groups of animals. Thus, in individual
phases, maximum and minimum values of the size of
the mast cells were observed (for example, the minimum
values of the mast cells of the 1st type on the 14th day
in the control — 3.9 £ 0.67 um and on the 7th day of the
2nd type in control, and 3.1 £ 0.08 pm in experiment).
The sizes of cells of types 1 and 2 with the amplitude of
fluctuations are within the range of histological values
for immunological cells of innate immunity, while type
3 mast cells significantly exceed these limits and have a
size of 24.1 £ 3.52 um, as on the 7th day in the experi-
mental group of animals.

The functional dependence of the size of the mast
cells, depending on their belonging to the types of
degranulation (1, 2, 3) is presented in table 1. So, before
wounding (intact period), the coefficient of correlation
between the analyzed values was negative and amounted
to -0.98 (P<0.001), while on the first day of the inflam-
matory process this indicator changed sign to positive,
remaining high r=0.91 (P<0.001), but by the end of this
period (day 3), there was a tendency to change the direc-
tion of the relationship r=-0.18, which reached signifi-
cant values by the beginning of the proliferative stage
(r=-0.85, P<0.05). At the remaining observation periods
(days 14 and 30), no correlation analysis was performed,
since all mast cells were of type 1.

In experimental animals, the direction of the relation-
ship between the size of the mast cells and their types
was only positive, and already in the initial histolog-
ical sections of the skin it was average and amounted

to 0.54. At the inflammation stage (days 1 and 3), the
relationship was high, approaching functional (0.98 and
0.92, respectively, P<0.01). In the proliferative stage of
wound healing, the analyzed indicator remained high
0.82 (P<0.01), but by its end (day 14) it dropped sharply
to 0.31, going beyond the significance limits, however,
at the remodeling stage, the relationship increased again,
approaching to functional (0.93, P<0.01).

Discussion. The results obtained convincingly con-
firm the literature data on the main function of mast cells
in the loose connective tissue and their relationship with
the main regulatory system — the neuro-immuno-endo-
crine system (Bhuiyan et al., 2021, p. 2184-2197). It
is on their functional state that the metabolism of cells,
tissues, organs and their systems depends due to the
circulation of the humoral internal environment: blood
plasma — tissue fluid — lymph.

At the same time, an adequate explanation of the
dynamics of the obtained results can be logically made
only with a comprehensive assessment of the histological
dynamics of mast cells in loose connective tissue. Thus, in
loose connective tissue, mast cells’ precursors constantly
repopulate from the bone marrow, differentiating into the
corresponding autonomous type of mast cells, where they
perform a set of functions and end their cell cycle with
apoptosis (Yukihiko et al., 2006, p. 387—405). At the same
time, the quantitative shifts of mast cells in the process of
healing of surgical wounds were closely related to their
functional values: synthesis and constant release of bio-
logically active substances by degranulation.

In this regard, the physiological processes of mast cells
in the control of this study can be logically represented by
the following interpretation. So, in our previous studies in
the same experiment, in control animals, the initial (before
wounding) amount of mast cells was found to be 0.95 +
0.09 per 0.01 mm? (Makyeyeva et al., 2021, p. 34-41),
which corresponded to the data of other authors (Bayat
et al., 2008, p. 931-938). As shown in Figure 2, most of
them belonged to type 1 and had an average size of 5.1 +
0.30 wm, which we took as the initial size for mast cells as
cells of this histological series. A small amount of type 2

Table 1

Correlation relationship between sizes of mast cells (um) and their degranulation types (1, 2, 3)
in the control and experimental groups of animals, r = SD

Days of experiment
Group 0 1 3 7 14 30
Control (n=20) -0.98 + 0.0001*** | 0.91 + 0.0034*** | -0.18 = 0.0201 | -0.85 +0.0974* - -
Experiment (n=30) | 0.57 £0.0103*** | 0.98 +0.0001** |0.92 £ 0.0031** | 0,82 = 0.0052** 8321 lil 0.93 +0.0033**

* — differences are significant at P<0.05

** — differences are significant at P<0.01.
*** _ differences are significant at P<0.001.
— all mast cells were typel.
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mast cells with partial degranulation appear, probably,
for local non-extreme physiological needs, without addi-
tional synthesis of biologically active substances. There-
fore, their size decreased to 3.5 + 0.09 pm.

Analysis of the results of Figure 4 shows that wound-
ing, as a source of structural homeostasis disturbance,
led to an increase in the functional activity of mast cells,
aimed at reparative regeneration. In control animals, this
activation was characterized by a moderate increase in
the amount of mast cells (Figure 3) and their degran-
ulation (fig. 2), which was especially pronounced in
the acute phase of inflammation with the appearance
of type 2 mast cells (19.1%), and on the first day,
even type 3 mast cells up to 55,2%.

Continued further significant increase in the amount
of mast cells in the proliferative phase (on days 7 and
14) up to 4.38 = 0.20 per 0.01 mm? and 4.61 + 0.07
per 0.01 mm?, respectively, occurred with simultane-
ous decrease in degranulation activity, which can be
explained as a change in reparative tasks. So, only at
the beginning of the proliferative period, a low (18.2%)
degranulation type 2 mast cells was recorded, while
by its end (on the 14th day) and during the reparation
period on the 30th day, all mast cells were of type 1.
According to the amplitude of the indicators, during this
period (30 days), the main reparative regenerative pro-
cesses at the site of the surgical wound have biologically
active substancesically ended. It can be considered that
the drainage and anti-infective function of mast cells in
the inflammatory phase, which requires an increased and
rapid functional stress of these cells, has changed to a
reconstructive repair function in the remaining periods
of wound healing, which requires a strictly dosed and
qualitatively diverse other type of biologically active
substances, functionally different from those in inflam-
matory stage (Bayat et al., 2008, p. 34—41).

It should be noted that during these periods, granula-
tion tissue is formed in the area of the wound, its revas-
cularization, re-epithelialization and scarring which
require fine correction of stradiospecific and differenti-
ating tissue histogenesis in loose connective tissue by
immune factors, which will be the subject of our future
research. The functioning of mast cells at all stages of
the study of the wound process in the control occurred
in physiological dimensional parameters of 5.1-6.6 pm.
This also indicates that type 2 mast cells degranulation
was accompanied by additional adequate synthesis of
biologically active substances and their exocytosis with
preservation of all cytoskeletal structures.

The probable reasons for the detection of mast cells’
sizes on average 3.9 £ 0.60 um on the 14th day of obser-
vation will be discussed below.

®diroTepanis. Yaconuc

In the control group of animals during cytomor-
phometric studies, the exception is type 3 mast cells,
which occurred on the 1st day of the inflammatory reac-
tion after wounding, their size reached 10.2 £ 0.11 um
After complete degranulation and disorganization of the
cytoskeleton, they were probably subject to apoptosis.

Social stress, like its other variants, is a damaging
factor that, through the hypothalamic-pituitary-adre-
nal (adrenocorticotropic) axis, strains the regulation of
the functioning of both systemic structures (neuro-im-
mune-endocrine) and local regulatory ones, including
the mast cells (Bhuiyan et al., 2021, p. 2184-2197). Neg-
ative stress factors are manifested through hormone-like
mediators, for example, cortisol, various chemokines
and other humoral factors, primarily by changing the
migration orientation of the cells of the tissues of the
internal environment, which include Mast cells, and with
an increase in their dose-dependent effects, negative fac-
tors, in the future, appear modulation of the proliferative
activity of their precursors, up to apoptosis. From these
positions it is possible to explain the contrasting quan-
titative and functional shifts in the parameters of mast
cells in the group of experimental animals.

So, already in intact skin samples (before wound-
ing), a multiple increase in quantity of mast cells was
observed in the experimental group of animals, which,
on average, amounted to 9.47 + 0.23 per 0.01 mm?
and 0.95 + 0.03 per 0.01 mm? in the control (p<0.001)
(Makyeyeva et al., 2021, p. 34—41), a significant number
of which (36.4%) (fig. 2) belonged to the 2nd type, also
with a significant increase in size in on average up to
7.9 £ 0.08 um (fig. 4) probably due to compensatory
synthesis of biologically active substances and activa-
tion of mast cells in general.

If we take into account that mature mast cells do not
proliferate in loose connective tissues (Yukihiko et al.,
2006, pp. 387-405) then the multiple increase in the
number of mast cells after exposure to chronic social
stress before wounding can only be explained by their
migration from other organs, as well as the migration of
their precursors from the bone marrow. At the same time,
scientists consider the migratory redistribution of cells
between tissues under stress as an important component
of the stress stage of the general adaptation syndrome
according to Selye (Stefanski et al., 2003, p. 17-24).

Associated with general and regional disorders in
the body of experimental animals under the influence of
chronic social stress, the application of a surgical wound
is also a stress factor that together with the first one
additively negatively affected the entire course of the
reparative process. Thus, the maximum degranulation
according to type 3 up to the 7th day of observation with
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the phenomena of karyorrhexis, disorganization of the
form as morphological signs of the beginning of apopto-
sis testifies to the increased tension of the functioning of
the mast cells. At the same time, an excessive increase
in size to 24.1 £+ 3.54 um on the 3rd day of the experi-
ment probably occurred due to the disorganization of the
cytoskeleton.

During these observation periods (days 1-7) and in the
subsequent ones (days 14-30), the proportions of type 2
mast cells were recorded in an adequate percentage and,
for the most part, they were increased in size compared to
control values. This fact convincingly testifies to intense
synthesis of biologically active substances in mast cells. In
this regard, the decrease in the amount of mast cells from
their control values (Makyeyeva et al, 2021, p. 34-41) can
be explained by their increased consumption for the res-
toration of the loose connective tissues structure, that is,
with their increased utilization in the inflammatory and
proliferative phases of the wound process, which was
accompanied by stressful disorganization of migratory
and proliferative reactions. At the same time, a multiple
increase in mast cells on the 30th day after the surgical
wound (5.68 = 0.76 per 0.01 mm?), more than half of
which belonged to type 2, is probably already an evidence
of compensatory reparative reactions to the chronic pro-
longation of regenerative processes.

It can be considered that this increase in the functional
activity of mast cells occurred along with the stage of
resolution of the stress reaction of the general adaptation
syndrome of the body according to Selye. In the effect
of inhibition of mast cells’ migration at this stage, their
biologically active substances as well as cytokines of
their microcellular environment, primarily macrophages
and fibroblasts with their subsequent transforming forms
— myofibroblasts can also take part. Thus, it was found
that the mediator of mast cells protease4 (chymase) pro-
motes the recruitment of circulating leukocytes, including
mast cells and, probably, their precursors to the site of the
wound process (Gupta & Gupta, 2017, p. 103-251).

As a conclusion of this section, it can be considered
that chronic social stress disrupted the normal course
of the wound process, contributing to its chronicity,
in which cellular events characteristic of each stage
of reparative regeneration were cross-observed in the
wound healing process.

The formulated conclusion is confirmed by the data of
the analysis of the degranulation index (fig. 3). So, if in the
control the degranulation index had background values
(6.66 £ 0.11%), then in the inflammatory stage (1, 3 days)
its level was very high and medium (74.3 + 1.33% and
50.0 = 0.62%, respectively), but already at the beginning
at the proliferative stage (on the 7th day), the degranu-
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lation index was already minimal (18.2 + 0.25%), and
on the 14th day it was 0. This dynamics also confirms
our conclusion about the paradigm shift of cellular and
humoral processes in the wound, which we described
above: drainage prevailed and preparatory regeneration
processes in the inflammatory stage, and reconstructive,
remodulative processes prevailed in the proliferative one.

Continuing the analysis of the data, it should be
noted that in the experimental group the normal course
of the wound healing process was sharply disrupted,
which was already taking place under the influence of
stress damage to skin tissues, as evidenced by signifi-
cant levels of degranulation index (36.4 + 0.81) before
the wound was applied. Degranulation index, remain-
ing high throughout the experiment, makes it possible
to draw a convincing conclusion about the chronicity of
reparative processes in the experimental group.

This conclusion is also confirmed by the data of the
correlation analysis of the mast cells’ size and their belong-
ing to the degranulation type (table). So, in the control, the
relationship between these indicators was high, but neg-
ative or absent in its majority. And only on the first day
of the inflammatory process was highly positive. From
this dynamics it follows that normally in the experimen-
tal group, both physiological and reparative processes of
homeostasis occur mainly with the participation of type 1
mast cells, the consumption of which was continuously
replenished from the bone marrow by their predecessors.
And only stress loads on the recovery processes on the 1st day
of healing induced their degranulation activity, which ulti-
mately led to a high positive correlation coefficient.

Other values of correlation coefficient were between
the type of cells and their size in the experimental group
of animals. In contrast to controls, correlation coefficient
was mostly positive with a tendency to reach significance
(on days 1 and 7) or was high reaching functional values.
Therefore, the data of the correlation analysis once again
argue for the high intension of the mast cells, leading to
the prolongation of the recovery processes in the sur-
gical wound in the experimental group of animals. The
high synthetic activity of mast cells in the experiment
explains the failure to achieve the level of significance of
correlation coefficient on the above days of observation,
since the sizes of type 1 cells were high, leveling out the
desired dependence (7.5 + 0,56 um and 7.9 £ 0.87 pm on
the 1st and 14th days, respectively).

We have demonstrated the informativeness of the
cytomorphometric method of mast cells analysis by ana-
lyzing the amplitude values along the course of repara-
tive processes. Thus, regular amplitude dips in the size
of the mast cells were found at different stages of obser-
vation. In the control, we noted this decrease of mast
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cells at the beginning of the proliferative phase (4.4 +
0.19 pum), and an even greater decrease in the size of
mast cells was at its end — on day 14 to 3.9 £ 0.62 um. In
the experimental group, the beginning of the formation
of dimensional dips shifted to the inflammatory phase:
on the 3rd day for type 1 mast cells — 5.7 £ 0.43 pum, for
type 2 mast cells 7.5 + 0.17 um, and reached its maxi-
mum depth on the 7th day after surgery 4.5 + 0.51 and
3.1 £ 0.08 pm for mast cells type 1 and 2, respectively.
It is noteworthy that these cytomorphometric changes
in the control coincided with a decrease in degranulation
activity at the border between the phases of proliferation
and remodeling, and in the experiment — by the end of
the inflammatory phase and the beginning of the prolif-
erative phase. As we noted above, during these periods
of the wound process, there was a change in the func-
tional tasks of the mast cells and their cellular environ-
ment. In the literature available to us, we did not find
similar cytomorphometric studies of mast cells during
the wound process. In this regard, in the absence of other
comparative provisions, it is possible to logically explain
the detected cytomorphometric failures of mast cells at
these stages of the wound process only from the position
of migration of new postproliferative precursors from
the bone marrow into the wound area. These post-prolif-
erative cells have minimal size (3.1-3.5 pm), since they
are just beginning their synthetic activity and further dif-
ferentiation. Cytologists know that the stem cells of their
post-proliferative ool have a minimum size in the histo-
logical series equal to 3—5 microns (Hirofumi & Schnitt-
ger, 2010, p. 66—74). The reasons for the decrease in size
are that rapidly occurring successive mitoses (3—10 or
more times) the cytoplasm does not have time to recover
to its tissue level, which the cell reaches with further dif-
ferentiation. We have also documented this in a number

of publications. So, in recent publications, we analyzed
the dynamics of cytomorphometric parameters in the
blood of rats against the background of fecal peritoni-
tis (Frolov et al., 2021, p. 365-375). We found a sharp
decrease in peripheral blood recirculation of precisely
small classes of lymphocytes, which were deposited in
the lesions of mucous membranes.

Conclusion. Mast cells are a key regulatory factor in
the wound healing process. Degranulation of mast cells
for subsequent stimulation of inflammatory and repara-
tion processes by released biologically active substances
is an integral part of the compensatory-adaptive reac-
tion of tissues during the wound process. During nor-
mal wound healing, on the 1st day mast cells degranu-
late predominantly to type 3, in the acute inflammatory
period to type 2, and at the stages of proliferation and
remodeling, type 1 mast cells predominate.

Chronic social stress alters the dynamics and func-
tional activity of mast cells during surgical wound heal-
ing. The number of mast cells, their size and degree of
degranulation increases to type 3 during the 1st week
after trauma and to type 2 from the 7th to the 30th day.

Thus, the number and functional activity (degran-
ulation and size) of mast cells can serve as a marker
of the intensity of inflammatory and regenerative pro-
cesses, as well as the degree of repair efficiency in wound
remodeling.

Further fundamental research is needed on the reg-
ulatory properties of the mast cell secretome during
wound healing under conditions of the relevance of
social stress and the frequency of skin trauma for fur-
ther analysis of the molecular mechanisms of regener-
ative processes that ensure the completeness of tissue
remodeling through the search for appropriate phar-
macological agents.
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MAGNETOELECTROCHEMICAL THEORY OF METABOLISM AND LIFE:
WHAT IS IT, WHEN IS IT NEEDED AND WHAT TO EXPECT FROM IT FOR MEDICINE
AND REFLEXOLOGY (LITERATURE REVIEW)

Actuality. This review presents the ideas of the magnetoelectrochemical theory of metabolism and life as a new paradigm of views on
the fundamentals of the functioning of the human body at the nanolevel and deeper (<1nm). The authors justify the need to recognize the
latest knowledge for the further progress of medicine. The article describes the prospective significance of the magnetoelectrochemical
theory of metabolism for pharmacology, microbiology, internal medicine, psychiatry, surgery, and reflexology.

The aim of this study is to substantiate the paradigm-transforming value of the magnetoelectrochemical theory of metabolism and
life for medicine and reflexology.

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

Research results. The paradigm-transforming value of the magnetoelectrochemical theory of metabolism and life for reflexology
and medicine, in particular for pharmacology, microbiology, internal diseases, psychiatry, and surgery, was substantiated.
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Conclusion. The magnetoelectrochemical theory of metabolism and life is a concept of modern scientific knowledge with great
paradigm-transforming potential and important significance for fundamental medicine. It is a scientifically based basis for the further
development of medicine and its branches: quantum pharmacology, quantum microbiology, bioelectronic medicine, etc., and a
promising direction for the continuation of scientific research.

Key words: magnetoelectrochemical theory of metabolism, quantum pharmacotherapy, quantum microbiology, bioelectronic
medicine, traditional medicine, reflexology.
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Axmyansnicmo. 3aznavenuii 02110 npezenmye ioei MacHimoenekmpoximiunoi meopii memabonizmy i scumms AK HO80I napa-
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BUBHAHHS HOBIMHIX 3HAHb 3A05L NOOANLULO20 NPOSPeCcy MeOUYUuHu. Y cmammi uKAa0eno nepcnekmugHe 3Ha4eHHs MAeHimoe1eKmpo-
Ximiunoi meopii memabonizmy 0 ghapmarxonoeii, Mikpobionozii, 6HympiwHix xeopod, ncuxiampii, Xipypeii ma pegpnexcomepanii.
Mema 0ocniorncenns — 00IpyHNY8amu napaoueMaibHO-MpPaHcHOPMYSalIbHEe 3HAUCHH MASHIMOELeKMPOXiMiuHol meopii memabo-

MY U dfcummsi 0751 MeOUYuHY ma peghaekcomepanii.

Mamepian i memoou. [1i0 uac UKOHAHHA MEOPEMUUHO20 OOCTIOHNCEHHS BUKOPUCTIAHO 3A2ATbHOHAYKOGI Ul MeopemuyHi Memoou.
Pesynomamu 0ocniodycennsn. OOIpyHmosaHo napaoueMaibHO-mpanchHOpmMySaibHe 3HAYEHHS MASHIMOEeIeKMmpOXiMIuHOI meopii
Memabonizmy u socummsi 015 pehnexcomepanii ma MeOuyuHu, 30Kpema 0 hapmakonoeii, Mikpooionozii, HympiwHix Xopoo, Ncuxi-

ampii, Xipypeii.

Bucnosku. Maznimoenexmpoximiuna meopis Memabonizmy i Jcumms € KOHYenmom Cy4acHUx HAyKOGUX 3HAHb 13 6eNUKUM Napa-
OUSMATTLHO-MPAHCHOPMYBATLHUM NOMEHYIAIOM | 8A2OMUM 3HAYEHHAM 051 (PYHOAMEHMANbHOT MEOUYUHU, € HAYKOBO 0OIPYHMOBAHOIO
0a3010 0151 NOOANBLULO2O PO3BUMKY MeOuyuHUu ma ii po30inie. Keaumogoi apmaxonoeii, k6aHmosoi mMikpobionozii, bioerekmpoHHoi
MeOUYUHU MO0, NEPCREKMUBHUM HANPAMOM NPOOOBIHCEHHSL HAYKOBUX OOCTIONHCEHD.

Knrouogi cnosa: maznimoenekmpoximiuna meopis memaboniamy, K6anHmosa gapmaxomepanis, K6aHmosa mikpobionoeis, bioenex-

MPOHHA MeOUYUHa, mpaouyitina meouyuna, pegiekcomepanis.

Introduction. Medicine is a transdisciplinary
branch of science that develops based on the progress
of fundamental sciences. The last fifty years have seen
significant developments in physics. It was understood
that atoms at the nanoscale and deeper (<1 nm) are
conglomerates of electromagnetic fields, that all matter is
formed by energy and therefore has frequency and wave
characteristics simultaneously (Hiibsch, 2023; Filyunova,
et al., 2023; Nevoit, et al., 2023, pp. 49-66; Peacock,
2008; Nowak, 2017). The Standard Model of Particle
Physics was developed (Wells, 2020; Paganini, 2023;
Gaillard, et al., 1999; Chauhan, et al., 2007). Quantum
physics arose and received significant development.
Other quantum fields of science soon emerged: quantum
chemistry (Cao, et al., 2019; Gupta, 2016), bioelectronic
chemistry (Fang, et al., 2020), quantum biology (Marais,
et al., 2018; Boyko & Krasnogolovets, 2003; Gibney,
et al., 2021; Binhi & Rubin, 2022; Yamanouchi, 2016;
Kenneth, 2014.; Davies, 2004). Views on the structure
of matter have fundamentally changed and therefore
medicine must also change (Mintser, Potyazhenko, &
Nevoit, 2019; Mehra, 2021).

Now all sections of medicine can be expanded
and supplemented with a description of aspects of
the quantum level of processes (Sindhwani, & Chan,
2021; Gibney, et al, 2021; Nevoit, et al., 2023,
pp- 49-66). Now medicine operates with ideas at the
level of molecules and studies the chemical interactions
between them. Therefore, the electrochemical paradigm
of metabolism of substances in the human body is still
dominant among a large number of modern scientists.
However, the electrochemical paradigm of metabolism
in the human body is already fundamentally outdated.
This is so because chemistry is a secondary phenomenon
of electromagnetism and all chemical reactions are
determined by the energy state of atoms and their
quantum mechanical characteristics. Biomagnetism is an
integral fundamental component of biological processes
in living organisms (Malmivuo, & Plonsey, 1995;
Mintser, Potyazhenko, & Nevoit, 2019, p. 1117-1121).

®diroTepanis. Yaconuc

Biomagnetism predetermines metabolic processes,
regulates their course and simultaneous coordination
in the human body. That is why at the present stage of
development of science, the electrochemical paradigm
of metabolism of substances in the human body must
be changed to the magnetoelectrochemical paradigm of
metabolism of metabolism.

For the further development of medicine, in
2019, research work began on the biomedical
conceptualization of the magnetoelectrochemical theory
of metabolism and life of the human body (Mintser, et al.,
2020, p. 1279-1283; Mintser, Potyazhenko, & Nevoit,
2019,2021). This was a fragment of an initiative research
work on the topic and technologies for implementing a
Healthy Lifestyle in patients with Noncommunicable
Diseases (NCDs) based on the study of functional
status (state registration number 0121U108237: UDC
613 616-056-06: 616.1/9-03). This scientific research
is currently ongoing. Its final stage is the educational,
scientific, research project “Bioelectronic medicine or
look at medicine differently”. The implementation of
this fragment involves scientists from the Poltava State
Medical University (coordinator Prof. M. Potyazhenko),
scientists from the Shupyk National Healthcare
University of Ukraine (coordinator Prof. O. Mintser),
scientists from the Lithuanian University of Health
Sciences (coordinators Prof. I.A. Bumblyte and Prof.
A. Vainoras) according to the concluded memoranda
of scientific cooperation. Scientists from Bulgaria
(Prof. 1. Ignatov) and doctors of scholastic medicine
from Ukraine (Preventive Medicine Center of Genesis
Center LLC) and Lithuania also take the initiative. The
purpose of the project is to promote the development
of scientific ideas of quantum medicine/bioelectronic
medicine based on combining existing knowledge
of orthodox medicine and traditional medicine with
modern biophysical knowledge about the functioning
of the human body to solve the problem of NCDs, etc.
Therefore, the purpose of this scientific review is to
justify the feasibility of further development of the field
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of quantum medicine /bioelectronic medicine based on
the introduction of the magnetoelectrochemical theory of
metabolism and life into various branches of medicine.

Electromagnetic processes are the basis of
the phenomenon of life of the human body.
“Electromagnetism is the basis of life itself” (Hawking,
1995) and this is already an indisputable scientific fact
This is so because at the subatomic level, atoms are
formed by electromagnetic field patterns/energy (fig. 1)
(Nevoit, et al., 2023, p. 49-66).

"\ ORGANISM
¥ ORGAN SYSTEMS

ORGANELLS

MACROMOLECULES
o MOLECULES =
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ENERGY 0

- o

TRADITIONAL LEVELS

QUANTUM LEVELS

Fig. 1. Graphic representation of the structural
levels of organization of the human body, taking
into account modern fundamental biophysical
knowledge (Nevoit, et al., 2023, p. 49-66)

To date, work on the conceptualization of the
magnetoelectrochemical theory of metabolism (Mintser,
Potyazhenko, & Nevoit, 2021; Mintser, Potyazhenko,
& Nevoit, 2023) continues. The phenomenology of the
life of the human body is completely determined by
electromagnetic processes at all structural levels of its
hierarchical organization (fig. 2).
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Fig. 2. Participation of electromagnetic processes
in the implementation of the phenomenon of life
at all structural levels of the human body

At the nanoscale and deeper (<1nm), electromagnetic
energy in the form of field energy structures forms atoms
of matter (Figure 2) (Mintser, Potyazhenko, & Nevoit,
2021; Mintser, Potyazhenko, & Nevoit,2023). According
to modern scientific concepts, these electromagnetic
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field structures are classified into fermions and bosons.
The electromagnetic mechanisms of matter formation
are justified by the standard model of atomic structure
(Wells, 2020; Paganini, 2023; Gaillard, et al., 1999;
Chauhan et al., 2007) and the laws of quantum physics
(Hiibsch, 2023; Filyunova, et al., 2023; Nevoit, et al.,
2023, pp. 49-66; Peacock, 2008; Nowak, 2017).

At the atomic and molecular levels of the structure
of matter, electromagnetic energy determines all the
physical and chemical properties of atoms and molecules
throughout their participation in the metabolism of
substances in all processes on planet Earth and in the
human body. All chemical reactions are determined
by the electromagnetic parameters of atoms and
occur as a result of energy exchange. Chemistry is a
secondary phenomenon of electromagnetism (Mintser,
Potyazhenko, & Nevoit, 2021; Mintser, Potyazhenko, &
Nevoit, 2023).

At the same time, in living biological organisms,
electromagnetic energy makes biopolymers/chains of
molecules alive. This is so because the biopolymer in
vivo is in the environment of the electromagnetic field
of a living organism and constantly receives a flow of
electromagnetic energy (biochemical and informational
electromagnetic signaling) from other biopolymers
and through the liquid media of the body (for example,
through energy-intensive liquid crystalline water
structures (Nevoit, et al., 2022, p. 45-57), etc.). Placing
a biopolymer molecule in vitro conditions interrupts the
flow of this electromagnetic energy. This leads to the
loss of many qualitative properties that the biopolymer
had in a living organism, and it ceases to be in fact
“alive”. Electromagnetic energy determines not only the
structural organization of a substance, influencing the
formation of its molecular lattice, but in vivo it is also of
key importance in the formation of total electromagnetic
fields, which determine the morphogenesis of tissues and
the correct rapid occurrence of metabolic processes (for
example, protein folding, etc.) (Mintser, Potyazhenko, &
Nevoit, 2021; Mintser, Potyazhenko, & Nevoit, 2023).

The electromagnetic processes at the cellular level of
the human body structure are determined and manifested
by the processes of generating an electromagnetic field
by the membrane structures of cells (Nevoit, et al.,
2022, p. 22-34).

Essentially, from a physical point of view,
membranes can be considered as capacitors that
generate and accumulate electrical potential. The life of
a cell is completely determined by the electromagnetic
processes of its membrane structures: there are no
electromagnetic processes and there will be no life
(Mintser, Potyazhenko, & Nevoit, 2021; Mintser,
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Potyazhenko, & Nevoit, 2023). In vivo in a cell, a key
role in ensuring electromagnetic processes is assigned to
unique membrane structures mitochondria (San-Millan,
2023; Chen, et al., 2023). Electromagnetic processes
in the inner membrane of mitochondria provide tissue
respiration in the tricarboxylic acid cycle, which is a
key electromagnetochemical process in ensuring the
phenomenon of cell life. Mitochondrial membranes have
unique quantum mechanical features of their structure,
which allow them to participate in a large number of
fundamentally important metabolic processes, as well as
in electromagnetic signaling (Luis, et al., 2022; Mintser,
et al., 2022, p. 67-74; Hyatt, & Powers, 2021).
Electromagnetic processes are involved in the
functioning of deoxyribonucleic acid (DNA) molecules.
There is a scientific opinion that cell DNA molecules
accumulate biophotons and are the source of biophoton
emission. DNA has an information density that is 1-10°
higher than that of any technical solution known to
date. The high density of information in DNA leads
to the phenomenon of Bose-Einstein condensate and
causes the capture and storage of photons. The photon
energy accumulated in DNA ensures the stability of the
molecule. An electromagnetic coherent cellular biological
state is established in DNA in the form of a Bose-Einstein
condensate: photons of the same frequency and phase are
aligned with each other. It turns out that 97.98% of inactive
DNA is responsible for organizing 2.02% of genetically
expressed DNA. DNA also transmits genetic information
in the form of electromagnetic radiation — the emission
of biophotons. It has been proven that DNA generates
biophotons (Vodyanoy, et al., 2015), which carry genetic
information further in the cell. It has been established
that DNA molecules in a cell are the source of 75% of
biophotons (Yip, & Madl, 2006; Popp, 2005; Bischof,
2008; Nevoit, et al., 2023, p. 1-15). Thus, DNA transmits
information in the form of electromagnetic energy in
the form of biophotons into streams of electromagnetic
energy that arise on the membrane structures of the
cell during the processes of their depolarization and
repolarization. Thanks to this, the electromagnetic field
of the cell receives an information component specific to
it. The source of this information for the electromagnetic
field of a cell is biophoton signaling from its DNA
molecules. This is a very important fundamental aspect,
the study of which continues. Physicists have proven the
fact that information is converted into energy (Toybe,
et al., 2010) and have proven the equivalence of energy
and information (Szilard, 1929). At the same time, the
fact has been established that the design of DNA strands
corresponds to proven physical concepts as an energy
generator that carries information (Vodyanoy, et al., 2015).
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Frequency-wave processes and electromagnetic fields
of individual cells merge and form the total resulting
zones of electromagnetic fields of individual tissues,
and then the body as a whole. The functioning of organs
and organ systems is directly related and determined by
electromagnetochemical aspects. The electromagnetic
activity of organs has been sufficiently studied. Research
on the electromagnetic activity of the brain (Gross, 2019;
Rayi, & Murr, 2022; Soufineyestani, et al., 2020) and
heart (Castaldo, et al., 2019; Brisinda, et al., 2023; Her,
et al., 2023) has long been at the forefront of science.
This was due to their importance in ensuring the life
of the human body. Many scientific works have been
related to the electrical activity of the digestive organs
(Chen, etal., 1993; Ching, & Tan, 2012; Du, etal., 2018),
urinary excretion (Kinder, et al., 1998), striated muscles
(Kane & Oware, 2012), vision and hearing (Galldiks &
Haupt, 2008; Shimura, et al., 2023; Riischenschmidt, et
al., 2022). A large layer of scientific research has been
devoted to research into the electromagnetic properties
of skin (Birgersson, 2012; Yang et al., 2022; Zhang et al.,
2022). Today it is absolutely clear that from a biophysical
perspective, life is “a process of magnetoelectric
activation of biomolecules, which triggers and ensures
their biochemical activity and ensures structural
integrity in the collective interaction of molecules of
the whole organism (Mintser, Potyazhenko & Nevoit,
2021; Mintser, Potyazhenko, & Nevoit, 2023). Life can
be defined as “a mode of electromagnetic existence of
protein bodies”. Therefore, the phenomena of life and
health should now be described as a state of presence
of adequate (which ones will have to be specified in
the future) levels of the flow of magnetoelectric energy
processes between biomolecules. This is objectively
manifested at the macro level by the normal level of
metabolism, the functioning of tissues and organs of the
human body.

For a long time, the electromagnetic activity
of the central and peripheral nervous systems was
associated with the provision and regulation of all
motor and metabolic processes at the organismal level
of organization of the human body. The important
role of the nervous system in coordinating functional
activity and in the formation of functional connections
in the body is reflected in the doctrine of dermatomes,
sclerotomes, viscerotomes (Whitman, et al., 2024;
Kooloos & Vorstenbosch, 2013; Keynes, 2018; Sikdar
et al., 2023). However, there remain a number of
significant and fundamental aspects of the functioning
of the body that cannot be explained solely by the
role of the nervous system in them. For example, the
speed of nerve impulse transmission cannot ensure the
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existing rapid metabolic response and regulation of
many complex processes such as protein folding, etc.
The presence on the skin of a specific system of areas
of abnormally increased electrical conductivity, which
persists for some time even after the death of a person,
also cannot be explained from the standpoint of the
exclusive role of the nervous system in the regulation
of electromagnetic processes at the level of the entire
body. Thus, there is a large layer of unexplained facts
about the functioning of the human body, which require
continued study by fundamental science and medicine.
Extrapolation of the ideas of magnetoelectrochemical
theory to existing fundamental knowledge can solve
many complex problems and scientifically explain
previously unexplained phenomena.
Magnetoelectrochemical theory of metabolism
and pharmacology. Magnetoelectrochemical theory
changed ideas about the human body. Now it is clear
that according to the universal law of frequency-wave
dualism, each component of any hierarchical level
of the structure of the human body (atom, molecule,
biopolymer, cell, tissue, organ, organism) can be
described in the particle and wave model. Therefore,
in addition to mass and size, frequency-wave physical
parameters of the description are also characteristic
for each component of the body structure (Mintser,
Potyazhenko, & Nevoit, 2021; Mintser, Potyazhenko,
& Nevoit, 2023). Thus, everything has an oscillating
frequency in Hertz (Hz). And this is true not only for
the constituent components of the human body, but
also for pharmacological drugs. Each molecule of a
pharmacological drug at the subatomic level of structure
is a conglomerate of electromagnetic fields and can
be described in a wave model. Therefore, each atom
and molecule of a pharmacological agent has its own
characteristic frequency in Hz, and they form a unique
specific frequency for a particular pharmacological
drug. These new ideas are the basis for the further
development of quantum pharmacology and the study
of the features of quantum mechanical interaction of
pharmacological agents with cells of the human body.
The famous Ukrainian pharmacologist 1. Chekaman
wrote about the importance of the development of
quantum pharmacology back in 2010 (Chekman, 2010).
There is also the possibility of creating bioelectronic
drugs (Ganzer & Sharma, 2019). Quantum pharmacology
research continues (Gadanec et al., 2023).
Magnetoelectrochemical theory of metabolism
and microbiology. The adult human body consists of
an average of thirty trillion cells. Moreover, of all the
cells in the human body, only 43% are human cells
(Rackaityte, & Lynch, 2020; Ursell, et al., 2012). The
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remaining cells are foreign microorganisms that inhabit
the human body as mitobiota. The law of frequency-wave
duality is valid for all atoms. Therefore, microorganisms
also have their own characteristic frequencies in hertz.
The frequency characteristics of microorganisms have
already been partially studied (Sylver, 2011; Vértesi,
2004, 2010). This opens up new prospects for studying
the quantum mechanical and frequency characteristics
of microorganisms. Now a section of quantum
microbiology can be created as well. Knowledge of the
frequency parameters of microorganisms can facilitate
their diagnosis because it will be possible to use in
vivo radiofrequency diagnostic methods for this. 3nas
YaCTOTHBIE TapaMeTPhl MHKPOOPTaHU3MOB MOXKHO
MPOU3BOINTD UX YHHUUYTOXKEHHE i1 Vivo B TEJIe YeJloBeKa
MeToIoM Ouope3oHaHcHoro BozaercTus (Clark, 2011;
Filyunova, et al., 2023). This opens up new promising
ways for humanity to overcome bacterial resistance. An
important scientific aspect for microbiology is the study
of'the mechanisms of communication of microorganisms
with human cells and the role of electromagnetic
signaling processes in this.

Magnetoelectrochemical theory of metabolism
and internal diseases. The human body is a
complex single multi-level system that functions as
a single whole. The implementation of knowledge
of magnetoelectrochemical theory in the section
of internal diseases will provide a deeper study
and understanding of the issues of intercellular
electromagnetic communication. This will contribute
to the understanding of exactly how organs influence
each other by exchanging electromagnetic energy
flows through the nervous system, through the fascial
system and the role of biophotons in this (VanWijk,
2001; Popp et al., 1992; Niggli, 2014) and through
the primary vascular system/energy channel system
(Vodyanoy, et al., 2015; Suissa & Friedman, 2021) in
the concept of traditional medicine. This will allow us
to reach a qualitatively higher level of understanding of
the essence of the phenomenon of NCDs comorbidity.
The magnetoelectrochemical theory of metabolism and
understanding of the role of magnetoelectric processes
in the occurrence and progression of diseases of internal
organs is the basis for creating sections of the quantum
pathogenesis of disease for specific nosologies (Nevoit,
et al., 2023, p. 49-66).

This will solve the medical and social problem of
many NCDs, and primarily cardiovascular diseases
and oncology. For example, the new hypotheses we are
developing for the pathogenesis of hypertension are
associated with aspects of disruption of electromagnetic
biophotonic signaling at the level of the intercellular
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space as a result of excessive accumulation of metabolic
products and toxins. A new hypothesis for the occurrence
of cancer also includes a violation of electromagnetic
signaling between cells in the pathogenesis. As a result
of the absence or strong weakening of local biophoton
signaling from DNA, the influence of the biological field
from cells with normal DNA is weakened. As a result,
in the zone of weakening of the normal electromagnetic
signal, atypical cells begin to develop, creating their own
atypical electromagnetic field, etc. Today other scientists
are thinking in this direction (Levin, 2014, 2021).

The presence of appropriate equipment and
knowledge of the frequency parameters of molecules
of vitamins, microelements, hormones, proteins, fats,
carbohydrates, and physiological processes can allow
the doctor to conduct a quick non-invasive diagnosis in
vivo (Dorfler, 2002) during an objective examination of
the patient. The study of biophotons as a parameter of the
functional state of the human body and an indicator of the
level of tissue metabolism is also a promising (Nevoit,
et al. 2020, p. 107—-111). This will simplify and increase
the information content of the doctor’s diagnostic work.
Knowledge of the functioning frequencies of organ cells
is the basis for correcting their disorders using special
physiotherapeutic equipment (Brugemann, 1993; Adair,
2002.). This can be an important effective addition to
complex therapy for diseases of human internal organs.
There are studies on the effectiveness of frequency-wave
bioresonance effects on pathologies of human internal
organs (Dartsch & Heimes, 2022; Datta-Chaudhuri, et
al., 2021; Kanashiro, et al., 2018; Kirsever, et al., 2022).
Bioelectronic medicine is a promising direction in the
treatment of diseases of internal organs (Olofsson &
Tracey, 2017; Sevcencu, 2022; Singh, et al., 2022; Wild,
2003, 2009; Cherkasova, et al., 2021).

Magnetoelectrochemical theory of metabolism
and psychiatry. The electrical activity and magnetic
activity of the brain (Gross, 2019) are very well studied.
The mental state of a person is associated with the
generation of electromagnetic processes in the neurons
of his brain (Buzsaki, 2011; Buzsaki & Watson, 2012).
Therapeutic effects of frequencies on the brain are
already used as an official therapeutic method in many
countries (Basar & Bullock, 2012; Won, et al., 2020).
It is important that these methods can effectively treat
depression (Muresan, et al., 2021; Muresan, et al., 2022).

More complex issues for science are understanding
the mechanisms of the functions of higher nervous
activity in humans. It is anticipated that these issues will
be resolved by using the scientific apparatus of quantum
physics. The concepts of magnetoelectrochemical theory
can explain the existence of psychosomatic pathologies
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(Zhdan, et al., 2011), and this will contribute to the
search for new possibilities for their treatment.

Magnetoelectrochemical theory of metabolism
and surgery. Laser technologies are officially used
in surgery many countries (Wu, et al., 2022; Gunalan
& Mattos, 2023). However, knowledge of the
magnetoelectrochemical theory of metabolism can
be used for postoperative management of patients.
Using frequency wave treatment methods, tissue repair
processes in the surgical area can be accelerated and
the general metabolic condition of the patient can be
improved. All this can increase the survival rate of
patients after surgery. This is especially important during
major abdominal surgeries.

Frequency wave therapy methods can be used in
complex pain treatment (Arneja, A.S., et al., 2016;
Marcia & Saba, 2017; Abdulla, et al., 2019; Alzayed &
Alsaadi, 2020; Barassi, et all., 2020; Trofé et al., 2023).
This also increases the effectiveness of patient treatment
and is a practical confirmation of the validity of the
magnetoelectrochemical theory of metabolism and life.

Magnetoelectrochemical theory of metabolism and
reflexology. The ideas of the magnetoelectrochemical
theory of metabolism of substances in the human body
are of great importance for reflexology. The fact is that
the implementation of new biophysical knowledge
about electromagnetic cellular signaling expands
the understanding of the possibilities of intercellular
communication in the human body and can explain
from a scientific point of view the therapeutic effects of
traditional medicine (acupuncture, homeopathy, etc.).

At the beginning of the twentieth century, the
existence of a morphological substrate of the system
of energy channels/meridians of the human body was
finally proven, which was called the “Primary Vascular
System” (Vodyanoy, et al., 2015; Suissa & Friedman,
2021). However, the integration of this new knowledge
into modern science did not occur (Stefanov, 2022).
This can be explained by the existence of a scientific
gap between the knowledge of traditional medicine
and the knowledge of orthodox medicine. In modern
medical science, no medical-biological theory has not
been developed that can logically explain the existence
of energy meridians in the human body and fit this into
the existing paradigm of ideas about the functioning
of the human body. Now, thanks to the ideas of the
magnetoelectrochemical theory of metabolism, the
medical biological concept of biophotonic signaling
is being developed. This concept combines existing
medical knowledge and the ideas of traditional medicine
about the existence of energy channels in the human
body. Thanks to this, the scientific paradox regarding the
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acceptance of scientific data about the existence of the
primary vascular system in the bodies of humans and
mammals will be resolved. This is very important and
promising, since it will allow us to finally establish in
science another new anatomical and morphofunctional
system of the body — the energy system/primary vascular
system (Potyazhenko & Nevoit, 2019).

Discussion. The correctness of any theory is
justified by a large number of previous observations
and confirmed in practice. The magnetoelectrochemical
theory of metabolism and life is the sublimated result
of scientific research over the past 250 years since the
discovery of electricity and magnetism. Therefore, the
magnetoelectrochemical theory of metabolism and
life (Mintser, Potyazhenko, & Nevoit, 2021; Mintser,
Potyazhenko, & Nevoit, 2023) is the result of the
scientific work of many thousands of scientists over
several centuries, which has been generalized at the
present stage (Potyazhenko & Nevoit, 2019).

The magnetoelectrochemical theory of metabolism
and life was formulated as a result of extrapolation of
existing biophysical knowledge to medical knowledge
aboutthe structure and functioning ofthe humanbody. The
result of this was the formulation of postulates (Nevoit,
2021, p. 203-209, 229-233; Mintser, Potyazhenko, &
Nevoit, 2021; Mintser et al., 2022, p. 232-246; Mintser,
Potyazhenko, & Nevoit, 2023).

The magnetoelectrochemical theory of metabolism
and life has been confirmed in practice. It is consistent
with all magnetic and electrical processes known
to science in the human body. This theory does not
contradict the existing scientific paradigm of the
functioning of the human body, but only complements it,
enabling science to explain the inexplicable phenomena
of the functioning of the human body.

The monograph “Magnetoelectrochemical theory of
metabolism”, which was written by Ukrainian Scientists

O. Mintser, M. Potyazhenko, G. Nevoit (Mintser,
Potyazhenko, & Nevoit, 2021) received positive reviews
from famous scientists of Ukraine (Boyko, 2022; Gulyar,
2022; Kolbun, 2022).

The practical significance and value of the
magnetoelectrochemical theory of metabolism lies in the
fact that it is a modern fundamental basis for the further
progress of medicine and scientific research in many
areas of medicine. It explains the behavior and chemical
activity of molecules in vivo, which differs in fact from
their activity in vitro. It explains the behavior of each
cell in the human body and how each cell knows how it
should develop, as well as the consistency and coherence
of the simultaneous occurrence of a large number of
chemical reactions and metabolic processes in the body.
Therefore, the time has come to change the paradigm
of thinking of doctors to the magnetoelectrochemical
theory of metabolism and life.

Conclusion. 1. The magnetoelectrochemical theory
of metabolism and life is a concept of modern scientific
knowledge with great paradigm-transforming potential
and important significance for fundamental medicine.

2. The magnetoelectrochemical theory of metabolism
is a scientifically based basis for the further development
of medicine and its branches: quantum pharmacology,
quantum microbiology, bioelectronic medicine, etc.

3.The magnetoelectrochemical theory of metabolism
is a new promising direction for continued scientific
research.

Research work towards using the ideas of
magnetoelectrochemical theory in the field of scientific
research continues. In our opinion, one of the
promising areas of the magnetoelectrochemical theory
of metabolism is research into the biophotonics of the
human body and the role of biophotons in intercellular
communication in health and in pathology of internal
organs.
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3 PAHHBLO2O OUMAYO0RO GIKY. Y cyuachux ymosax ¢hopmysanhs 30p08oeo aHanizamopa 6 OUms4omy 8iyi nio 6NAUBOM 3POCMAIOU020 3d
MPUSANICMIO [ CKILAOHICMIO 06C52Y 30P0B020 HABAHMAIICEHHSL 3DOCMAE 3HAYEHHSL 30€PedNCeHH s 300P08020 30PY 3 OUMUHCINGA SIK 3aN0-
PYKU 2APMOHIIIHO20 (POPMYBAHHS 0COOUCMOCIE 8 MAUOYMHbOMY.

Mema oocnidxcenna — 3’CY8aHHA HAABHOCMI BNIUBY OIACHOCTNOBAHUX X80PO6O OKA MaA 1020 NPUOAMKOBO20 anapamy Ha AKiCb
orcumms Oimetl pizHoeo 6iky. Mamepian i memoou. Mamepianamu 0715 00CHiONHCeH s OYu pe3yIbImamu 02150y ma AHKemu COYioN0cIUHO20
Odocnioxcenns 1 378 pecnonoenmie (788 3 ocnosnoi epynu ma 590 — i3 konmponvhoi). Memoou 00cnioxceHts: MeouKo-cmamucmuyHul,
KOHmMeHm-ananis, coyionoziune onumysanns, epagpiune mooenosanus. Meouko-cmamucmuynuil 6K04as po3paxyHoK cepeOHboKeaopa-
MUYHO2O GIOXUNIEHHS (0-CUeMU) A CMAHOAPMU30BAHUX 3HAYEHb KOMIOHEHMIE OYIHKU SIKOCII JHCUMMISL, 32I0HO 3 IHCMPYKYIAMU ONpayio-
6aHHs pe3ynbmamie cmanoapmuzosaro2o onunyeanrviuka CVEQ, saxuil 6y eubpanuil iHcmpymenmom 07t COYION02IYHO20 QOCTIONHCEHHSL.

Pesynomamu docniodycenns. J[oged0eno HAs6HICMb He2AMUBHO20 BNIUEY X8OPOH OKA MA 1020 NPUOAMKOBO20 Anapamy Ha Gopmy-
BAHHS 3A2AILHOT OYIHKU, a MAKOIC OCHOBHUX KOMNOHEHMIE SKOCMI HCumms y Oumsiuomy 8iyi (Ha niocmagi nonepeonvoi demanizayii it
OCHOBHUX wecmu cyowxan). Hesanexcno 6i0 6iKy Oumunu 3a Haa6HOCMI y Hei opmanvmonociunoi namonozii bamvku umyuieHi npu-
OLnsimu 000amKo8ULl uac mypoomi npo 3ip OUMUHU, UKOHYIOUU NPUSHAYEHHS IKAPsl, WO HEPIOKO NPU3B00UmMb 00 CYNEPEYOK V POOUHL.
Busieneno spocmanis HeeamusHo2o NU8Y HASIGHOCMI X60POO OKA Ma 11020 NPUOAMKOB020 anapamy 3i 3p0CMAaHHsIM GiKy Oimell.

Bucnosok. Yemarnosnero, wo Hasguicms opmanbmonr02iuHoi namonozii' y ¢iyi 00 mpvox poxie na 15,8% 3nuoicye akicmo scummsi
dimei, a 'y eiyi cmapuie mpvox pokie — na 24,1%. Ocobauso 3Hauumo oghmanbmMono2iuna NAmon02is NOCUNIOE He2amueHUll 6NIUG HA
hopmysanns emikb Y OUmMALOMY Giyi, BOHA MAKOIC 3HUINICYE AKICIb dHcummisi Oimell 3a PaAXyHOK GNIUBY HA (YOPMYBAHHI 0COOUCOCT.

Kniouogi cnosa: sikicmos scummsi, oimu, opmanisMoni02iuHa namoiois.
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STUDY OF CHANGES IN THE QUALITY OF LIFE IN CHILDREN UNDER THE INFLUENCE
OF OPHTHALMOLOGICAL PATHOLOGY

Actuality. The increase in the prevalence of ophthalmic pathology, in particular among the children's population, against the
background of a significant spread of risk factors for the occurrence of vision disorders with the subsequent formation of ophthalmic
pathology, including those associated with the intensity of the educational process, with elements of distance learning. At the same
time, the completeness of the formation of visual images from childhood has a proven effect on the physical and psycho-emotional
development of children, starting from early childhood. In modern conditions, the formation of the visual analyzer in childhood under
the influence of the increasing duration and complexity of the amount of visual load, the importance of preserving healthy vision from
childhood is increasing, as a key to the harmonious formation of the personality in the future.

The purpose of the study was to find out the impact of diagnosed diseases of the eye and its accessory apparatus on the quality of
life of children of different ages. Material and methods. The materials for the study were the results of a survey and questionnaires of a
sociological survey of 1,378 respondents (788 from the main group and 590 from the control group). Research methods were.: medical
and statistical, content analysis, sociological survey, graphic modeling. Medical statistics included the calculation of the mean square
deviation (o - sigma) and the standardized values of the components of the quality of life assessment, according to the instructions for
processing the results of the standardized questionnaire CVFQ, which was chosen as a tool for sociological research. According to the
Results of the study, it was proved that there is a negative impact of diseases of the eye and its accessory apparatus on the formation of
the general assessment, as well as the main components of the quality of life in childhood (based on the preliminary detailing of its main
six subscales). Regardless of the child's age, if he has an ophthalmological pathology, parents are forced to devote additional time to
caring for the child's vision, fulfilling the doctor's appointment, which often leads to disputes in the family. An increase in the negative
impact of the presence of diseases of the eye and its accessory apparatus with increasing age of children was revealed.

Conclusion. It was established that the presence of ophthalmic pathology reduces the quality of life of children under the age of 3
years by 15.8%, and by 24.1% at the age of over 3 years. Ophthalmological pathology has a particularly significant negative impact
on the formation of skills in childhood, it also reduces the quality of life of children due to the impact on the formation of personality.

Key words: quality of life, children, ophthalmic pathology.

Beryn.  AkrtyanbHicTb. 30epexeHHs  310pOB’S
HACEJICHHS, 30KpeMa JiTeH, 3aJINIIA€ThCS BITYU3HIHIM
MPIOPUTETOM PO3BHTKY OXOPOHHU 3/I0POB’S, OCKLIBKH
3JI0OPOB’ST TPUHACIIHIX TIOKOJiHb JacTh 3MOTy 30e-
perTu ykpaiHCbKy Halliio y MaiOyTHeomy (Antipkin,
Volosovets, Lapshin, Marushko, Dudina, 2020,
pp- 399-408; Peresypkina, 2020, pp. 2261-2264).

Jns rapMOHIHOTO pO3BUTKY TUTHHH Ba)KJIMBHUM
€ 3JI0pOB’sl BCIX OpTaHiB 1 cUCTEM, ajie 0COOIMBE Miclie
cepesl HUX Mae 30poBuit anamizarop. [lopymenas GyHK-
1iit 30py B AUTAYOMY Billl MalOTh JOBEACHHH HEraTHB-
HUW BIUIMB Ha (I3WYHUN PO3BHUTOK, TICHXOEMOIIHHY
cthepy Ta MOXKIMBOCTI collianizaiii TMTHHA Ha Pi3HUX
eTamax OCBITHBOTO TIPOIECY, BKIIOUAIOYH CATOUYOK,
LIKOJIY, CEpeHIO CIeliaabHy Ta BUILy ocBiTy (Afarid,
Molavi, Mahdaviazad, Alamolhoda, Farahangiz, 2020,
pp. 4710328; Augestad, Jiang, 2015, pp. 167-182;
Budisavljevic, Arnarsson, Hamrik, Roberts, Godeau,
Molcho, et al., 2020, pp. 9-11; Evans, Morjaria, Powell,
2018, pp. 5029; Levinson, Kohl, Baltag, Ross, 2019,
pp. €0212603; Metwally, El-Sonbaty, El Etreby, Salah,
Abdel, Hussien, Hassanin, Monir, 2020, pp. 393—40;
Xulu-Kasaba, Kalinda, 2022, pp. 34).

BomHouac, 3a TPOTHO3HWMH OIIHKAMHM, IIOIIH-
PEHICTh XBOpOO OKa Ta HOro MPUAATKOBOIO amapary
MIPOIOBXKNTE 3pocTatH. Cepen IUTAIOrO HACEICHHS
nepeayciM 3pocTae MOMIMPEHICTh aHoMalliid pedpakiii
(miomii, acTUTMaTU3My, TiIEPMETPOIIii), HECBOEYaCHA
JUIATHOCTUKA 1 KOPEKIlisl SIKUX MOXKE IMPHU3BOJIUTH [0
amOJTionii Ta IHIIMX YCKIAJIHEHb Iporecy GopMyBaHHS

= 64
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30pOBOT0 CIPUHHATTS JUTHHOK OTOYYIOUOTO CBITY
(GBD 2019, 2020, pp. 30489-7; Kanclerz, Przewlocka,
2019, pp. 468—71; Lofstedt, Garcia-Moya, Corell,
Paniagua, Samdal, Vilimaa, et al., 2020, pp. S59-69;
Pirindhavellie, Yong, Mashige, Naidoo, Chan, 2023,
pp. 1575; Sakkalou, Sakki, O'reilly, Salt, Dale, 2018,
pp. 290-298).

AKTyaJbHOCTI HaOyBarOTh HAyKOBI JOCIiKCHHS
KOMITOHEHTIB SIKOCTI KUTTS JITEH, X 3MIH 1] BIZTUBOM
MOSIBH  JTIaTHOCTOBAHOT 0()TaIbMOJIOTIYHOI TATOJIOTI ]
(Bathelt, de Haan, Dale, 2019, pp. 154-162; Elsman, Al
Baaj, van Rens, Sijbrandi, van den Broek, van der Aa,
Schakel, Heymans, de Vries, Vervloed, Steenbergen, van
Nispen, 2019, pp. 512-557; Elsman, Koel, van Nispen,
van Rens, 2021, pp. 14; Tadi¢, Cooper, Cumberland,
Lewando-Hundt, Rahi, 2016, pp. e0146225).

MeTa gocJ1iizkeHHS — 3’ ICyBaHHS HASIBHOCTI BIUTUBY
JIIarHOCTOBaHKUX XBOPOO OKa Ta HOTO MPUAATKOBOTO aria-
paty Ha SIKICTb XKUTTS AiTell pi3HOIO BIKY.

Marepianu Ta Metonm aochaimkennsi. Jlns gocsr-
HCHHsI TTOCTABJICHOI Y JOCIIKEHHI METH OyJ0 CIUIaHO-
BaHO OOCTEXKEHHsI Ta COLIOJIOTIYHE JOCITIDKEHHS Cepes
JITel pi3HUX BIKOBUX TPy (IO TpboX pokiB — 640 ocil;
cTapire TphoX pokiB — 738 ocib, yceoro 1 378 oci0).
[HCTpYMEHTOM /ISl COLIOJIOTIYHOTO JOCIiIKEHHS OyIo
BHOpaHO cTaHmapTH3oBaHWU onmrtyBanbHUK Children’s
Visual Function Questionnaire (CVFQ) (5), meTomuka
SIKOTO TIepe10auae 3aroBHEHHS aHKET OaThbKaMH a0o OITi-
KyHaM{ JUTUHH 3 TOJUIOM Ha JBi TPYIH PECIIOHICHTIB
3a BIKOM JITEH: IO TPbOX POKIB (ONMUTYBAJIHHUK MICTHB
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35 myHKTIB); cTapiie Tppox pokiB (40 MyHKTIB 3aMUTaHb
B ONUTYBaJbHUKY). BifOip pEecmoHIEHTIB IS y4acTi
B HAyKOBOMY JIOCITI/DKEHHI TependadaB YCHY J100po-
BUJIbHY 3TOJly Ta YMOBH ITOBHOT aHOHIMHOCTI YYaCHHKIB
COIioNIOTiYHOTO OonuTyBaHHA. Kputepismu Binbopy pec-
MOH/ICHTIB JI0 OCHOBHOI TPYIH COIIOJIOTIYHOTO JIOCHTi-
JokeHHs (788 pecrioHzieHTiB, i3 HuX 380 manm mitei 1o
TPBOX poKiB Ta 408 — fiTeil cTapiie TPbOX POKIB) CTAJIH:
HAsBHICTh Yy AWTHHH KIHIYHO IiATBEP/UKCHOrO Jia-
THO3y O(TaIBMOJIOTIYHOTO 3aXBOPIOBAHHS, YCTAHOBIIE-
HOTO BIIEpIIe OLIBIIE HIK TPU MICAI TOMY; BiACYTHICTb
y IOUTHHUA HEKOMIICHCOBAHOTO OYyIb-SIKOTO CYITyTHBOTO
XPOHIYHOTO ~ HEO(PTAIBMOIOTIYHOTO  3aXBOPIOBAHHS.
JlonaTkoBUM KpHUTEpIEM BKIIOUEHHsS OyB Iicisornepa-
[IHUH TIepiojl MEHINe TPhOX MICAIIB BiJl MOMEHTY TpO-
BEJICHHS JIUTHHI OIIEPATUBHOTO BTPYYAaHHS 3 IPUBOLY
XBOpOO OKa Ta HOro nMpuaaTkoBoro amnapary. KoHTpoisHy
rpyny ¢dopmysaiu 590 pecrionaenTiB (260 mamu mitei
JI0 TPHOX POKiB, 330 — cTapie TpboX POKIB), sIKi 3BEpTa-
JIUCS IO METUYHKX 3aKJIaiB 13 MPOPIIAKTHYHOK METOO
3a BiJICYTHOCTI AIarHOCTOBAHHUX PO3NaaiB (PYHKIIH 30py
Ta Oy/Ib-IKUX 0()TaIBMOJIOTIYHIX 3aXBOPIOBAHb, & TAKOX
IHIITMX HEKOMITEHCOBAHUX XPOHIYHUX XBOPOO.

Takox y TOCHIDKEHHI BUBYAIHCS PE3yJabTaTH 00’ €K-
THUBHOTO JAOCIHI/PKCHHS CTaHy 30pOBHUX (DyHKIIIH y miTeH,
Cy0’€KTHBHI KOMIIOHCHTH BIUIMBY 3aXBOPIOBAHHS Ha
SKICTh XHUTTS, (i3UUHY, COLiaIbHy AKTHBHICTH, €MO-
LiAHY pIBHOBAary, CIPOMOXHICTh TUTHHU 0 CIUIKY-
BaHHS 3 OJIHOJITKAMHM, Colliamizaiiro, HaBuaHHs. Dop-
MYBaHHIO OCHOBHO{ 1 KOHTpPOJBHOI TPyl MeperyBain
PO3paxyHKH pPENpe3eHTaTUBHOCTI HEOOXiHOT 4YhCelb-
HOCTI iX pecroHIeHTIB. TakokK pe3ynbTaTH OIHUTYBAHHS
BKJIIOYQJIM CTATHCTHYHI PO3PaxyHKH CTaH/IapTH30BaHUX
3HAUeHb Ta CEPEIHHOTO KBAJPATHYHOTO BiIXUIICHHS

(o-curmm), sik 1 mependavana mporenypa CTaHAapTH-
3oBaHoro onmrtyBanbHUKa Children’s Visual Function
Questionnaire (CVFQ). MeTtonamu q0CIiIKSHHSI CTaJIH:
COLIOJOTIYHAH, MEINKO-CTATUCTHYHNN, KOHTCHT-aHa-
i3y, TpadiqHOr0 MOJICITIOBaHHS.

Pe3ysnbTraTn gociigxeHHsi Ta iX 0OroBOpeHHsI.
MenuKko-CTaTUCTUYHHIA aHai3, IPOBEJICHUH 32 pe3yib-
TaramMd COLIOJOTIYHOTO JIOCHI/DKEHHS, BHUSBHUB, IO
MEPeBaXHy OiIBIIICTh OMUTAHUX CTAHOBWIIM JKiHKH
(1 020 oci6, ado 74,02 + 1,53%). CepenHiii Bik pec-
MOH/ACHTIB 0aThKIiB AiTEH IO TPHOX POKIB SIK B OCHOBHIN
(30,8 + 3,8 poky), Tak i B KOHTpOJBHIH (29,2 £ 3,02 poky)
rpyni OyB MONOAIINM TOPIBHSHO 3 TPYHOIO JiTCH
cTapiie TPbOX POKIB, CepeHiil Bik OaThbKiB SKHUX CTa-
HOBHUB 36,8 + 3,8 poky B ocHOBHill Ta 32,9 + 3,1 poky
B KOHTPOJIBHIH rpymax.

Po3noxin miTeii 3a ctaTTio B 000X BiKOBUX TpyIax
(1o TPHOX POKIB Ta CTApIlIe TPHOX POKIB) K B OCHOBHIMH,
Tak 1 B KOHTpOJBHIH rpymi OyB piBHOMipHEM (50,0%
xytonuurkiB Ta 50,0% JiBYaTOK) 13 HE3HAUHUMH KOJIMBaH-
HsaMmU (Tabm. 1).

CepenHiii BiK JiTeld HA MOMEHT TPOBEICHHS COIiO-
JIOTIYHOTO ONMUTYBAHHS B TPYHi O TPHOX POKIiB CTaHO-
BuB 2,02 £ 0,29 poky B ocHOBHil Ta 1,9 = 0,53 poky
B KOHTponbHIH. CepenHii BiK AiTeH y BiKOBiH rpymi
CTapIe TPhOX POKiB cTaHOBUB 8,3 + 3,0 poKy B OCHOB-
Hili Ta 8,5 + 3,5 poKy B KOHTPOJIbHIHN TpyIIi.

Cepen xBOpoO OKa Ta HOTO MPUAATKOBOTO arapary,
JiarHo3u SIKUX OyJM BCTAHOBIICHI JiTAM BIKOBOi TpyIH
JI0 TPHOX POKIB, HAHOIIBINY TMTOMY Bary Malid: MiOMis
(31,1 £ 3,20%); xocookicTh (23,3 £ 2,90%); rimepme-
Tporist (22,9 + 2,81%); 1akpioMUCTUT HOBOHAPOIKCHUX
(7,40 + 1,87%); acturmarusm (5,6 + 1,63%); ambsioris
(2,6 = 1,17%).

Ta6mmis 1

Po3noais pecrioH1eHTiB 3a pe3y/ibTaTaMM ONUTYBAHHSA 3 BUKOPUCTAHHAM a/1aniTOBaHoI Bepcil
The Children's Visual Function Questionnaire (CVFQ)

O3Hnaka OcHoOBHa rpyna KonrpoabHa rpyna
abc. | abc. | Y%
Barbku giteit y Bini 10 3— X poKiB
Crars: 98 2584336 67 25,88 + 5,92
— YOJIOBIKH
— KiHKH 282 742 +3.36 193 742 + 5,92
Crarb quriHm: 188 49,47 £ 3,48 139 53,46+ 6,44
— XJIOIMYUK
— niBumMHKA 192 50,53 + 3,48 121 46,54 + 6,44
Barbku miteil y Bili crapiue 3— X pokiB
Crars: 107 26,23 +2,0 86 26,06 + 3,51
— Y0JIOBIKH
— KIiHKH 301 73,77 £2,0 244 73,94 £3,51
Crarb murism: 202 49,51 £2,42 170 51,52 + 4,38
— XJIOMMYUK
— JIiBYMHKA 206 50,49 +£2,42 160 48,48 + 4,38

®diroTepanis. Yaconuc
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Y rpyni mited crapiie TpPhOX POKIB HavacTime
Oymno miarHoctoBano: miomiro (41,2 + 2,39%); xocoo-
kicth (20,9 + 1,95%); rinepmerpomito (14,0 + 1,68%);
acturmarusm (9,7 £ 1,15%); ambumiomnito (5,6 £ 1,02%);
xanszioH (1,9 £+ 0,73%); makpiomuctut (0,8 £ 0,46%).
[TopiBHSAIBHMN aHAJI3 CTPYKTYPH BHUSBICHOT O(Talib-
MOJIOTIYHO]I MAaTOoNOTii y IMX ABOX BIKOBHX Ipymax JIiTei
BUSIBUB CYTTE€BE MEPEBAKAHHS MUTOMOI BarW Miorii Ta
MOMIpHE MepeBaKaHHs MUTOMOT Baru amOIIionii, acTur-
MaTH3My cepel JiTel crapmioi BikoBoi rpymu. Hato-
MICTh MUTOMA Bara JaKpiOIMCTHUTIB, TiMepMeTporii Ta
KOCOOKOCTI MepeBaXkaa y IrpyIi JiTel 10 TPhOX POKIB.

PesynsraTi BUBYEHHST KOMIIOHEHTIB SIKOCTI JKHTTS
JUTEH pIZHOTO BIKY 3a HAsSBHOCTI O(TaIbMOIOTiYHOT
naronorii Ta 6e3 Hel mpoxeMoHCTpyBanu Take. Hass-
HICTh O(TAJIBMOJIOTIYHOT MATONOril Ma€e HEraTUBHHM
BIUIUB Ha SIKICTh XHTTS SIK Y JiTeH 10 TPHOX POKIB, TaK
1y BIKOBI rpymi JiTei ctapiie Tppox pokiB (Tadi. 2, 3).

30KkpemMa, po3paxyHOK CTaHAAPTH30BaHMX 3HAYCHb
3a cyOIIKaJaMH SIKOCTI JKUTTS Y JIiTed 70 TPhOX POKIB
JIEMOHCTPYBaB IOPiBHIHO BUPAXKCHIIINI BIUTUB caMe 32
XapaKTEePUCTUKAMHU 3arajlbHOi CaMOOIIIHKH CTaHy 30pY
(0,55 + 0,17 B ocHoBHi# rpyni mpotu 0,89 = 0,13 y xon-
TPOJIBHIH) Ta CAMOCIPUHHATTS 3arajlbHOTO CTaHy 3/10-
pos’s (0,57 £ 0,18 B ocHoBHi# rpymi npotu 0,84 + 0,18
y KOHTPOITBHIH), 8 TAKOXK 32 CyOIIKAIOI B3a€EMOBILIHBY
Ha cim’io (0,51 + 0,17 B ocHOBHilf Tpymi npoTH

0,77 £ 0,2 y KOHTPOJBHIN) Ta Yepe3 OOMEKEHHs, SKi
BUHHUKAIOTh YHACIIOK JIIKYBaHHS Ta/a00 MpPU3HAYCHOI
kopexkuii (0,69 + 0,18 B ocHOBHii1 rpyni mpotu 1,0 + 0
y KOHTPOJIbHIH TPyIIi 38 BIICYTHOCTI 0P TaTBEMOJIOTTUHOT
MaToJIOTii Ta JIiKyBaNbHUX MPHU3HAYCHD 13 MPUBOIY HE)
(Tabm. 2).

VY cymi 3a BciMa mricTeMa cyOurkanamu (hopMyBaHHS
CKJIAJTHHKIB SIKOCT1 YKHUTTS AUTHHU 10 TPHOX POKIB HasB-
HICTb 0(TaTILMOJIOTIYHO] TATOJNIOT11 NPOSIBIISE CBiif Hera-
TUBHUH BIUIMB, 3yMOBITIOI0UM Ha 15,8% MeH1Ie cymapHe
3Ha4yeHHs 11 CKIaaHuKiB. Tak, 3arajpHa OIliHKA SKOCTI
JKUTTS B OCHOBHIH rpyi — 0,64 + 0,09 nmpotu 0,76 + 0,12
y KOHTPOJIBHIN TPpyHi AiTel 10 TPhOX POKIB.

Po3paxyHOK cTaHIApTH30BaHUX 3HAYCHH OCHOBHHX
cyOmkan GopMyBaHHS OI[IHKH SIKOCT1 )KUTTSI AITEH y BiKO-
Bilf rpymi cTapiie TPbhOoX POKiB (Tabl. 3) BUSBUB CyTTE-
BUIl HETaTWBHUH BIUIMB MPAaKTHYHO 32 BCiMa CyOIIKa-
JIAMH: «3arajibHa caMOOIliHKa cTtaHy 30py» (0,58 + 0,15
B OCHOBHIi rpymi npotu 0,82 + 0,13 y KOHTpOIbHiil);
«CaMOCHPUHHATTS ~ 3arajJbHOTO  CTaHy  3I0pOB’s»
(0,58 £ 0,21 B ocHoBHiii rpymni mpotu 0,79 + 0,22 y K0oH-
TpousbHii); «yminas» (0,60 = 0,16 B ocHOBHIN TpyIi
npotu 0,76 + 0,21 y KOHTPOJBHIN); «CTaH OCOOMCTOCTI»
(0,69 + 0,12 B ocHoBHi# rpymi npotu 0,80 £ 0,13 y KOH-
TposbHiH); «yminas» (0,60 = 0,16 B ocHOBHiH Tpymi
npotu 0,76 £ 0,21 y KOHTPOJIBbHIN); «B3aEMOBIUINB Ha
cim’ro» (0,62 + 0,15 B ocHoBHiii rpyni npotu 0,80 + 0,23

Tabnuns 2

Pe3yabraTi onuTyBaHHS 32 21aITOBAHOIO BEPCi€I0 CTAHAAPTH30BAHOI0 ONUTYBAJIbLHUKA
The Children's Visual Function Questionnaire (1iTu 10 TpHOX poKiB)

KonrtpoabHa rpyna OcHOBHa rpyna
Osunaka Cranpapru-30Bane | Curma Cranaapru- Curma
3HAYEHHS ©) 30BaHe 3HAYEHHS ©)
Cy6mkana «CaMOCTIPUIHSATTS 3aTajbHOTO CTaHy 370POB’sD» 0,84 0,18 0,57 0,18
Cybuikana «3arajibHa cCaMOOIL[IHKA CTaHy 30py» 0,89 0,13 0,55 0,17
CyOmkana « YMiHHS» 0,96 0,08 0,82 0,17
Cy6mkana «CtaH 0cOOMCTOCTI» 0,80 0,11 0,72 0,13
Cyb6ikana «B3aeMOBIUINB Ha CiM 10» 0,77 0,2 0,51 0,17
Cyormkana « OOMeXeHHsI BHACIIOK JTiKyBaHHS 1,0 0 0,69 0,18
Tabnuus 3

Pe3yabraTn ONUTYBAHHS 32 2/IaNITOBAHOK) BEPCI€I0 CTAHIAPTU30BAHOI0 ONMMMTYBAJIbHUKA
The Children's Visual Function Questionnaire (BikoBa rpymna aireii crapiie TpboX pokiB)

KonTpoJsbHa rpyna OcHoBHa rpyna
Osnaka Cranjapru- Curma Cranjgapru- Curma
30BaHe 3HAYCHHS (©) 30BaHe 3HAYCHHSI ©)
Cy6mxana «CaMOCHPHHHSTTS 3araJIbHOTO CTaHy 370POB’sD» 0,79 0,22 0,58 0,21
CyOmkana «3araqpHa CaMOOIIIHKA CTaHy 30py» 0,82 0,13 0,58 0,15
CyO0ikana « YMiHH 0,76 0,21 0,60 0,16
Cy6mrkana «CtaH 0COOHCTOCTI» 0,80 0,13 0,69 0,12
Cyomikana «B3aeMOBILIHB Ha CiM’10» 0,80 0,23 0,62 0,15
Cy6mkana «OOMeKeHHS BHACTIIOK JTIKYBaHHS 0,99 0,14 0,70 0,20
= 66 ®itorepanis. Yaconuc Ne 2, 2024
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Yy KOHTPOJIBHI); «OOMEXEHHS BHACHIJIOK JIKyBaHHS
(0,70 +£ 0,20 B ocHoOBHi#t rpymi mpotu 0,99 + 0,14 y KOH-
TPOJIBHIH).

VY miJIcyMKOBIM OIIHII BHSIBJICHI TEHICHIT MPOsSBU-
JIUCS 3MEHIIICHHSAM CyMapHOTO 3HAYEHHsI OIIHKU CTaH-
JNapTU30BAHUX TOKA3HUKIB CKIATHHUKIB SIKOCTI JKHATTS
B IpyIi AiTei crapire Tpbox pokis Ha 24,1% (0,63 + 0,09
B ocHOBHi# rpymi npotu 0,83 + 0,07 y KOHTPOJIBHIN).
OTtpuMaHi pe3yabTaTH JJal0Th 3MOTY BHCJIOBUTH TiIlO-
Te3y, IO 31 3pOCTAHHIM BIKY TUTHHH BILUTUB MOPYIICHHS
30poBUX (DYHKIIH Ha 11 AKiCTh XKHUTTS (32 BCiMa BUBUE-
HUMH KOMITOHEHTaMH) 3POCTAE.

Oxpemo cmiji 3a3HauuTH, IO OaThbKWU JiTeH 13
MOPYIICHHSIM 30py 000X BIKOBUX TPYI BiJI3HAYaJIH
CBO€ 3aHEIOKOEHHS II0J0 HAsBHOCTI JlarHOCTOBAHOI
odrampmonoriynoi narosorii y gutuan (0,28 + 0,22
B OCHOBHIH rpymi JiTei 1o Tprox pokis Ta 0,19 + 0,21
B OCHOBHIM rpymi JiTel cTapiie TPbOX POKIB), 3My-
MICH] IPUAITATH Yac TypOoTi PO 3ip AUTHHH, BUKOHY-
rour npusHadeHHs Jjikaps (0,46 = 0,31 ta 0,51 + 0,34
BIJINIOBIJTHO), IO HEPIAKO MPHU3BOJIUTH IO CYNEPEYOK
y poxuHi (0,63 + 0,34 ta 0,68 = 0,25 BiAmoBixHO).

31 3poCTaHHSAM BIKY AWTHHU 3HMXXCHHS TOCTPOTH
30py YCKJIQIHIOE€ BUBUCHHS JUTHHOK HABHYOK XOIHTH,
Oiratu, ctpubatn Ta mnepectpudysaru (0,70 £ 0,24
B OCHOBHIM TpyIi jiTeit 10 Tppox pokis Ta 0,62 + 0,21
B OCHOBHIH IpyTi AiTel cTapiue TpboX POKiB), 3aBaXae
HaBuaHHto qutuHK (0,59 £+ 0,25 B OCHOBHIM Ipymi AiTeH
JI0 TPHOX POKIB), YCKIIAIHIOE MOITYK HEOOX1THUX pedeit
(0,62 £ 0,23 B OCHOBHIH TIpyIi JITEH 10 TPHOX POKIB Ta
0,64+ 0,21 B ocHOBHIH rpymi AiTeil cTapiie TPhOX POKiB),
3aBakae IBUAKO 1 BhpaBHO pyxarucs (0,67 = 0,23
B OCHOBHIH Tpymi AiTEH cTapuie TpbOX POKiB), YCKIaI-
HIOE MOXKJIMBOCTI YHTaHHSI, MMEPErNBIAY TeleBi3opa Ta
KepyBaHHS aBTo y MaiOytaboMy (0,30 + 0,24 B ocHOB-
HIW TpyIi JiTel crapiie TPhoX POKIB).

Jani, oTpumMani 3a pe3yibTaTaMH HPOBEICHOTO
JOCITI/DKEHHSI, AEeTali3yI0Th 0COOIMBOCTI (hOPMYBaHHS
KOMIIOHEHTIB SIKOCT1 )KHTTS B AUTSYOMY Billl ITiJ] BILJTH-
BOM IOpYIIEHb (YHKIIH 30py. JloBenennmM Ta craruc-
TUYHO 3HAYYIIUM € 3POCTAHHS BUSBICHOTO BIUIHBY 3i
3pOCTaHHSM BIKY HiTeH, IO CTa€ JONATKOBUM apTryMeH-
TOM II[OJI0 peai3allii 3yCHiIb i3 CBOEYACHOT IarHOCTHKH

1 KOpeKIii XBopoO oka Ta HOro MpHUIATKOBOTO arapary
B PAaHHBOMY JTUTSYOMY BIIli, III¢ KOJW BIUIMB HA KOMIIO-
HEHTH 11 IKOCTI KUTTS € MOPiBHSIHO MECHIITUMH.

Hes3Bakaroun Ha Te MIO U BHBYEHHS 3MiH SIKO-
CTi KHUTTS TiJ BIJIMBOM O(TambMONOTIYHOI MaToorii
€ YMCJICHHI 1HII ONUTYBAJIBHUKH, SIKi OYJIH MOTMEePEIHBO
BuBueHi Hamu (Paediatric Rhinoconjunctivitis Quality
of Life Questionnaire (PRQLQ, 1998); The Amblyopia
Treatment Index (AIT, 2001); Developmental Eye
Movement Test (DEM, 2005); College of Optometrists
in Vision Development Quality of Life Questionnaire
(2006); Quality of Life in Children with Vernal
Keratoconjuctivitis Questionnaire (QUICK, 2007);
Eye Quality of Life (Eye-QOL, 2010); Health Related
Quality of Life for Exotropia (2010); Vision related
Quality of Life of Children and Young People, (VQoL
CPY, 2010); Medical Outcomes Study 36-Item Short
Form Health Survey» (SF—36)), s peasizarii mocras-
nieHoi MeTH OyI10 BUOpaHO caMe CTaHJapTH30BaHUH Ol -
tyBanbHUK Children’s Visual Function Questionnaire
(CVFQ). Otpumani B IOCTiIKEHHI pe3yiabTaTd Iepe-
KOHYIOTh Y TIpaBHIbHOMY BHOOPI iHCTpyMeHTY (CVFQ)
JUUTSI BUBUEHHS 3MIH CKJIQAHUKIB SIKOCTI KUTTS JITEH T
BIUIMBOM HasBHOI oTambMoioriyHoi narosorii. THau-
BiyaJIbHUH MiAXiX 0 OLIHKH cyOmkan (opmyBaHHS
SIKOCT1 JKUTTSI IUTHHM 3 po3iafaMu (QYHKIIA 30py Mij
gac ii 3aIOBHEHHS OaTbKaMH CIIPUSiE KOMIUIAEHC MIX
MEJUYHAM TIEPCOHATIOM, JIUTHHOIO Ta ii OarbKamw,
JIOTPUMAHHIO JIIKapChKUX MPU3HAYEHb Ta MPU3HAYCHOT
KOPEKIIii.

BucnoBku. HasgBnictb orajabmolioriynol narosio-
rii Mae oBeieHUIT BIUIUB HA (OPMYBAHHSI CKJIATHH-
KiB sikocTi skUTTA JiTell. Tak, ycraHoBJIeHe HAMM 3HH-
JKeHHSI CyMapPHOI OI[iIHKH 32 CyOIIKAJIAMU SIKOCTI JKUTTS
AiTeii cranoBuJIo Ha 15,8% y Billi 10 TPHOX poKiB Ta Ha
24,1% —y Biui crapiue Tpbox pokiB. Oco0/1MB0 HasiBHA
o(TATbMOJIOTIYHA TATOJIOTIA TOCHJIIOE HeraTMBHUM
BIUIMB HA SIKiCTH KUTTS 32 PAXyHOK BILTUBY Ha ¢op-
MyBaHHsI BMiHb (0,82 + 0,17 B ocHOBHIii rpymi 10 TPHOX
pokiB, 0,60 = 0,16 B ocHOBHiii Tpymi cTapiie TPbOX
pokiB), popmyBanust ocooucrocri (0,72 + 0,13 B ocHOB-
Hiil rpyni a0 Tpbox pokiB Ta 0,69 + 0,12 B ocHOBHii
rpymi aiTeii crapuie TpbOX POKiB).
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3ACOBM ®I3UYHOI TEPAIIIL ITPU 3AITAJIBHUX 3AXBOPIOBAHHSIX
KIHOYUX CTATEBUX OPI'AHIB

Akmyanvhicme. 3ananbhi 3aX60PI08AHHI HCIHOUUX CINAMEBUX OP2AHI8 — CATLNIHZ00MOPUM, MEMPOEHOOMEMPUM, NAPAMEMPUN,
€ OOHIEI0 3 HAUOLbUL AKMYATLHUX NPOOTIeM NPAKMUYHOT 2iHeKON02lT uepe3 3HAUHY NOWUPEHICIb I CXUTbHICIb 00 peyuousy. Y cmpyk-
mypi 2iHeKON0TUHUX 3aX8OPI06AHb 3ANANbHI NPOYECU JHCITHOUUX CIMAMesUX Op2ania 3atmaioms nepuie micye, wo cmanosums 60—65%
6810 yciei einexonoziunoi namonoeii. Emionoeiuna cmpyxmypa 3ananbHux 3ax60pio8ans CIamesux op2aHie HCinKu 6Kpatl pisHOMaHimHa.
Cnexmp 30yOHUKIG BKTIOUAE OeCAmMKU 8U0I8 YCIX KIACie MIKpOOpeanizmie — bakmepii, sipycu, Haunpocmiwi 1l epudu. Tomy peabinima-
Y5l HCIHOK 13 2IHEKONO2IUHUMU 3AX8OPIOBAHHAMU € CKIAOHOI0 MA AKMYAIbHOI NPOOIEMOI0, BUPILUEHHS K0T MONCIUBO TULLe 3d YYacmi
axisyis piznoeco npoginio, y momy yucii cneyianicmis y eanysi ¢isuunoi mepanii ma peabinimayii.

Mema oocnidyiceHHs — GUHAUUMU AKMYATLHICIb 3ACMOCY8ANHS OCHOBHUX 3ac0016 (hizuunoi mepanii nio wac npogirakmuxu
Ul TIKYBAHHSA 3aNATLHUX 3AXE0PI0GAHD JICIHOUUX CINATNEBUX OPeaNi6.

Mamepian i memoou. V3azanvnenns it GHani3 Cy4aCHUX HAYKOBUX OOCIIONCEHb U000 3ACMOCYBAHHS 6 MEOUYHIL NPaKmuyi 3acooie
¢hizuunoi mepanii nio vac NiKY8aHHs 3aNATbHUX 3AX60PIOSAHb HCIHOUUX CIMAMEGUX OP2AHIG.

Pezynomamu docniosncenns. I[lepuiouepeoge snavenns Ons aiKeioayii 3anUKOBUX AGUWY 3ANATLHO20 NPOYeCy Maome mepane-
6MUYHI 6NPABU, WO NPUCKOPIOIOMb KPOBOODI2 y OlNaAHYI masa, po36uearoms HYyuKicms xpebma, npasu Ha mpeHyS8aHHs M A3i6, ujo
npuU368005iMb Y PYX MazocmecHosull cyenod. Bnpasu ons xpebma (32unanus, HAXuaU, ROGOPOMU, 0bepPmMants myryoa) nompioHo euxo-
Hy8amu 3 MAKCUMAIbHOIO AMNIIMYO0I0 PyXy U i3 PI3HUX BUXIOHUX NON0JCEHb (CMOAYU, CINOAYU HA KONIHAX, CUOSYU, N1edcadll Ha CRUHI
ma scueomi).

3acobu ¢izuunoi mepanii — mepaneemuuni enpasu, sKi GKIOUAIOMb 342ATbHOPO3GUGATbHI 6npasu 07 M 51316 mynyda, 6epxXHix
I HUDICHIX KIHYIBOK, A MAKoJC Chneyianvhi 6npagu — OUHAMIYHE Ul I30MempuyHti, 01 M A3i8, Wo 3a6e3neyyioms pyx y ma3ocmecHo8Ux
cyenobax, m’s13ax nOnepexy, 4epeerHozo npecy i mazo8o2o OHA, OUXAibHi 6npasu (cmamuyni ma OuHamiuni, diagpazcmanvhe Ouxams,).

I1i0 uac nikyeanHs 3ananbHUX 3aX60PI06AHb JHCIHOUUX CINAMEBUX OP2AHIE 0N NOKPAUeHHS KPOBO- Ul NiMPo0bIey 6 Op2anax Manio2o
mazy 6UKOPUCMOBYIOMb OUHAMIYHI 6NPABU, BKIIOUAIOUY 68 POOOMY M A306i epynu, AKI OMouyioms mas, QyHKYIoHaIbHo ma pegiex-
MOPHO NO8 A3AHI 3 OP2AHAMU HCIHOUOI cmamesoi cucmemu.

Bnpasu ona mpenysanns m’a3ie uepegno2o npecy 3a0e3neuyioms 3MiyHeHHs 38 S3Y8aAbHO20 anapanmy Mamxi, Akmusizyoms QyHK-
Yi10 KUWKIGHUKA.

Bnpasu ons eghpexmuernoeo diaghpasmanvhozo Ouxanna cnpusiioms pe2yiayii 6HympiuiHb04epegrHo20 MucKy it akmusayii kpoeooobiey
6 OP2aHAX Yepesury ma Maio2o masy.

Ilpu 3ananbHux 3ax60pI08aANHA JHCIHOUUX CIMAMEBUX OP2aAHie 6apmo 36epmamu yeazy Ha npasunbiuil eubip besdonicnux i pozean-
MAXHCYBANLHUX SUXIOHUX NONONHCEHD, CUCTNEMAMUYHICTNG BUKOHAHHSA (DI3UYHUX 8NPAB, NPABUTILHE CROLYYAHHSA PYXI6 i3 (hasamu OUXAHHS,
Cy60pUll KOHMPONL 003VBANHS (DIZUUHUX 6NPAB, OYIHIOBAHHS eHeKMUSHOCI NPOBEOEHHS 3AHAMb MA O3HAUOMAEHHS X60PUX I3 pe3)ib-
mamamu NiKY8aHHs, eMOYIHY HACUYEHICMb | 2I2i€HIUHT YMOBU NPOBEOEHHS 3AHAMb.

AxmyanvHumu € maxi 6UXiOHi NONONCEHHA: CUOAYU HA NIONO03I, Jledcady Ha CNUHI, Ha OOYI, HA HCUBOMI, KONIHHO-KUCTNBOBE Ui KOLIH-
HO-TIKMbOBe.

3naune micye y izuynitl mepanii 015 HCIHOK 3aUMAOMb cmamuyni énpasu. /unamiuni, cmamuyti il OUXATbHI 6NPABU PEKOMEHOY-
10Mmb NOECOHYBAMU OOUH 3 OOHUM, BUKOHVIOUU 8 EOUHOMY KOMNJLEKCI.

Tomy 3ax60prH0GaAHHS CIMAMeSUX OP2AHI6 GNIUBAIOMb HA QYHKYIT IHWUX OpeaHie I cucmem, Ha cman opeawnizmy. Lle éusnauae xomn-
JIeKCHULL NiOXI0 00 JIKY8AHHA 2IHEKONO02IUHUX 3aX80pH06ans 3acobamu izuunoi mepanii. [l SiHEKOIOSTUHUX X8OPUX XAPAKMEPHUM
€ NOEOHANHA PO3NA0IE, 3YMOGIEHUX OCHOBHUM 3AXBOPIOBAHHAM, 13 NOPYUWEHHAMU 8 OP2AHI3MI, U0 N0 A3AHI 3 HEOOCMAMHBOIO PYXOGOI0
AKMUBHICNIO, ONEPAMUSHUM EMPYUAHHAM MOULO.

Bucnoeok. Ycmanosneno akmyansuicms 3acmocy8anis pisHOMAHIMHuX peadinimayitinux Memooux, mepanesmuinux 6npas saK
3acobis Qizuunoi mepanii nio yac NiKy8aHHA 3ANANLHUX 3AXEOPIOBAHb HCIHOYUX CIAMEBUX OP2AHIE O SMEHWEHHS PUSUKY PO3BUINKY
MOICTUBUX YCKAAOHEHD.

Knrwuoei cnosa: sacodou ¢izuunoi mepanii, 3ananvhi 3aX60pr6anHs, HCIHOUA cmamesd cucmemd, QizuuHi 6npagu.
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MEASURES OF PHYSICAL THERAPY FOR INFLAMMATORY DISEASES
OF THE FEMALE GENITAL ORGANS

Actuality. Inflammatory diseases of the female genital organs — salpingoophoritis, metroendometritis, parametritis — are one of
the most urgent problems of practical gynecology due to their widespread prevalence and tendency to relapse. In the structure of
gynecological diseases, inflammatory processes of the female genital organs occupy the first place, accounting for 60—65% of all
gynecological pathology. The etiological structure of inflammatory diseases of the female genital organs is extremely diverse.

The range of pathogens includes dozens of species of all classes of microorganisms — bacteria, viruses, protozoa and fungi.
Therefore, the rehabilitation of women with gynecological diseases is a complex and urgent problem, the solution of which is possible
only with the participation of specialists of various profiles, including specialists in the field of physical therapy and rehabilitation.

The purpose of the study is to determine the relevance of the use of basic physical therapy in the prevention and treatment of
inflammatory diseases of the female genital organs.

Material and methods. Generalization and analysis of modern scientific research on the use of physical therapy in medical practice
in the treatment of inflammatory diseases of the female genital organs.

Research results. Physical exercises that speed up blood circulation in the pelvic area, develop flexibility of the spine, exercises for
training muscles that move the hip joint are of primary importance for eliminating the residual phenomena of the inflammatory process.
Exercises for the spine (bending, tilting, turning, rotation of the trunk) should be performed with the maximum range of motion and
from different starting positions (standing, kneeling, sitting, lying on the back and stomach,).

Means of therapeutic physical culture (PE) are general developing exercises for the muscles of the trunk, upper and lower limbs,
as well as special exercises — dynamic and isometric, for muscles, providing movement in the hip joints, muscles of the lower back,
abdominal press and pelvic floor; breathing exercises (static and dynamic, diaphragmatic breathing).

In the treatment of inflammatory diseases of the female genital organs, to improve blood and lymph circulation in the organs of the
small pelvis, dynamic exercises are used, including in the work the muscle groups that surround the pelvis, functionally and reflexively
connected with the organs of the female reproductive system.

Exercises for training the muscles of the abdominal press provide strengthening of the connective apparatus of the uterus, activate
the function of the intestines.

Exercises for effective diaphragmatic breathing contribute to the regulation of intra-abdominal pressure and activation of blood
circulation in the organs of the abdomen and pelvis.

In the case of inflammatory diseases of the female genital organs, attention should be paid to the correct choice of painless and
relieving starting positions, the systematic performance of physical exercises, the correct combination of movements with the phases
of breathing, strict control over the dosage of physical exercises, the assessment of the effectiveness of conducting classes and the
Sfamiliarization of patients with the results of treatment, emotional saturation and hygienic conditions for classes.

The following starting positions are relevant: sitting on the floor, lying on the back, on the side, on the stomach, knee-hand and
knee-elbow.

A significant place in therapeutic gymnastics for women is occupied by static exercises. Dynamic, static and breathing exercises
are recommended to be combined with each other, performed in a single complex. In the conditions of the sanatorium, three movement
modes are used: gentle, gentle-training and training.

Therefore, diseases of the genital organs affect the functions of other organs and systems, and the state of the body. This determines
a comprehensive approach to the treatment of gynecological diseases by means of physical therapy. Gynecological patients are
characterized by a combination of disorders caused by the main disease with disorders in the body associated with insufficient motor
activity, surgical intervention, efc.

Conclusion. The relevance of the use of various complex methods, forms of physical therapy as a means of physical therapy in
the treatment of inflammatory diseases of the female genital organs to reduce the risk of possible complications has been established.

A pronounced tonic, trophic and compensatory effect, normalizing effect on the functional ability of the female reproductive system
during the use of physical therapy during the treatment of inflammatory diseases of the female genital organs was determined.

Key words: means of physical therapy, inflammatory diseases, female reproductive system, physical exercises.

Beryn. AkTyasbHicTh. 3amaibHi 3aXBOPIOBaHHS
JKIHOUHMX CTaTEBUX OPTaHiB — CANBIIIHTOO(MOPHUT, METPO-
CHIIOMETPHT, TAPAMETPUT, € OIHIEI0 3 HAUOUIBII aKTy-
QIBHUX TPOOJIeM MTPAaKTHYHOI T1HEKOJIOTi] uepe3 3HaUHy
MOIIMPCHICTh 1 CXWIBHICTh 1O perunuBy. HaitOinbima
4acToTa iX 3yCTPIYaNIbHOCTI TPUNANAE HA MOJIOIUH
Bik — 1620 pokiB, i penpoaykTuBHuUil Bik — 20—40 pokiB
(dyrina, Kiiiko, 2016; XBucrwok, 2021; Marosan, 2021).
VY CTpPyKTypi TiHEKOJOTIYHUX 3aXBOPIOBAaHb 3aIajbHi
MIPOIIECH JKIHOUMX CTATEBHX OPTraHiB 3aiiMalOTh IEpIIe
MicIle, o cTaHOBUTh 60—65% Bij yCi€l TIHEKOIOTTYHOT
natonorii (XBucwk, 2021; JlobpoBonbebka, 2021).

AXTyalpHICTh MPOOJIEMH 3amajbHUX 3aXBOPIOBAHB
y TiHekonorii Ha0yBa€ MEAMKO-COIIaJbHOTO 3HAYCHHS,
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OCKUIBKM ~HaifyacTille TNPH3BOAWTH [0 MOPYIICHHS
PETpOMyKTUBHOI (DyHKIIi, OyTyIr MIPUINHOIO OC3ILTiIA,
HEBJIAJINX CIPOO EeKCTPAKOPIOPATBLHOTO 3arlliTHEHHS,
HEBHUHOITYBAaHOCTI BAriTHOCTI, YCKJIagHEHb Mepediry
BariTHocTI i monoriB (Cokpyrt, 2019; Manaxos, 2021).
Etionmoriuna cTpykTypa 3amanbHUX 3axXxBOPIOBAHb
CTAaTeBHX OPTraHiB *KIHKA BKpau pisHOMaHiTHA. CIIEKTp
30yIHUKIB BKJIIOYA€ JECATKH BUMAIB yCiX KIIAciB MiKpo-
opraHi3miB — OakTepii, Bipycu, HaWImpocTimi i rpudu
(ITonstrepka, 2011). Tomy peabiniTamis KiHOK i3 TiHEKO-
JIOTIYHUMH 3aXBOPIOBAHHIMH € CKJIaJHOIO Ta aKTyab-
HOIO TIPOOJIEMOI0, BUPIMICHHS SKOi MOXKJIMBO JIMINE 32
y4acTi (axiBI[iB pi3HOTO MPOQIII0, Y TOMY YHCII CIICITi-
ajicTiB y ramy3i ¢i3u4dHOi Teparii Ta peadimiTarrii.
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®isnuna peabimiTamis, sIK METOA aKTUBHOI (DyHKIIi-
OHAJIbHOI MaTOreHETHYHOI Teparii, 3a0e3rnedye OibIi
MIOBHOIIHHE BiJIHOBJICHHS OpraHi3My kiHku. Bona mae
OyTH KOMILJICKCHOIO, I1HIMBIyaJbHOW0, YpPaxOByBaTH
eTanu peadimitalii, 0cOOMMBOCTI KIIIHIYHOTO JIIKyBaHHS
(Eppomina, 2005; Myxin, 2009; Xpuctosa, 2015).

O06’€exTOM JOCHIKEHHS € 3ac00u (Pi3udHOI Tepartii
JUIS TIPO(UTAKTUKKA W JIIKyBaHHS 3alaJIbHUX 3aXBOPIO-
BaHb JKIHOYHMX CTATEBUX OPTaHiB.

Meta pociuiTkeHHS — BU3HAYHTH AKTYaJIbHICTH
3aCTOCYBAaHHS OCHOBHHX 3aco0iB (hi3uuHOi Tepamii mix
yac Mpo(diJaKTHKK W JIKYBaHHS 3amalibHUX 3aXBOPIO-
BaHb JKIHOYHMX CTATEBUX OPTaHiB.

Marepianu Ta MeTOAW MOCHIUKeHHsI. Y3araib-
HCHHS 1 aHaJli3 CyYaCHUX HAYKOBUX IOCIIKEHb 010
3aCTOCYBaHHS B MEIWYHIA MpakTHIl 3aco0iB (izumuHOT
Tepamii mif yac JiKyBaHHS 3alaJbHUX 3aXBOPIOBAHb
YKIHOYHMX CTATeBUX OPraHiB.

PesyabTaTn gocaigkeHHsi Ta iX 00OroBOpeHHs.
HanerHo, HeMae KIHOK, sIKi O X04 pa3 y )KHUTTI HE Biuy-
BaJIN IUCKOM(DOPT y IUISHII 30BHIIIHIX CTATEBUX Opra-
HIB: BiJl CBEpOIHHSI, TOYCPBOHIHHS Ta HAOPSIKY 710 OO0
1 BuIIeHb. Lle mposiBu MicIIeBOTO 3amaibHOTO MPoLecy,
10 BiOyBaeThCS B CTATEBUX OpPTaHax i MPU3BOTUTH 110
PO3BUTKY CKJIQJHOI MATONOTii TKAaHWH 1 CE4OCTaTeBOl
CHCTEMH.

Indexmiitai i 3amanpHi 3aXBOPIOBAHHS BUKIMKaHI
PI3HOMAaHITHUMH THQEKIIHHIMHA 30yTHUKAMH, KITiHIY-
HUMH O3HaKaMU SIKUX € YPa)KCHHS OfHi€eT 00 JEeKiTbKOX
CTpyKTyp opraniB mayioro tazy (Ilerpos, 2016; Jdyrina,
Jlucenko, 2016). 3a nokaiizaii€ro 3aMajibHOTO MPOIECY
3aXBOPIOBAHHS JKIHOYMX CTATEBUX OPTraHIB MAlOTh TaKy
KiIacu(ikaiiro: HIKHBOTO BIIIUTY KIHOYMX CTATEBUX
opraHiB (BYJIbBIT, OapTOJIIHIT, KOJBIIIT, €HIOLECPBIIIUT)
1 BepXHBOTO BiATY (3amanbHi 3aXBOPIOBAHHS OPTraHiB
MAJIOTO Ta3y JKIHOYMX CTaTeBUX OPTaHiB): €HIOMETPUT,
€H/IOMIOMETPUT, CAIIBITIHTIT, CAJIbIIIHI00(OPHT, TTapame-
tpurt ([lyrina, Jlucenko, 2016; Kupndenko, 2013).

Buninsiors pisHOMaHITHI iH(EKIIiiTHI areHTH 1 MUIIXU
X IPOHUKHEHH:I 10 )KIHOYHX CTATEBUX OPraHiB: 3a JOTIO-
MOT'OI0 TPUXOMOHAJ, CHEePMaTo30i/iB, a TAaKOXK MacHB-
HUH TPaHCHOPT MIKPOOPTaHi3MIB, ISl SKHX XapakKTep-
HUI remMatoreHHuH 1 JiMdorennuii nusixu. Kpim Toro,
MPOHUKHEHHIO 1H(EKIIT y BEpXHI CTaTeBl NUIIXH CIPH-
S10Th Oy/b-IKi BHYTPIITHHOMATKOBI MaHIMYJIALIl, SIKHM
MPUIUISIOTE BEIUKY YBary, — BHYTPIITHBOMATKOBI KOH-
Tpanentusy (Mitiokos, 2012; Kupuuenko, 2013).

Benuka yBara mpuIIS€ThCS YTOUHCHHIO (haKTOPiB
PHU3UKY PO3BUTKY 3alalibHOTO MPOIECY B TIHEKOJIOTiY-
HOMY aHaMHe3i. OCHOBHI CKapru: Ha 0OJIbOBHI CHHIPOM
y HIDKHIX BiJJIiIax jKMBOTA, MATOJIOTIYHI BHUIIJICHHS 3i
CTaTeBUX IIJISIXiB, CBEPOIXK, Medisl B JUISHII 30BHIII-
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HiX CTaTeBUX OPraHiB, MiJBUIICHHS TEMIIEpaTypH Tija,
3arajibHa cJ1a0KiCTh, HE3yXKaHHs, MOPYIICHHS (YHKIIT
cymixHux opraHiB (I'pumenko, 2003; Memina, 2012).

[Tix gac 30upaHHs aHAMHE3Y BKpail Ba)KIIUBO 3’5ICY-
BaTH CTaH MEHCTPYalbHOI, PENPOAYKTUBHOI, CTATEBOI
(GyHKIINA, M0 HAJACTh JOJATKOBY iH(OpPMAIIO MO0
HAsSBHOCTI 3aalibHOTO 3aXBOPIOBAHHS JKIHOUMX CTaTe-
BHX OpTaHiB.

Ha po3BHTOK 3amajibHOTO MPOINECY JKIHOYHMX CTare-
BUX OpraHiB BIUIMBAE CTAH IMyHHOI CHCTEMH OpTraHi3My
it Giomoriuni ocobnuBocTi 30yaHMKa (COKOMOBCHKHIA,
2005; MarnpoBanuii, 2006). Tomy B THEKOJIOTIT TAKKMM
3acobaM ¢iznvHO1 peabimiTallii, K MCUXOTEPaNeBTUY-
HUH BIUTUB, MEIMKaMEHTO3HA KOPEKIIis, KIHe30Teparis,
¢izioTeparis, Macax, KypoOpTHO-CAHATOPHE JIIKYBaHHS,
¢iToTepamisi TomO, BCEe OUIbIIC MNPUAUIAIOTH YBaru
3 METOI0 3MIIHEHHS 370pOB’s, MPOQITaKTUKH # JiKy-
BaHHS 3aXBOPIOBAaHb XKiHOUOi crareBoi cuctemu (AOpa-
MoB, 2014; Rudenko, 2015).

3aBnaHHAM (DI3UYHOIO Teparii € Take: JIKBIIyBaTH
3aJUINKOBI SBHINA 3aMajbHOTO MPOIECY; 3amodirTu
PO3BUTKY CIAaWKOBOI XBOpOOM ¥ HENpaBUIBHOMY
MOJIOKEHHIO MATKHW; MOJIMIIATH KpPOBO- Ta JiMQo-
00ir 1 3MEHIIWTH BEHO3HHMH 3aCTii y BCIX OpraHax,
0COONMBO B OpraHax MajlorO Tasa; IOJIMIIMTH OKHUC-
HO-BIJIHOBHI TIPOIIECH, IMiJBUIIUTH 3arajlbHUid TOHYC
XBOPOi; OOPOTHUCS 3 YTBOPEHHSIM OCEPEAKiB 3aCTIHHOTO
rajbMyBaHHs ¥ chigoBux peakmii y [THC; ycynytn
HACJIIKU TiNOJMHAMIl; CHOPHUSATH 3arajJbHOMY 3Mill-
HEHHIO OpraHi3my Ta #oro BigHosiaeHHI0 (Buchkovska,
2017; Hotra, 2019).

[lepuioyeproBe 3HaUEHHS LTS JTIKBiAAIi 3a7THIITKO-
BUX SIBUII 3aaJIbHOTO MPOIECY MAlOTh TEPAlCBTUYHI
BIIPABH, 10 MPUCKOPIOIOTH KPOBOOOIT Yy IUISHIN Ta3a,
PO3BHBAIOTH THYUKICTh XpeOTa, BIPaBH HA TPCHYBAHHS
M’s131B, IO TPH3BOIATH Y PYX Ta30CTETHOBHH CYyIIIOO0.
BrpaBun s xpebta (3rHHAHHS, HAaXWIH, MOBOPOTH,
o0epTaHHs Tyay0a) HOTPiOHO BUKOHYBATH 3 MAKCUMAITh-
HOIO aMIUTITYIOI0 PyXY # 13 Pi3HUX BUXIJHUX MOJOKECHb
(cToST4M, CTOSTYM HA KOJIHAX, CHJISTIH, JCKAIH HA CIHHI
ta xuBoti) (€ppomina, 2005; dyrina, Kiiiko, 2016;
Mahlovanyy, 2019).

Jns TpeHyBaHHS M’s3iB, IO TNPH3BOIATH y PYyX
Ta30CTETHOBHU CyINIOO, 3aCTOCOBYIOTHCS ITOYEPIOBi
Il OZIHOYACHI PyXM HOTaMHU B YCIX BHUXITHHX ITOJOXKEH-
HAX (HAIPHKIIAI, JIC)KAYW Ha CIHMHI — MIATATYBaHHS HIT
II’SITaMH JI0 Ta3a, PO3BEJCHHS I 3BC/ICHHS 3ITHYTHX HIT,
MiJHIMAHHS MPSMUX HIr, iMIiTaIlis i34 HA BEJOCHIIC/I
TOIO; CHJIITYM Ha TIAJ031 — 3BEJICHHSA-PO3BEICHHS HIT
3 OIOpPOM, HAXWJIX KOPITYyCy IO TPaBOi Ta JIBOI CTOIH,
PO3BEACHHS HIr i3 MOAAIBIINM TEPEXPEIIyBaHHAM iX
tomo) (CokpyTt, 2019).
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[omimmenHio KpoBOOOIry B MajoMy Ta3i TaKoX
CHPUSIOTh PI3HOBHIU XOIbOM (3 MiJHIMAHHSAM Ha KiH-
YMKWA TAJbI[iB, BUCOKMM MiJHIMAHHSIM KOJIH, MaXOM
mpssMoi HOTH BIEpEN, y HAIBIIPHUCSIL, 3 MMOJONAHHIM
MEPENIKOI, TepexXpelryBaHHsIM ToI0). st 60poThOu 31
CIIaOKICTIO YEpEeBHOTO Ipeca i aTOHIYHUMH 3ariopamu
PEKOMEH/IYIOTECSI BIIPABHU JUIS MPSIMUX 1 KOCHX M’A31B
xuBota (Kyzan, 2016).

MetonoM MiATPUMYBaJIBHOI Tepamii Mmif Yac KOMII-
JICKCHOTO JIKYBaHHS 3alalbHUX 3aXBOPIOBAHb JKiHO-
YHMX CTATeBUX OPTaHiB € (i3UuHa Tepamis, SKa yCIIIIHO
MOEHYETHCSI 3 JIKYBAJBHOIO TEpamie€d W I1HIITUMH
¢iznmunuMu MetogaMu. TepaneBTHUHI BrpaBu 3abesre-
9qye M030BaHE TPCHYBAHHS UIS KIHOK 13 3armajibHUMH
3aXBOPIOBAHHSMH CTAaTeBUX OPraHiB 3a JIOMOMOTOIO
(Gi3MYHUX HABaHTA)KCHb 1 BU3HAYA€ BUPA3HUH Teparie-
BTHuHUi edekr (MarmpoBanwmii, 2006; [yrina, Kiiiko,
2016; Pankevych, 2017; Mainaxos, 2021).

3aHATTS TEPANEeBTUYHUMH BIIPaBaMH IPU3HAYAIOTH
TP 3aJUIIKOBUX SBUIIAX 3AITaIBHOTO MIPOIIECy, XPOHid-
HOMY CaJIbIIHT00(OPHTI, TUCHYHKIIT SIETHNKY BHACTI-
JOK Ta30BHX CHAWOK MICIS MEPEHECEHOTo 3alalbHOTOo
npoIiecy, CIadKOCTi M’sI3iB Ta30BOrO JIHA, HETPUMAHHI
cedi IpY HaNpyXeHHI1, CyMyTHIX po3iaaax (yHKIIi TOB-
CTOTO KHIIKIBHUKA i CEYOBOTO MiXypa, OOITbOBUX CHH-
JPOMax, 3HIKCHHI (DI3MYHOI Mpane3qaTHOCTi, T1Moau-
Hamii (MarnboBanui, 2017).

®i3nuHa Tepartis ycyBae 3amaibHHN IPOIeC B opra-
Hax MaJIoro Ta3y i opraHi3Mi, mosinmrye (Gpi3naHuii 1 Icu-
XIUHUI CTaH OpraHi3My, 3a100ira€ poO3BUTKY YCKJIAHCHb
3aXBOPIOBAHHS, MOKPAIIUTH (DI3NUHY BUTPHBATICTH IO
pizuux HaBaHtaxeHb (IIpucrymna, 2017).

TepaneBTHuHi BHOpaBU MOKPAIIaTh KPOBO- Ta JiM-
($ho00Ir B opraHax Majoro Tasy, 3MIIHATb 3B’sI3yBajlb-
HUI amapar MaTku, M s3iB YepEeBHOTO MPECY, MOMEPEKY,
TA30CTETHOBHX CYIIIOOIB i Ta30BOTO JHA, BiIHOBIATH
PYXOMICTh 1 HOPMaJIi3ylOTh CIiBBIJHOIICHHS OpPTaHiB
MAJIOTO Tazy, JTKBIAYIOTh 3QJIUIIKOBI SIBHIIA 3aIIaIbHOTO
IpoLeCy, ONTUMI3YIOTh POOOTY €HIOKPUHHOI CHCTEMH
W OOMIHHHX TpOIIECiB, MOKpallaTh MOTOPHO-CBaKya-
TOpHY (DyHKIIIT KUIIKIBHUKA Ta CEYOBOTO MiXypa, (PyHK-
i1 cepleBO-CyANHHOI Ta TUXAIBFHOI CHCTEM, ITiIBUIIATH
(i3M4Hy BHUTPUBANICTh, MOKpAIIaTh MCHXOCMOLIHHIN
ctan (Mitrokos, 2012; Hotra, 2019; Marosan, 2021).

3aco0u ¢i3uuHOi Teparii — TepaneBTHYHI BIPABH,
SIKI BKJTFOUAIOTh 3araTbHOPO3BUBAIIGHI BIPABH JIJISI M SI-
31B Tyny0a, BEpXHiX 1 HWKHIX KiHIIIBOK, @ TAKOX CIIeIli-
aJbHI BIPaBH — JUHAMIYHI i 130METPHYHI, ISl M SI31B,
3a0e3MeuyroYr pyX Y Ta30CTETHOBHX CYyITIo0ax, M s3ax
MIOTIEPEKyY, YSPEBHOTO TIPECy i TA30BOTO JHA; AMXAJIbHI
BIpaBH (CTaTUYHI Ta JMHAMIYHI, giadparManbHe
muxansst) ([lyrina, Kiiko, 2016; MarnsoBanwuii, 2019).
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ITix gac miKyBaHHS 3amaJbHUX 3aXBOPIOBAHB JKiHO-
YHUX CTATEBUX OPTaHiB JJIsI OKPAIIEHHS KPOBO- Ta JIiM-
¢oo0iry B opranax MaJoro Ta3y BUKOPHCTOBYIOTh INHA-
MIYHi BIIPaBH, BKIIOYAIOYH B pOOOTY M’S30B1 IPyIIH, AKi
OTOYYIOTh Ta3, (GYHKIIOHAIBHO Ta PEICKTOPHO MOB’ -
3aHi 3 OpraHaMH JKiHOYO1 CTATEeBOi CHCTEMH.

BrpaBu anst TpeHyBaHHSI M’SI3iB UEpPEBHOTO TIpecy
3a0e3MeuyroTh 3MIIHCHHS 3B S3yBAJLHOTO amapary
MAaTKH, aKTUBI3YIOTh (DYHKI[iI0 KHIITKiBHHKA.

Brpaeu  gns edexTtuBHOrO  AiadparManbHOTO
JUXaHHS CIPHUSIOTh PEryisiil BHYTPILIHbOYEPEBHOTO
TUCKY ¥ aKTHBamii KpoBOOOITY B OpraHax 4epeBUHH Ta
mastoro tazy ([yrina, Kiiixo, 2016).

[Ipn 3amanxpHUX 3aXBOPIOBAHHS JKIHOYMX CTATEBHX
OpraHiB BapTO 3BEPTATH yBary Ha NpaBUIbHUI BHOIp
0e300JIiCHUX 1 PO3BAHTAXKYBAJIBHUX BHUXITHHX ITOJIO-
KEHb, CHCTEMaTHYHICTh BUKOHAHHS (Di3WYHUX BIIPaB,
MpaBWIBHE CIIONyYaHHS PyXiB 3 (pa3aMu IUXaHHS, CyBO-
PpHii KOHTPOJIb O3YBaHHA (DI3UIHUX BIPAB, OI[IHIOBAHHS
e(PeKTHBHOCTI TIPOBEACHHS 3aHATh Ta O3HAHOMIICHHS
XBOPHUX 13 pe3ynbTaTaMM JiKyBaHHS, EMOIlIHy HacHue-
HICTb 1 TTi€HIYHI YMOBH MPOBECHHS 3aHSTh.

AKTyalTbHUMH € TaKi BUXiJTHI TOJIOKEHHS: CUISTUU Ha
IT1J1J71031, JIe)Kadyd Ha CIMHI, Ha 0oL, Ha YKMBOTI, KOJIH-
HO-KHCTHOBE 1 KOJIIHHO-JTIKTHOBE.

Jist mokpamieHHsT KpoOBOOOITY B OpraHax Mayoro
Ta3zy BapTO BHKOHYBAaTH Di3HI BUAM XOABOM — MPOCTY
W yCKJIaJHEeHy, y PI3HUX HampsMKax, i3 BHCOKUM ITiJ-
HIMaHHSM KOJIiHA, 3 TIePEXPENlyBaHHAM HIl, 3 BUIIAJI0M
yrepes, y HamBIpUCsIi TOIIO.

3HauHe Micle B mporieci peadimiTarii *iHOK 3aiima-
I0Th CTaTHYHI BIpaBu. JIMHaMIi4YHIi, CTATUYHI i TUXaTbHI
BIPaBH PEKOMEHYIOTh [IO€IHYBATH OJIUH 3 OJIHUM, BUKO-
HyrouH B equHoMy komruiekci (Iysiit, 2019). Pexomen-
JIOBaHO (hi3UUHI BIPABH CEPEAHBOI IHTCHCUBHOCTI JUIS
PI3HUX M’SI30BUX TPYI, IUXaJIbHI BIpaBH, Xoap0y. Temm
BUKOHAHHS BIIPaB CEPEHiH, pyXH MiaBHi, 0€3 pUBKIB i3
MOBHOIO aMILTiTyn0t0. [1ay3n Jjist BIIIIOYMHKY JOILTEHO
BKIIFOYATH B Mipy CTOMJICHHS MAIlI€EHTKH 3 OJHOYACHUM
pO3CITabiIeHHsIM MycKyaarypu. TpuBaicTh may3u Bif-
MOYMHKY 3aJIeKHUTh BiJl CaMOIOYyTTS XBOpoi. PyxoBa
AKTUBHICTh XBOPOi He3HAYHA, O1JIbIIIE Yacy BiIBOTUTHCS
CHY ¥ CTaHy CHOKOr. BUKIHOUarOThCs OIr, MiJICKOKH,
pi3ki pyxu. [TocTymnoBo 301IbIIY€ETHCS KUTBKICTD PI3HUX
3araJlbHOpPO3BUBAIILHUX BIIPAB, BKIIOYAIOTH CIICIialbHi
BIIPaBU JUIS M’sI3iB 4EpEBHOTO Mpeca, aiadparmaibHe
JUXaHHS, TePEHKYP, PyXJIuBi irpu. BripaBu BUKOHYIOTH
3 BUXITHOTO MTOJIO’KSHHS JISKAYH Ha CIIMHI, Ha JIIBOMY Ta
MIPaBOM OOI1i, CUJITYH, CTOSTYH, CTOSIYM HA HABKOJIIIIIKAX,
i yac Xoap0u. TeMIT BUKOHAHHS Cepe/IHii, aMIUTITy1a
PyXiB HE 0OMeXyeThCsl. PEKOMEHAYIOTECS IPOTYIISTHKH
3 CepemHbOI0 MBHIKICTIO 4—5 KM 3a romuHy. Takox
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3aCTOCOBYIOTh €IIEMEHT pexuMy — TepeHKyp. Lle pizHo-
MaHITHI MapIIpyTH, SIKi BAKOPUCTOBYIOTHCS 33 YITKUMHU
CBITYCHHSIMH, 3 ypaxXyBaHHSAM BEIUYUHH KyTa IiIHOMY,
TPUBAJIOCTI MapUIPyTy, TEMIY XOIbOH Ta i CHiBBIAHO-
MICHHS 3 KIIBKICTIO 1 TpuBamicTio 3ynmuHOK (/lyriHa,
Kiiiko, 2016; ITetpos, 2016; Ky3an, 2019).

3aHATT (DISUYHUMH BIPAaBaMHU 3 TiHEKOJIOTIYHUMHU
XBOPUMH CTIPUSIFOTH OLIBII JIETKOMY TepeOiry marosoriy-
HOTO TIPOIIeCy, 3aro0iraHHI0 MOYKIIMBUAM YCKJIQHEHHSIM,
SIKHAMIBHIIINA JIIKBIIAIT 3aJMIIKOBUX sIBUIL. BuOip
3aco0iB (i3naHOI Tepartii mix Jac JTiKyBaHHS BU3HAYA€THCS
XapaKTepOM 3aXBOPIOBAHHSI, CTAJIIEIO IIPOLIECY, BUTY 1 CTY-
neHst (yHKIIOHAJIBHUX PO37a/iB, OONBOBHX BiIUYTTIB,
3araJlbHOr0 CTaHy 3710pOB’sl, PIBHSA (DI3MYHOTO PO3BHUTKY
Il pyXOBOI MiJTOTOBICHOCTI, BiKY, CTYNEHs ajanTarii 10
BUKOHaHHS (Pi3nunux Bipas (Ipuienko, 2017).

[IpoTnnokaszaHHaM 10 Mpu3HaYCHHS (Hi3U9IHOI Tepa-
Tii € BUpa3He 3arOCTPEHHS 3aXBOPIOBAHHS, IO CYIIPOBO-
JUKY€TBCS TiIBUILCHHSAM TEMIIEpaTypH Tisa, 301IbIIeH-
M LLIOE, sBumamu nojpa3HeHHs Ta30BOi OUEPEBUHH,
KpoBoTeuero. Pi3uuHi BIpaBU HE MOKa3aHi MPU OCYM-
KOBaHHX THIHHHX TpoIecax 10 po3pi3yBaHHs THIITHOTO
OCepesIKy 1 CTBOpeHHs 00poro BiaToky. [Ipu3HayaroTh
y pasi crabinmizaiii 3anajpHOro mnpoiecy ado Horo 3Bo-
POTHOTO PO3BHUTKY, 3HIKCHHS (DYHKI[IOHAIBHOTO CTaHy
KapIiopecipaTopHoi CUCTEMH, clIaOKOCTI M’s31B Ta30-
BOTO JTHA, 3arajbHOI CIAOKOCTI, 3yMOBJICHOT TiloIuHA-
Mmiero (Memtina, 2012; Pankevych, 2017; JIo6poBosib-
chKa, 2021).

Jlo moaTkoBHX CreliaibHUX METOIB y pasi mocra-
HOBKM  J[laTHO3y  3apaxoOBYIOTh  OaKTEpiOCKOMIYHE
JOCIIIDKEHHS BUIIEHD 31 cTareBHX HumIxis, Y3] mia-
THOCTHKY, KOJIBITIO-, TICTEepO- ¥ Jamapockomito. Jlist mia-
THOCTHKH TyOEepKyIb03y OCOOJHMBE 3HAYCHHS MAlOTh
TaKi METOJIH, sk ociB kpoBi Ha BK, mpoba Manrty, Koxa,
peHTreHorpadis 4u KOMI FOTepHa ToMorpadis opraHiB
rpynHoi kmitku (Ilpuctyma, 2017; Kysan, 2019).

3acToCyBaHHs CIEIiaIbHUX METOMIB OOCTEIKCHHS
JIaCTh 3MOTY B KOKHOMY OKPEMOMY BHUITAJKy BH3HAUYUTH
€TIOJIOTIIO 1 JIOKaITi3aIlilo 3alajJbHUX 3aXBOPIOBAHb CTa-
TEBUX OPTaHiB, OCHOBHI MiJIXO/I! JI0 TAKTUKH JIIKYBaHHSI
cnenudiuHoi iHDeKIiT — ToHOpel, KaHAH103Y, TPUXOMO-
Hia3y, xuamigiosy i Tybepkynbo3y (I'pumienko, 2003;
I'pumenko, 2017; Xsuctok, 2021).

Oco01MBO MiAKPECIIOETHCS MOKIUBICTD Mpodinak-
THUKH 3alATHAX 3aXBOPIOBAHb KIHOYMX CTATEBUX Opra-
HiB Hecnenugiunoi Ta cnenn¢iyHoi eTioNoril: Kyib-
Typa CTaTeBOIO KHUTTS, IHTUMHA Tiri€Ha, KOHTPALEIILIis,
BUKOPUCTAHHS AaKTHUBHHUX (I3WYHHX HABaHTaKCHb
MiCJIsl KOHCYJIBTAIll (PI3UYHOTO TepaneBTa. 3a MOXKIIH-
BICTIO 3IIMCHIOETBCS Kypallisi TiHEKOIOTIYHHX XBOPHX
i3 3amajgbHUMH 3aXBOPIOBAHHSME CTAaTCBHX OPraHiB i3
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MOJAJIBIINM CKJIaJaHHSIM IUIaHy JIKYBaHHS 3 MO3MLI
¢iznunoi teparmii ([Tpuctyna, 2017; Mahlovanyy, 2019).

®diznyHa Teparis i 9ac JIIKyBaHHS 3alalbHIX 3aXBO-
PIOBaHb JKIHOYMX CTaTeBUX OPraHiB JIONIOMAra€ BiIHOB-
JICHHIO OPTaHi3My KiHKH, CIIPUsIE CKOPOYCHHIO TEPMiHIB
JIKyBaHHS, He J]a€ TOOTYHNX e(DEKTIB, IKi MOXKYTb 3yCcTpida-
THUCS TIiJ1 Yac MPOBEICHHSI MEIMKaMEHTO3HOTO JTiKyBaHHSI,
3aXHWINAE BiJl YCKJIQJHCHb 1 PEIUIUBIB 3aXBOPIOBAHb,
a TaKOX € 3ac000M MPOQIIAKTHKH JEIKUX 3aXBOPHOBAHb
(Coxomnorcbkuit, 2005; MyxiH, 2009; Ky3zan, 2016).

®di3udHa Tepamist UIs OpraHi3My 3a0e3MeunTh BiTHOB-
JieHHs1 (DYHKI[IOHAJILHOCTI OpraHiB, 3HCOOFOBAHHS, BiJI-
HOBJICHHSI TOPMOHAJIBHOTO (DOHY, TOJIMIIICHHST OOMiHHUX
MPOIIECiB Y TKAHWHAX, CTUMYJIFOBAHHS KPOBO- 1 JTiM(0O-
0iry, pO3CMOKTYBaHHS CIIAi{OK i TPO(ITAKTHKY X MoK~
1101 MOSIBH, MOJIIMIICHHS KJIIITHHHOTO IMYHITETY.

IMpu 3amanbHUX 3aXBOPIOBAHHSX JKIHOYMX CTare-
BHUX OPraHiB i3 0aKTEepPIOCTATHYHOK 1 OAKTEPHUIIMIHOIO
(GyHKII€I0 TPU3HAYAE€ThCS YABTPa(hioIeTOBE ONMPOMi-
HenHst (Jlixayos, 2014; Rudenko, 2015).

IadpagepBone ompomiHeHHS Mae TIHOOKY 3irpi-
BaJIbHY JIif0, 3aCTOCOBY€THCS [TPU YITOBUTFHEHUX 3aIalThb-
HUX 3aXBOPIOBAaHHAX. /I MOMINIICHHS KpoBOOOIry
BUKOPUCTOBYETHCS EIEKTPO-, MATHITHO-, YIBTPa3ByKOBa
Tepamist. Jlazeporepamist Mae BHpaXXCHY penapariiny
W pereHepaliiiHy [ir0, CTUMYJIO€ KIITHHHUNA 1MYyHi-
TET, aJIie He 3aCTOCOBYETHCS B Mepioj] BariTHOCTI. Enex-
TPUYHI @00 MAarHiTHI MOJISi MPU3HAYAIOTHCS B MPOTH3a-
NAJIBHUX 1 MPOTHHAOPSKOBUX Iinsax (AOpamos, 2014;
CoxkpyT, 2019).

TepaneBTHuHI BIpaBH 3aCTOCOBYIOTh Y JIKyBaHHI
XPOHIYHUX 3alallbHAX 3aXBOPIOBAHb JKIHOUMX CTare-
BUX OPTaHiB: CalbIiHIOO(QOPUTIB, MCTPOCHIOMETPUTIB,
MapaMeTPUTIB, BTOPUHHOI Oe3IuIiHOCTI (3amopoxaH,
2014; Ietpos, 2016).

TepareBTHYHI BIPaBH MOJIMIIYIOTH KPOBO- U JIiM-
($000ir, 3MEHIIYIOTh BEHO3HWH 3acTiii i 3amo0irarmTth
YTBOPEHHIO pPyOIIeBO-CIIAKOBUX IIPOIECIB B OpraHax
Mmasioro taza (JKapkix, 2016).

Benuky yBary npuaiIsiFOTh BIpaBaM i 4ac X0IbO0H:
MiJIHIMAHHIO KOJIiH, MaXOBHM pyXaMm HOTaMH, BHITaJaM,
X0b01 B HAMIBMIPHUCSI, TepexpecHuM Kpokom) (Ben-
nKiBcbkoro, 2012; Ilerpos, 2016).

CrareBi opranu >KiHKH 4epe3 HEpBOBY CHCTEMY B3a€-
MOTIOB’13aHi 3 yciMa OpraHaMu Ta CHCTEeMaMH, iX (yHK-
mii mepeOyBaroTh y INUIBHOMY B3a€MO3B’s3Ky. Tomy
3aXBOPIOBAHHS CTAaTCBUX OPraHiB BILIMBAIOTH Ha (DYHKII
IHIIIMX OPraHiB i CUCTEM, Ha CTaH opraHismy. Lle Bu3Ha-
9Ja€ KOMITICKCHUI MiAXiJ 0 JIKyBaHHS TiHEKOJOTTIHUX
3aXBOPIOBaHb 3acob0aMu (i3uuHOi Tepamii. Jis rineko-
JIOTIYHMX XBOPUX XapaKTePHUM € NOEJAHAHHS PO3JIaiB,
3yMOBJICHHX OCHOBHHM 3aXBOPIOBAaHHSIM, 13 MOpPYIICH-
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HSIMH B OpraHi3Mi, 110 MOB’s3aHi 3 HEIOCTATHLOIO PYyXO- METOJMK, TepalleBTUYHUX BHPaB sIK 3aco0iB (izuy-

BOKO aKTHBHICTHO, OTIEPATHBHUM BTPYYaHHSM TOIIO. HOI Tepamii mig yac JiKyBaHHS 3aNaJIbHUX 3aXBOPIO-
BucHoBkn. OTike, YCTAHOBJIEHO AKTYAJILHICTh BaHb JKIHOYHX CTAaTeBUX OPraHiB /I 3MeHLUECHHSA

3aCTOCYBaHHSI  Pi3HOMaHITHHUX  peadimiTamiiHUX PH3HUKY PO3BUTKY MOKJIUBHUX YCKJIAaHEHb.

JIITEPATYPA

AxymepcTBo i rinekonoris : mpaktukym / B.K. Jlixados Ta in. [TonTasa : JluBocsiTt, 2014. 196 c.

AKyIIEpCTBO i riHeKoJIorIs : mipyyHuK : y 2 kH. / B.I. I'pumenko Ta iu. ; 3a pex. : B.I. I'punienka, M.O. llep6unn. 2-e Bua. Kuis :
BCB «Meaununay, 2017. Ku. 2 : I'inekosoris. 376 c.

AKyIIepcTBO Ta TIHEKOJIOT1S © MApydYHHK : y 4 T. / B.M. 3anoposas Ta iH. ; 3a pea. B.M. 3anopoxana. Kuis : BCB «Menuiunaay,
2014. T. 3 : HeonepaTtuBHa rinexoioris. 928 c.

AJNTOpUTMH J1ill JTiKaps IPH HEBIAKJIAHUX CTAHaX B aKyLIEPCTBI Ta MHEKOJIOTI] : HaBYAIbHHUI MOCIOHUK VISl CaMOCTIHHOT poOoTH
crynentiB [V-VI kypciB Mmennunoro dakynbsreTy Ta JiKapiB-iHTepHIB akyniepiB-rinekonoris / A.B. XKapkix Ta in. 3anopixoks : 3[[MY,
2016. 105 c.

Bases of physical rehabilitation in medicine / A.V. Mahlovanyy et al. Lviv, 2019. 70 p.

BrumB TpeHyBaabHOrO HaBaHTaXeHHs Ha opraHism crnopremeHiB / O.B. Tysiit Ta in. Haykosuii uaconuc Hayionanwnoeo
nedaeociunozo yHieepcumeny imeni M.I1. /Jpacomanoea. Cepis 15 «Hayroeo-nedazoeiuni npoonemu gizuunoi xyiemypu (gisuuna
kynemypa i cnopm)». 2019. Bum. 4 (112). C. 17-23.

I'inexomnoris : miapyunuk / H.I1. Bongapenko Ta iH. ; 3a pen. b.M. Benukiscbkoro ta in. Kuis : BCB «Menguuunay, 2012. 352 c.

T'inexoJIorist : MiAPYYHUK AJIst JTiKapiB-iHTepHiB / 3a pex. B.I. I'pummenka. Xapkis : OcHoBa, 2003. 728 c.

[Hyrina JI.B., Kiiiko H.C. OcobnuBocTi 3acTocyBaHHS 3aC00iB JIIKyBaJbHOI (pi3NYHOI KyJIBTypH IIPH 3alajbHUX 3aXBOPIOBAHHSIX
JKIHOUMX CTaTCBHUX OPTaHiB Ha CAHATOPHOMY eTarli. Dizuuna peabinimayis ma pekpeayilino-030oposui mexuonoeii. 2016. Ne2. C. 11-13.

Jlyrina JI.B., JInucenko K.O. OcobnuBocti 3acTocyBaHHS 3ac00iB JIiKyBaJdbHOI (Pi3MYHOT KyJABTYPH MiJ Yac BariTHOCTI. Dizuuna
peabinimayis ma pekpeayitino-o30oposyi mexnonoeii. 2016. Ne 2. C. 14-16.

Experience of using self-constructed device for active-passive mechanical therapy of jaws in the treatment of athletes with post-trau-
matic contracture of masticatory muscles / V. Pankevych et al. Materials the 9th Congress of the Baltic Association for Maxillofacial
and Plastic Surgery. 12—13 May 2017. P. 25.

E€pwsomina O.J1., Korosa JI 1. JlikyBanbHa (i3KkyasTypa : HaB4aabHO-MeToqu4YHUI nociOHuk. [Tonrasa, 2005. 88 c.

Integrated comparative monitoring of physical rehabilitation of the athlete’ body with disabilities / R. Rudenko et al. Annals of
Science and Education. 2015. Ne 2 (22). P. 610-618.

KepiBHUIITBO 3 HEMEANKAMEHTO3HUX METO/IB BiAHOBIIOBAILHOT MEAUIINHY : HaBYaIbHUK TOCciOHUK / O.M. XBuCIoK Ta iH. CymH :
SIpocnasHa, 2021. 524 c.

KomrurekcHa omiHKa Kapaioperyssmii 3a NMOKa3sHMKaMH MaTeMaTHYHOro aHamizy kapaioput™my / A.B. MarmboBanuidi Ta iH.
Dizionoziunuii acypuan. 2019. T. 65. Ne 3. Jloparok. C. 151.

Kyzan M.M., MarnsoBauuii A.B., Byros P.C. AHani3 BUXiZHNX MOKa3HUKIB CTaHy 3/10POB Sl XBOPHX HA CEYOKaM SHY XBOPOOY.
Hayxosuii uaconuc Hayionanvnozo nedazociunoco yuieepcumemy imeni M. I1. /[pacomanosa. Cepin 15 «Haykoeo-nedazoziumni
npobnemu pizuunoi kynomypu (Qizuuna kynemypa i cnopm)y. 2019. Bum. 5K (113). C. 181-184.

Kyzan M., MarmsoBanuii A., Tpodimenko 1., OOrpyHTyBaHHS clienialIbHO-aIallTOBAHOTO KOMIUIEKCY JIIKYBaJIbHOI TIMHACTHKH IS
XBOPHX Ha CEYOKaM’siHy XBOpOOy IpH IAJHOMY PYXOBOMY pexuMi. Qisuune 6UXOBAHHS, CHOPM [ KYIbMYPA 300P08 s Y CYUACHOMY
cycninoemsi. 2016. Ne 3 (35). C. 78-84.

MarnsoBanuit A., Myxin B., ManmsoBana I. OcnoBu ¢iznunoi peabinirarnii. JIssis, 2006. 150 c.

MarnsoBanuii A., Kynmnenp O. KoHmenrtyanbHa OCHOBa TOJAHHS 3I0POB’Sl JIIOAWHH, SK CHCTEeMH. Peabinimayiiini ma
Qiskynemypro-pexpeayitini acnekmu pozeumky aoounu. 2017. Ne 2. C. 38-44.

Marosan b.A., Oyen ®., Tomcon E. Kitiniune akyniepcTBo Ta riHEKOJIOTIS : HaBYalIbHUI MOCiOHKK / 3a pex. nep. M. llepounu ;
niep. 4-ro anri. Bua. Kuis : BCB «Meauuunay, 2021. 454 c.

Memnina .M. T'ineproniyaa XxBopo0a 1 BariTHICTh: OCHOBHI KIiHIYHI IHTaHHA. [Ipakmuuna aneionocis. 2012. Ne 7-8. C. 56-57.

Myxin B.M. ®i3nuna peabinitauis : migpyunuk. Kuis : Onimmiiiceka miteparypa, 2009. 488 c.

OcHoBu peabiniTaril, JiKyBajabpHOI (i3uuHOT KyIbTypH, dizioreparii, macaxy / O.C. [TonsHcbka Ta iH. ; 3a pen. B.B. Kiamayxa.
UYepnisui : [IpyT, 2011. 208 c.

Oco0MMBOCTI 3araJIbHOTO CTaHy 3/0pPOB’Sl Ta PENpOXYyKTUBHOI (pyHKIIi BariTHMX KiHOK 3 BHCOKHM IHJIEKCOM MacH Tijla Ta
oxupiHaaM / B.A. MiTiokoB Ta iH. Meouxo-coyianvui npobnremu poounu. 2012. Ne 1. C. 18-29.

Ouinka eh)eKTUBHOCTI KOMIUIEKCY (i3nuHoi peadinitauii y BaritHuX xiHok y [I-III TpumecTpax Ha nmopanbIiunii nepedir BariTHOCTI
i mostoriB / 1. Kupudenko ta iH. @izuune uxosants, cnopm i Kyivmypa 300pos’s y cyuacwomy cycnineemesi. 2013. Ne 1. C. 285-288.

Ilerpos B.I., ITonkoBruk-MapkoBa B.C., Cauxo A.B. KommekcHa ¢ismdyna peaGimitamis B mepiof BariTHOCTI. Pizuuyna
peabinimayis ma pekpeayitino-o300posui mexnonoeii. 2016. Ne 2. C. 54-56.

Ipaktuuni acrnekty ¢i3udHOI Teparii Ta eproteparii : HaBuaabHUi ociOHnk / H.A. JlIo6poBosibchka Ta iH. KuiB : BunaBamumii
nim «lenbBernka», 2021. 368 c.

Physical education of youth as a pledge of nation’s health / A. Buchkovska et al. Health problems in Ukraine and Poland. Lviv :
Editorial House of the Lviv Regional Charity Fund “Medicine and Law”, 2017. P. 68-74.

Schematic Realization of Flexible Algorithm in Treatment Diagnostic Devices / Z. Hotra et al. Materials of the XVth International
Conference on the Perspective Technologies and Methods in MEMS Design (MEMSTECH), village Polyana (Ukraine), 22-26 May
2019. Polyana, 2019. P. 140-143. DOI: 10.1109/MEMSTECH.2019.8817378.

Ne 2, 2024 77 ==

®diroTepanis. Yaconuc



®disuyHa Tepania. EproTepania. Auckycii

Coxonoscrkuit B.C., Pomanosa H.O., FOmkoserka O.I JlikyBansHa ¢izndHa KynsTypa : migpysauk. Oneca : O[AMY, 2005. 234 c.

®i3nynHa peabimiTalis, CHOpTUBHA MEAUIMHA : iApy4YHUK / B.B. AOpamoB Ta iH. ; 3a pen. B.B. A6pamoBa Ta iH. /IHITPONIETPOBCHK :
Kypdounn, 2014. 456 c.

®iznyna, peabiniTariifHa Ta ClIOPTUBHA MEIMIIMHA : 301pHUK JIeKil / 3a 3ar. pea. B.O. Manaxosa. Xapkis, 2021. 400 c.

®iznuna, peabiniTarniifHa Ta CHOPTUBHA MEANIMHA : MiIPYIHUK / 3a 3ar. pex. B.M. Cokpyra. Kpamaropcrk : Kamrran, 2019. 480 c.

XpuctoBa T.€., Cyxanosa [.Il. OcHoBH niKyBaabHOI (Pi3HYHOT KYIBTYpH : HaB4aapHUN mociOHUK. Memnitonons : TOB «Komop
[Ipunt», 2015. 172 c.

YacTora TpaBMH TOJIOBH Ta OOIMYYS 3aJI€)KHO BiJl BHIY CIIOPTY, MexaHi3M Ta npodinakruka / €.H. [Ipuctyna ta iH. Kriniuna
xipypais. 2017. Ne 10. C. 70-73.

REFERENCES

Abramov, V.V, Klapchuk, V.V., Nehanevych, O.B., Dziak, H.V., Smyrnova, O.L., Krynytskyi, S.S., Fetysova V.V., Abramov, V.V.
(Ed.)., & Smyrnova, O.L. (Ed.). (2014). Fizychna reabilitatsiia, sportyvna medytsyna [Physical rehabilitation, sports medicine]. Dni-
propetrovsk: Zhurfond [in Ukrainian].

Artamonov, V.S., Barkovskyi, D.E., Ventskivskyi, B.M., Voronin, K.V., Holota, V.Y., Gordeeva, G.D., Yuzko, O.M., & Hrysh-
chenko, V.I. (Ed.). (2003). Hinekolohiia [Gynecology]. Kharkiv: Osnova [in Ukrainian].

Bondarenko, N.P., Burka, O.A., Ventskivska, I.B., Hordieieva, H.D., Huzhevska, 1.V., Vitovskyi, Y.M., Yarotska, I.V., Ventskivskyi, B.M.
(Ed.)., & Stepankivska, H.K. (Ed.)., Lakatosha, V.P. (Ed.). (2012). Hinekolohiia [Gynecology]. Kyiv: VSV “Medicine” [in Ukrainian].

Buchkovska, A., Svystun, Yu., Mahlovanyy, A., Ripetska, O., Renka, M., Hrynovets, 1., & Hrynovets, V. (2017). Physical educa-
tion of youth as a pledge of nation's health. Health problems in Ukraine and Poland. (pp. 68-74). Lviv: Editorial House of the Lviv
Regional Charity Fund «Medicine and Law».

Dobrovolska, N.A., Timchenko, A.S., Golub, V.P., Dobrovolska, N.A. (Ed.), Fedorich, O.V. (Ed.), Timchenko, A.S. (Ed.), &
Radomsky, I.P. (Ed.). (2021). Praktychni aspekty fizychnoi terapii ta erhoterapii [Practical aspects of physical therapy and occupa-
tional therapy]. Kyiv: Helvetica Publishing House [in Ukrainian].

Dugina, L.V., & Kiyko, N.S. (2016). Osoblyvosti zastosuvannia zasobiv likuvalnoi fizychnoi kultury pry zapalnykh zakhvoriu-
vanniakh zhinochykh statevykh orhaniv na sanatornomu etapi [Peculiarities of the use of therapeutic physical culture in inflammatory
diseases of the female genital organs at the sanatorium stage]. Fizychna reabilitatsiia ta rekreatsiino-ozdorovchi tekhnolohii — Physical
rehabilitation and recreational and health technologies, 2, 11-13 [in Ukrainian].

Dugina, L.V., & Lysenko, K.O. (2016). Osoblyvosti zastosuvannia zasobiv likuvalnoi fizychnoi kultury pid chas vahitnosti [Pecu-
liarities of the use of therapeutic physical culture during pregnancy]. Fizychna reabilitatsiia ta rekreatsiino-ozdorovchi tekhnolohii —
Physical rehabilitation and recreational and health technologies, 2, 14—16 [in Ukrainian].

Guzii, O., Mahlovanyy, A., Romanchuk, A., & Trach, V. (2019). Vplyv trenuvalnoho navantazhennia na orhanizm sportsmeniv
[Influence of training load on athletes’ body]|. Naukovyi chasopys Natsionalnoho pedahohichnoho universytetu imeni M. P. Draho-
manova. Seriia 15: naukovo-pedahohichni problemy fizychnoi kultury (fizychna kultura i sport) — Scientific journal National Peda-
gogical Dragomanov University. Series 15: «scientific and pedagogical problems of physical culture (physical culture and sportsy), 4
(112), 17-23 [in Ukrainian].

Hotra, Z., Mahlovanyy, A., Mykytyuk, Z., Barylo, H., Vistak, M., Kremer, 1., Politanskyi, R. (2019, May) Schematic Realization of
Flexible Algorithm in Treatment Diagnostic Devices. Materials of the XVth International Conference on the Perspective Technologies
and Methods in MEMS Design (MEMSTECH). (pp. 140—143). village Polyana (Ukraine). DOI: 10.1109/MEMSTECH.2019.8817378.

Hryshchenko, V.I., Shcherbyna, M.O., Ventskivskyi, B.M., Kaminskyi, V.V., Markin, L.B., Potapova, L.V., Hryshchenko, M.H.
(2017). Hinekolohiia [Gynecology]. In Hryshchenko, V.I. (Ed.), & Shcherbyna, M.O. (Ed.). Akusherstvo i hinekolohiia — Obstetrics
and gynecology (Book 2). Kyiv: VSV «Mediciney [in Ukrainian].

Khrystova, T.E., & Sukhanova, G.P. (2015). Osnovy likuvalnoi fizychnoi kultury [Fundamentals of medical physical culture].
Melitopol: Color Print LLC [in Ukrainian].

Khvysiuk, O.M., Marchenko, V.G., Malakhov, V.O., Kosheleva, G.M., Petrenko, V.Yu., Fedorenko, N.O., & Yakovlev, G. . (2021).
Kerivnytstvo z nemedykamentoznykh metodiv vidnovliuvalnoi medytsyny [Guide to non-medicinal methods of restorative medicine].
Sumy: Yaroslavna [in Ukrainian].

Kirichenko, I., Prisyazhniuk, Y., Kirichenko, O., Kirichenko, L., & Gorpinyak, A. (2013). Otsinka efektyvnosti kompleksu fizych-
noi reabilitatsii u vahitnykh zhinok u II-III trymestrakh na podalshyi perebih vahitnosti y polohiv [Estimation of the effectiveness
of physical rehabilitation complex among pregnant women in II-III trimester on further pregnancy flow and childbirth]. Fizychne
vykhovannia, sport i kultura zdorovia u suchasnomu suspilstvi — Physical Education, Sport and Health Culture in Modern Society, 1,
285-288 [in Ukrainian].

Kuzan, M.M., Mahlovanyi, A.V., & Butov, R.S. (2019). Analiz vykhidnykh pokaznykiv stanu zdorov'ia khvorykh na sechokami-
anu khvorobu [Analysis of baseline indicators of the state of health of patients with urolithiasis]. Naukovyi chasopys Natsionalnoho
pedahohichnoho universytetu imeni M. P. Drahomanova. Seriia 15: naukovo-pedahohichni problemy fizychnoi kultury (fizychna kul-
tura i sport) — Scientific journal National Pedagogical Dragomanov University. Series 15: «scientific and pedagogical problems of
physical culture (physical culture and sportsy), 5K (113), 181-184 [in Ukrainian].

Kuzan, M., Mahlovanyy, A., & Trofimenko, 1. (2016). Obgruntuvannia spetsialno-adaptovanoho kompleksu likuvalnoi himnas-
tyky dlia khvorykh na sechokamianu khvorobu pry shchadnomu rukhovomu rezhymi [Justification of a specially adapted complex of
medical gymnastics for patients with urolithiasis with a gentle movement regime]. Fizychne vykhovannia, sport i kultura zdorovia u
suchasnomu suspilstvi — Physical Education, Sport and Health Culture in Modern Society, 3(35), 78-84 [in Ukrainian].

Likhachov, V.K., Dobrovolska, L.M., Semeniuk, L.M., & Yaremchuk, L.V. (2014). Akusherstvo i hinekolohiia [Obstetrics and
gynecology]. Poltava: Dyvosvit [in Ukrainian].

Magowan, B.A., Owen, F., Thomson, E. & Shcherbyna, M. (Ed.). (2021). Klinichne akusherstvo ta hinekolohiia [Clinical obstet-
rics and gynecology] (translation of the 4th English edition). Kyiv: VSV «Medicine» [in Ukrainian].

- 78 ®itotepanis. Yaconuc Ne 2, 2024



®disuyHa Tepania. EproTepania. Auckycii

Mahlovanyy, A.V., & Kunynets, O. (2017). Kontseptualna osnova podannia zdorovia liudyny, yak systemy [The conceptual basis
for presenting health of human as a system). Reabilitatsiini ta fizkulturno-rekreatsiini aspekty rozvytku liudyny — Rehabilitation and
physical culture and recreational aspects of human development, 2, 38—44 [in Ukrainian].

Mahlovanyy, A.V., Hrynovets, V.S., Kuninets, O.B., Chervinska, L.O., Hrynovets, 1.S., Mahlovana, G.M., Hysyk M.V. (2019).
Bases of physical rehabilitation in medicine. Lviv.

Mahlovanyy, A. V., Kunynets, O.B., Khomyshyn, V.P., & Hrynovets, V.S. (2019). Kompleksna otsinka kardiorehuliatsii za poka-
znykamy matematychnoho analizu kardiorytmu [Complex assessment of cardioregulation according to indicators of mathematical
analysis of cardiorhythm]. Fiziolohichnyi zhurnal, 65 (3S), 151 [in Ukrainian].

Mahlovanyy, A., Mukhin, V., & Mahlovana, H. (2006). Osnovy fizychnoi reabilitatsii [Fundamentals of physical rehabilitation].
Lviv [in Ukrainian].

Malakhov, V.O. (Ed.). (2021). Fizychna, reabilitatsiina ta sportyvna medytsyna [Physical, rehabilitation and sports medicine].
Kharkiv [in Ukrainian].

Mellina, I.M. (2012). Hipertonichna khvoroba i vahitnist: osnovni klinichni pytannia [Hypertensive disease and pregnancy: basic
clinical issues]. Praktychna anhiolohiia — Practical angiology, 7-8, 56—57 [in Ukrainian].

Mitiukov, V.A., Knyazeva, N.V., Grebelna, N.V., Zakrevskyi, O.P., Tsyba, 1.V., Noreiko, S.B., Pysarenko, P.M. (2012). Osoblyvosti
zahalnoho stanu zdorovia ta reproduktyvnoi funktsii vahitnykh zhinok z vysokym indeksom masy tila ta ozhyrinniam [Features of
the general state of health and reproductive function of pregnant women with a high body mass index and obesity]. Medyko-sotsialni
problemy rodyny — Medical and social problems of the family, 1, 18-29.

Mukhin, V.M. (2009). Fizychna reabilitatsiia [Physical rehabilitation]. Kyiv: Olympic Literature [in Ukrainian].

Pankevych, V., Kovtunak, O., Avetikov, D., Mahlovanyy, A., & Matolych, U. (2017, May). Experience of using self-constructed
device for active-passive mechanical therapy of jaws in the treatment of athletes with post-traumatic contracture of masticatory mus-
cles. Materials the 9th Congress of the Baltic Association for Maxillofacial and Plastic Surgery. (p. 25). Tartu.

Petrov, V.G., Polkovnyk-Markova, V.S., & Sachko, A.V. (2016). Kompleksna fizychna reabilitatsiia v period vahitnosti [Complex
physical rehabilitation during pregnancy]. Fizychna reabilitatsiia ta rekreatsiino-ozdorovchi tekhnolohii — Physical rehabilitation and
recreational and health technologies, 2, 5456 [in Ukrainian].

Polianska, O.S., Amelina, T.M., Klapchuk, V.V. (Ed.). & Polianska, O.S. (Ed.). (2011). Osnovy reabilitatsii, likuvalnoi fizych-
noi kultury, fizioterapii, masazhu [Basics of rehabilitation, therapeutic physical culture, physiotherapy, massage]. Chernivtsi: Prut
[in Ukrainian].

Prystupa, E.N., Mahlovanyy, A.V., Avetikov, D.S., Pankevych, V.V, & Ushtan, S.V. (2017). Chastota travmy holovy ta oblychchia
zalezhno vid vydu sportu, mekhanizm ta profilaktyka [The head and face trauma rate, depending on kind of sport, mechanism and
prophylaxis]. Klinichna khirurhiia — Clinical surgery, 10, 7073 [in Ukrainian].

Rudenko, R. Mahlovanyy, A., Shuyan, O., & Prystupa, T. (2015). Integrated comparative monitoring of physical rehabilitation of
the athlete’ body with disabilities. Annals of Science and Education, 2 (22), 610-618.

Sokolovskyi, V.S., Romanova, N.O., & Yushkovska, O.H. (2005). Likuvalna fizychna kultura [Therapeutic physical culture].
Odesa [in Ukrainian].

Sokrut, V.M., Sinyachenko, O.V., Sokrut, O.P., Mysula, I.R., Alekseeva, L.A., Syabrenko, H.P., Popov, V.M., & Sokrut, V.M. (Ed.).
(2019). Fizychna, reabilitatsiina ta sportyvna medytsyna [Physical, rehabilitation and sports medicine]. Kramatorsk: Kashtan LLC
[in Ukrainian].

Yeromina, O.L., & Kotova, L.1. (2005). Therapeutic physical education [Therapeutic physical education]. Poltava [in Ukrainian].

Zaporozhan, V.M., Vovk, 1.B., Hordienko, I. ., Dubchak, A.E., Ivaniuta, L.I., Kornatska, A.G., Chubey H.V. (2014). Neopera-
tyvna hinekolohiia [Non-operative gynecology]. In Zaporozhan, V. M. (Ed.). Akusherstvo i hinekolohiia — Obstetrics and gynecology
(Vol. 3). Kyiv: VSV «Mediciney [in Ukrainian].

Zharkikh, A.V., Krut, Yu.Y., Siusiuka, V.H., & Panasiuk, D.V. (2016). Alhorytmy dii likaria pry nevidkladnykh stanakh v akush-
erstvi ta hinekolohii [Algorithms of the doctor's actions in case of emergency conditions in obstetrics and gynecology]. Zaporizhzhia:
ZDMU [in Ukrainian].

Cmammas naoitiwna 0o peoaxyii 09.05.2024.
Cmamms npuiinama 00 opyky 24.05.2024.

KonduikT inTepeciB: BincyTHiii.

Buecok aBTOpiB:

Pubak B. — xoHmemnmis i Au3aitH 10CIiKeHHS,
Tamo:kancbka I. — penaryBaHHs Ta 3aTBep/KSHHS;
Tl'amamxo B. — 30upanus mMarepiaiy;
Kononenko H. — anani3 miteparypu;
JIntBuHeHko I. — HanucaHHA TEKCTY;
MsTura O. — aHai3 JIiTepaTypu;

Kou H. — opopmienns crarrti;

Awnnpioxin [l. — 30upanHs marepiaiy;
Cadponos /I. — 30upanHs Marepiaiy.

EjexTpoHHa ajpeca sl THCTYBAHHSI 3 AaBTOPaMHU:
viktoriarybak2@gmail.com

®ditorepanis. Yaconnc Ne 2, 2024 79 ==



®disuyHa Tepania. EproTepania. Auckycii

VIK 616-005.2+616.831-005+615.825

Onekcanop BOPOHbKOB

acnipanm xaghedpu pizuunoi mepanii ma epeomepanii, Hayionanvuuil yHieepcumem @Qizuunoco 6ux08aHHs i
cnopmy Yrpainu, eyn. @iskynemypu, 1, m. Kuis, Yxpaina, 02000 (sasha_voronkov@ukr.net)

ORCID: 0009-0004-5489-7770

Pumma BAHHIKOBA

KaHouoam MeOudHux Hayk, ooyenm kagheopu gizuunoi mepanii ma epeomepanii, Hayionansnuti yHieepcumem
Qizuunozosuxosannsicnopmy Yxpainu, eyn. Qiskynemypu, 1,m. Kuis, Yrpaina, 02000 (rymma.bannikova@gmail.com)
ORCID: 0009-0005-9729-2058

Bioaiorpagiunuii onmuc crarrti: BoponskoB O., bannikoBa P. (2024). BHCOKOIHTEHCHUBHE TpEHYBaHHS SIK
3aci0 ¢izuuHOl Tepamii MpU TOCTPOMY MHOPYIIEHHI MO3KOBOTO KpoBooOiry. @imomepania. Yaconuc, 2, 80-85,
doi: https://doi.org/10.32782/2522-9680-2024-2-80

BUCOKOIHTEHCUBHE TPEHYBAHHS SIK 3ACIB ®I13UYHOI TEPAIIIL
NPUTOCTPOMY INIOPYHIEHHI MO3KOBOI'O KPOBOOBIT'Y

Axmyansnicme. B Vipaiui piuna KinbKicmb nepsuHHUX 20CmMpux nopyutenb mo3ko020 kpoeoobiey (I'TIMK) cmanosums 6invie Hidic
111 mucsiu, a noxkasnuxu vacmomu 3axeopioganisi é 1,5-2 pasu nepesuwyyioms cepeonvocgimosi. 60% ocio, wo nepeneciu I TIMK, marome cmitixi
nesponoeiuni nopyutenns, 23% nompedyroms nocmitinoi cmopohnvoi donomoau. Boonouac possumok cyuacnux mexnonoeii oae amocy niosu-
wumu SIKICnb GIOHOBHO20 JIIKYEAHHS MA Peabiiimayii | 3HAUHO 3MEHWUMU M2ap GaAmatbHUX YCKIaoHeHb. Bionoenenns 30amuocmi xooumu
€ 0cHoBHOoI Memoio peabinimayii xeopux Ha I TIMK. Bucoxoinmencuene inmepsanvhe mpenyeanns (BIT) sapas yeastcaemovcs 6azamoobiysaioyuoio
cmpamezi€elo NOKpawjeH s i BIOHOBNEHHsL PYX08ux (hyHKYiLL 6 ocib niciia nepenecenozo 1 TIMK, nisc 3aeansHonpuiinama @izuyna mepanis.

Mema oocnioxncenna. Oyinio6anns 6niugy eqreKmueHoOCmi 3acmocy8anHts BUCOKOIHMEHCUBHO20 MPEHYBAHHS 8 KOMNIIEKCI 3aco0is
¢hizuunoi mepanii Ha weUOKIicMb 8IOHOBIEHHS X00boU nicis nepenecenoco I TIMK 6 pantubomy 6i0HO8HOMY nepiooi.

Mamepian i memoou. Bubip memooie 00CHiONCEHHSL 3YMOBIEHO 3A60AHHAMU OOCTIONCEHHS, MEMOOON0IUHUM NiOX00oM 3a MidxcHa-
poouor kracughixayicio gyuxkyionysanua (MK®D) i mamepianvhum 3abesneueHnam Kainiynoi oasu. Cmynine @yHKYIOHATbHOT 371eXCHO-
cmi nayienmie oyiHIBaNU 3a 00NOMO20t0 MOOUgixosanoi wikanu Penkina. E¢hexmusnicmo 3acmocysanns 4-muoicnesux BIT oyintosanu 3a
donomoezoio mecmis. mecny x00bou Ha 10 mempie (015 6USHAUEHHA MAKCUMANLHOT WIBUOKOCIT X00b0U) § mecmy 6-xeununHoi xo0bou (014
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30amuocmi 0o nepecyeanns, wo noKpawye dcumms nayicumie, axi nepenecau I'TIMK.

Bucrnosok. Jlocnioscenns sussuno, wo BIT y paunvomy 6ioH08HOMY nepiodi Modice 6ymu egpekmusHUM y KOpeKyii pyxo6oi (pyHKyii
HUICHIX KIHYIBOK, o oae niocmagy pexomenoysamu 3acmocysanns BIT y cucmemi peabinimayii xeopux, saxi nepenecau I'TIMK.
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HIGH-INTENSITY TRAINING AS ATOOL OF PHYSICAL THERAPY
IN ACUTE CEREBRAL BLOOD CIRCULATION DISORDERS

Actuality. In Ukraine, the annual number of primary acute cerebrovascular disorders (ONMC) is more than 111,000, and the
frequency of the disease is 1.5-2 times higher than the world average. 60% of people who have suffered from ONMC have permanent
neurological disorders, 23% need permanent external assistance. At the same time, the development of modern technologies makes it
possible to improve the quality of restorative treatment and rehabilitation and significantly reduce the burden of fatal complications.
Restoring the ability to walk is the main goal of rehabilitation of patients with ONMC. High-intensity interval training (HIIT) is
now considered a more promising strategy for improving and restoring motor function in individuals after ONMC than conventional
physical therapy.

Evaluation of the effectiveness of the application of high-intensity training in a complex of physical therapy tools on the speed of
recovery of walking after the transferred ONMC in the early recovery period.

Material and methods. The choice of research methods is determined by the tasks of the research, the methodological approach
according to the International Classification of Functioning (ICF) and the material support of the clinical base. Assessment of the
degree of functional dependence of patients was determined using the modified Rankin scale. The evaluation of the effectiveness of the
application of 4-week HIIT was carried out using tests: the 10-meter walking test (to determine the maximum walking speed) and the
6-minute walking test (to determine the distance and endurance). The analysis of walking indicators at the initial and final stages of the
study was carried out using TYROSTATION PABLO. The method of mathematical statistics was used to assess clinical effectiveness.

Research results. The results of the study indicate that the use of HIIT in the physical therapy program significantly improves
walking performance compared to physical therapy generally accepted in clinical practice. The use of HIIT (high-intensity walking
on a treadmill) significantly increased walking speed, cadence and stride length due to the performance of key points in the Terminal
Stance, Terminal Swing phases. This technique is completely new for our country and needs further clarifications, additions and
research. Nevertheless, the results obtained against the background of the use of HIIT as a means of physical therapy in the early
recovery period give reason to claim that it is one of the promising directions for restoring impaired motor functions, increasing

stability, speed and mobility of walking, thus improving the life of patients after a ONMC.
Conclusion. The conducted study showed that HIIT in the early recovery period can be effective in correcting the motor function of
the lower limbs, which gives reason to recommend the use of HIIT in the rehabilitation system of patients who have undergone ONMC.
Key words: acute violation of cerebral circulation, physical therapy, high-intensity training.

Beryn. AxryanbHicTb. [ocTpe mopyiieHHsS MO3-
koBOTO KpoBooOiry (nani — ['TIMK) € HaiiBa)kuBimoro
poOJIEMOI0 OXOPOHM 3[0pOB’S B 0ararbox KpaiHax
CBITY, IPyTOIO MPOBITHOK MPUYHNHOK 3aXBOPIOBAHOCTI
W CMEpTHOCTi, TPETHOIO MPOBITHOIO MPUUYMHOIO iHBA-
migHocTi B ycbomy cBiti (Donkor, 2018; Johnson,
Onuma, et al.,2016; Pandian, Sebastian, et al., 2020).
Jlesiki 3aKOpIOHHI JIOCHIJDKEHHSI BKa3ylOTh Ha Te, IO
Tarap [ TIMK B kpainax i3 HU3bKUM 1 CEpeIHIM JI0X0JI0M
BHIIHH, HIK Y KpaiHax i3 BUCOKUM PiBHEM JIOXOJTY, 1 IIeH
PO3pHB 3 KOXKHUM POKOM 30imbIryeThes (Jacob, Ekker, et
al., 2021; Pandian, Sebastian, et al., 2020). V 3araibHo-
cBiToBUX MacuTabax nomupeHicts I'TIMK craHoBuTh
Ha kokH1 100 Tucsy nvacenenns Big 100 no 300 Buman-
KiB, T0OTO Onu3bko 16 MiIH BumaakiB Ha pik. B Ykpaini
piuna xinbKicTh neppuHHUX [ TIMK cTanoBuTh OiybIne
HiX 111 THCSY, TOKAa3HMKH YacTOTH 3aXBOPIOBAHHSA
B 1,5-2 pasu nepeBHINyOTh CEPeIHBOCBITOBI, a CMEPT-
HICTh Y 2—3 pa3u BHILA, HIX Yy PO3BUHEHHX KpaiHax.
VY Gararpox oci0, mo nepenecnn ['TIMK, y panHbOMY
nepioi poO3BHBAIOTHCS PI3HI MOPYLIEHHS, Cepel] SIKUX
HalTsoKui pyxoBi. [licns nepenecenoro ['TIMK 20-40%
CTAIOTh JIIOIABMHU 3 OOMEXKEHUMHU MOMIIUBOCTSIMH, a 10
mpari noBepTaroTses aume 10-20% xBopux. Tomy Bia-
HOBJICHHSI 3/IaTHOCTI XOJUTH € OCHOBHOIO METOIO
(hi3umuHOI Teparrii XBOpHX 13 HACHIIKAMU ITEPEHECEHOTO
I'TIMK. HocsiruenHs Oe3rne4yHoi, He3ane:KHOT Ta edek-
THUBHOI XOJIBOW € MPIOPUTETOM JUIS THUX, XTO TIEPEHIC

®diroTepanis. Yaconuc

IHCYJIBT, 00 3a0e3MeUUTH SKICTh JKUTTS Ta 370POB’S
B MaiiOyTHOMY.

Joseneno, 1o (hi3uyHa aKTUBHICTb € KOPUCHOIO JIJIs
nepuHHOI Tpodinakruku [ TIMK (Boyne, Scholl, et al.,
2016). BogHouac € MOOMWHOKI, OJTHAK BaroMi JIOKas3w
TOTO, 10 (i3WYHI BIPABU 1 TPEHYBaHHS 3 MMOBTOPIOBA-
HUMH 3aBIaHHAMHU MOKpaLIyloTh (izuuny dopmy, piB-
HOBAry ¥ 3J1aTHICTB JIO XOJ0U 0CI0 MiCIIs TEPEeHECEHOTO
I'TIMK (Pollock, Baer, et al. 2014). Kpim Toro, yyactb
y (i3udHIN aKTUBHOCTI MOXE MPU3BECTH JIO 3HIKCHHS
pusuky mnoBropHoro iHcynery (Howard, McDonnell,
2016) 1 mocwimTH (YHKIIOHAJIBHE BiTHOBICHHS
(Kramer, Hung, Brodtmann, 2019), mo, y cBoro uepry,
MOYXE TPU3BECTH JO OUIBIIOI 3MaTHOCTI BUKOHYBaTH
MOBCSIKACHHI Mii Ta MEHIIOI 3aJIEXKHOCTI BiJ CUCTEMHU
OXOPOHH 3JIOpOB’s. SIKIIO TMOPIBHATH KIIBKICTh KpO-
KiB, IPOHICHUX 3a JICHb, TO JIITHI JIFOAH, SIKI IEPEHECIH
I'TIMK, y cepenapomy OyayTs pobutu Ha 79% MeHIIe
KpokiB, HiX iTHI jroau 0e3 I'TIMK (1536-3035 npotu
7250 KpOKiB/JIeHb ), 1110 3HAYHO HIIKUE 32 «IHIACKC CUJIS-
yoro criocoOy xutTs» (5000 kpokis/nens) (Robinson,
Matsuda, et al., 2013).

Bcecithst opranizaiiss oxoponu 310poB’st (BOO3)
HUHI peKOMeHaye aepoOHI TpeHyBaHHS JUIs 0ci0, sKi
nepereciu ['TIMK, npunaiiMui 3 AHI Ha THXXJIEHB TI0
20—60 XBHJIMH 3a CeaHC 3aJeKHO Bifl (QYHKIIIOHAIBHUX
MOYIMBOCTEH JIIOIUHY 1 TPEHYBaHHS 3 OMIOPOM 2—3 JHi
Ha TIKICHB 13 MIJITOCTPUM 1 XPOHIYHUM MOPYIICHHIM
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MO3KOBOTO KpoBooOiry. [Ipore B OkpeMHX JOCIiIKEeH-
HSIX BHSBJICHO, IO Yac, BUTPAYCHUI HAa BHKOHAHHS
¢i3n4HOl aKTUBHOCTI W y4acTh y 3arajibHONPHUHATIN
¢izuuHIi Tepamii B 0ci0 13 MIATOCTPUM 1 XPOHIYHUM
HOPYIICHHSM MO3KOBOTO KPOBOOOITY, 3HaUHO HIKYHH
3a 111 onTuMabHi piBHI (Sjoholm, Skarin, et al., 2014).
Ocobwu, sixi nepenecnu I'TIMK, ocoOnnBo cxuibHi 70
BIJICYTHOCTI (DI3UYHOT AKTUBHOCTI ¥ MaJIOPyXJIMBOTO
cnocoOy >KHUTTS, HaBiTh HAa TOCTPUX CTaMifAX Mia 4Yac
nepeOyBaHHs B CTaI[lOHApl Yepe3 3aJUIIKOBI (i3WdHi
BaJIM, TaKi IK: 3HIDKCHHS PyXJIMBOCTI, TOTaHa piBHOBAara
Ta M’s30Ba ciadkicte (Morris, McFarlane, et al., 2014;
Marzolini, Robertson, et al., 2019). Takum uriHOM, CTBO-
PIOETHCS TMOPOYHE KOJIO BIJACYTHOCTI (Di3MYHOI AKTHB-
HOCTI, A€ I MaJOpyXJHBa IIOBEIIHKA ITOTEHIIHHO
BIUIMBAE€ HA PYXOBE BiTHOBJICHHS, 30UIBIIYE MOIAIBIIY
M’S130BY CIAOKICTh 1 3yMOBIIIOE JOBIOCTPOKOBHH PU3UK
noeropHoro I'TIMK Ta cepueBux monii (Mellow,
Goldsworthy, et al., 2020).

®di3uyHI BIOpaBH MAarOTh YHUCICHHI TMepeBard Jyis
KapAiopecHipaTopHoi CHCTEMHM SIK Yy 3I0pPOBHX, Tak
1 B KIIHIYHUX TOMYNISAMISX. Y ASSIKHUX JTOCHIHKEHHIX
BUSIBIICHO, 1110 (hi3MUHI BIIpaBH 301IBIIYIOTH HEHpOILIac-
THYHICTh, 10 TPU3BOIUTH 10 (QYHKIIIOHAIBHUX TOKpa-
nienb MoTopHuX (Cassilhas, de Mello, et al., 2016) i kor-
HiTUBHUX 31i0HOcTel (Petzinger, Fisher, et al., 2013).
TakuM YMHOM, PO3YMHO MPHITYCTUTH, MO-TIEPIIE, M0
(bi3u4HI BIpaBH MOKHA BHKOPHCTOBYBATH SIK JKHTTE3-
JIaTHY CTparerito HeipopealOimiTallii Ayt BUIIPABICHHS
MOBEIIHKOBUX 200 (PYHKI[IOHAJIBHHUX HACIIJKIB, TIOB’s-
3aHUX 13 HEHpoJeTeHepaTHBHUMHU po3nagamu (Mang,
Campbell, et al., 2013) a6o Hacmiakamu ['TIMK (Moore,
Boyne, et al., 2022); mo-apyre, MepeBipUTH TilOTE3Y,
10 BUKOPUCTAHHS BUCOKOIHTCHCHBHOTO IHTEPBAIHLHOTO
TpenyBaHHs (gani — BIT) y nporpami ¢isuuHoi Tepamii
MaTHMe 3Ha4YHI MepeBark y BiIHOBJICHHI Ta MOKPANICHHI
XOJp0M TOPIBHSIHO i3 3arajbHONPHHHATOI (Hi3HIHOIO
Tepariero.

PoGoTy BUKOHAHO BiJIMOBIIHO /IO TUIAHY HAYKOBO-/10-
cimigHoi pobotn HarioHanbHOro yHiBepcUTETY (hi3nd-
HOTO BUXOBaHHA 1 criopTy Ykpainu Ha 2021-2025 pp. 3a
TeMoro 4.2 «BinHoBneHHS (QYHKIIIOHATBHUX MOMKJTHBO-
CTEM, MISIBHOCTI Ta y4yacTi 0ci® pi3HUX HO30JIOTTYHUX,
npoheciiHUX Ta BIKOBUX TPyI» (HOMEp JAepiKpeecTparii
0121U107926).

MeTa A0CTiKEHHSI — OIIHIOBAHHS BIUTUBY €(eK-
THUBHOCTI 3aCTOCYBaHHS BHCOKOIHTEHCHBHOTO TPEHY-
BaHHS B KOMILJIEKCI 3ac00iB (pi3UUHOT Teparii Ha IIBH/I-
KiCTh BiJITHOBJICHHS X0/p0u micis nepenecenoro ['TIMK
B PAHHBOMY BIJTHOBHOMY IEPiOJi.

Marepiaau Ta MeToau aocaixkenHs. Pobora BuKo-
HaHa Ha 0a3l HEBPOJIOTIYHOTO LEHTPY YHiBEPCaTbHOL
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kiiHikK «O0epir» M. Kuea. Y KOHCTaTyBaJIbHOMY €KC-
MEPUMEHTI B3sUTH y4acTh 16 ocib i3 giarno3om ['TIMK.
OCHOBHMM KpHTepieM BifgOopy Oyna TaBHICTH 3aXBO-
PIOBaHHS Bijl OJHOTO JIO TPHOX MICSIIB IICJIs MepeHe-
cenoro I'TIMK. Kpim Toro, anst yuacti motpiben OyB
JTO3BLI JIIKapsi, BIAMOBITAILHOTO 32 MAIlIEHTa, & TAKOX
OIIHIOBAHHS CTYNEHs (DyHKIIIOHAIBHOT 3aJICKHOCTI Bij
0-3 GautiB 32 MOIU(IKOBAHO MIKAJIOK PeHkiHa.

Kpurepissmu BUKITIOUEHHSI Oynn HeCcTaOlIbHI ceplieBi
3aXBOPIOBAHHS (ITOPYIICHHS PUTMIB CEpIIs, TOPOK KIla-
MaHa aopTH), MOTAaHO KOHTPOJBOBAHUII apTepianbHUN
THCK y craHi crnokoro (>180/100). Po3spobieny mpo-
rpamy (izndHOi Teparii 3 BUKOPUCTAHHSIM 4-THXKHEBOTO
BHCOKOITHTEHCUBHOTO TPECHYBAaHHS Ha OIroBid TOpiXKIN
1o 60 XBUJIMH Ha JIEHb peaTi30BaHO 32 y4acTi MAaI[iEHTIB
ocHoBHOI rpymH (OI') (n=8), a 3araabHONPUNHHATY B KJIi-
HiYHil npakTHLli mporpamy (isuyHOi Tepamnii — 3a yJacTi
narienTiB rpynu nopieasaas (I'T1) (n=8). KoxxHe Tpeny-
BaHHS TIOYMHAJIOCS 3 BUMIPIOBaHHS 4aCTOTH CEPLEBUX
ckopoueHsb (nam — YCC) 1 10-XBHIMHHOT PO3MUHKH TSI
30inbpmeHHst YCC, o6 HaOIM3UTHCS 10 1HIUBIyaIbHO
po3paxoBaHOi 30HM IHTCHCHUBHOCTI TpeHyBaHb. [Ipo-
rpama BIT na 6iroBiif gopixui TpuBana 10 30 XBUIMH
i Bimodana 4-xBHIWHHI iHTepBaym mpu 70-80% Bin
MaKCHMAaJIbHOI YaCTOTH CEPIIEBHX CKOPOYEHb (mami —
MUCC), sixi po3aisieHi 4 XBUJIMHAMU aKTHBHOI TIEPEPBH
(3HDKEHHSI IHTeHCUBHOCTI X0/IbOM Ha OIroBii JOpiXKIIi)
npu YCC 50-60% Bigx MUCC. 10 XBHIHH BHTpadain
Ha 3aMUHKY JUTs BiiHOBIEeHHs nodaTkoBoro YCC nepen
TpPEeHYBaHHsSIM. |HTCHCHUBHICTh BIJICTE)KYBalN 3a JIOIIO-
Mororo mynbcoMeTpiB. Tpenysansay UCC po3paxoBy-
BajM 3a (opmynor Kaponena (TpenysanbHa YUCC =
koedimieHT inTeHcuBHOCTI (%) X [MUCC— UCC cmo-
koo ] + UCC crokoro).

3a JIOTIOMOTOI0 CHELiaNbHOTO EeKpaHy Ha Oirosiit
JIOPIKIN 3MIHIOBAJIM TOKAa3HUKH IIBHIKOCTI ¥ HaXWIY,
mo6 miarpumysatu YCC y 30Hi TpenyBanHs. LlinboBa
9acTOTa TPCHYBAaHb CTAHOBWJIA 3 3aHSTTS HA THKICHB
3 OAHUM JHEM BIJNOYMHKY MiX TpeHyBaHHSIMHU. KoH-
TPOJb aprepiadbHOro THUCKY (mam — AT) mpoBoamiu
nepen i micns ceancy BIT na 6iroBiit qopixkimi.

[1ix yac TpeHyBaHHS JOCITIKYBaHI MalllEHTH BUKO-
PHCTOBYBaNu CBOi 3BHUaiHI opTe3u. [T mocmiKy-
BaHUX i3 16 Manu CBOI OpTE3H, TPU — OpTE3u (QipMH
Orliman Boxia ABOl, nBa — iHmuBiAyaibHI OpTE3H
YKopctroro Tuny AFO rpynu A 3a anropuTMoMm migdoopy
opre3iB (RANCHO R.O.A.D.M.A.P.). Ilix yac xons0m
Ha OIroBid JOPDXKII MalieHTH OyJaM OCHAIEHI peme-
HSIMU, SK1 i €IHaH1 10 CUCTEMHU OIMOPHU HaJ| TOJIOBOIO
UL 3aXWCTY BII MaIiHHSA, a TaKOX BHKOPHUCTOBYBAJH
MOpY4Hi Ui MiATPUMKH piBHOBaru. dizudnHnii Tepa-
MEeBT 3a0e3leuyBaB OXOpPOHY, IIO0 YHHUKHYTH IaiHb
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a60 TpaBM. KomHOT JONIOMOTH 4H MMiJIKA30K JUIS MOKpa-
HICHHS MOJIETI XOIH JOCTIKyBaHUM HE Ha/IaBaIIH.

SAxmio nin vac ceancy BIT Ha 6iroBiid gopixii Bina-
OyBaJyoCs MIOCH i3 HABEIEHOTO HIKYE, TPCHYBAaHHS IPH-
3yNUHSUN (X04a TaiiMep MpoaOBXKyBaBcs), a (i3HIHHHA
TEpareBT BHUPINIyBaB IOUUIBHICT JOCTPOKOBOTO IIPH-
NUHEHHS 200 MOBIOMIICHHS JIiKapsi:

— 11osiBa 0OJIIO;

— noctiitHe nepesunienns MUYCC;

— TpyaHoIi 3 MoHiTopuHroM YCC;

— TIPOXaHHS A0 CIIKYBaHOTO TIPO TEPEPBY.

SIKIo mig yac TpeHyBaJbHOTO CEaHCy BiIOyBaJIOCsS
HI0Ch 13 HABEJICHOTO HW)KYE, CEaHC MPUITHHSBCS, JiKaps
JIOCITI/PKYBAHOTO MAIliEHTa MOBIIOMIISUTA W BUPIILITYBaJIH
NUTaHHS PO BUITyYCHHS MAlLli€HTa 3 TOCIIHKSHHS:

—3awKeHHs AT Ha >10 MM PT. CT. HIDKYE PIBHS CITOKOIO;

— TiNepTOHIYHA BIAMOBiAb i3 CHCTONIYHMM apTepi-
AIBHAM THUCKOM >240 MM PT. CT. 1 IIaCTOJIIYHUM apTepi-
aJIbHUM THCKOM >110 MM PT. CT.;

— Oitb y TpyIsiX a00 Hamaj CTeHOKapIii;

— CHJIbHA BTOMA a00 3a/IMIIIKA, 1110 IEPEBUIILYE OUIKY-
BaHe BiJI (DI3MYHOTO HABAHTAKCHHS;

— cepiio3Ha TpaBMma;

— IOsIBa HOBUX HEBPOJIOTIYHUX CHMITOMIB.

[lepBrHHE OOCTEXKCHHS TAIIEHTIB MPOBOIWIM Ha
JOpYTHA ACHB IiCIIT HAIXOIKSHHS B CTAI[lOHAP, a i ICYM-
KOBe — uepe3 4 TIDKHI Mmicys mpoBeaeHoi Teparii. Tect
6-XBIJIMHHOI XOABOM BHKOPHCTOBYBAIU MJISI OILIHIO-
BaHHs BUTPHBAJIOCTI i BifacTaHi xoap0u oci6 3 [TIMK.
[lix gac MpoBEeNEHHSI TECTy BHKOPHCTOBYBAIN KOHYCH,
SIKi PO3TalIOBYBanucs Ha Biactani 30 MeTpiB OAUH BiA
OIHOTO, TOTPUMYIOUUCH IIPOTOKOITY TIPOBEACHHS TECTY.
MaxcumanpHy HIBHKICTh X050 BUMIPIOBAIIH 32 JIOTIO-
MOTOI0 TecTy Xoap0u Ha 10 meTpiB. [y aHai3y BHKO-
PHCTOBYBAIM CEpEAHii 4ac y MeTpax Ha CeKyHAay (M/c)
13 JIBOX crpo0. AHaJi3 X0Jb0U MPOBOJMIM 32 JOMOMO-
roro cucremu aardukis TYROSTATION PABLO, ski
KPIMWJIKCS HA CTOIH JTOCIIKYBAHUX 1 TIepeIaBajiy qaHi
yepe3 cucteMy Bluetooth Ha ocHOBHHMIT KOMIT TOTED.

Pe3yabraT A0CTiKeHHST T IX 00rOBOpeHHsI. Yci
16 mocmimkyBanux Oymu donoBiku. Cepenniii Bik OI
ctanoBuB 50,2+5,9 1 50,9+6,8 pokis B I'T1. ITicas 4 Thx-
HiB BIT (12 ceanciB) nanieatn OI" mokpamuim aucTan-
Li10, TIPONACHY 3a TECTOM O-XBWJIMHHOI XOABOH, MOPIB-
HsHO 3 I'I1 31 3Ha4HNM OdiKyBaHUM e(heKTOM Teparii Ha
xopuctb OI' micnsa TectyBanus (p<0,05). Cepeanbo-
CTAaTHUCTUYHHUN TOKa3HUK Cepejl MAIiEHTIB Ha MOYaTKY
nocaimkeras st O cranoBus 469,75+£55.2 M, a s
nocmimkyBanux ['T1 — 494,5+81,5 m. CepennbocTaruc-
TUYHHUH TTOKa3HHUK Cepell NOCIIKYBaHUX depe3 4 THKHI
BIT g nmamientis OI' cranoBuB 533,8+59,8 M, a mist
mamiedTis I'TI — 509,678 m.
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Takosx BUSIBICHO 3MiHU B JIOBXHHI KPOKY B 000X Ipy-
max y Box ocHoBHUX (hazax: Terminal Stance i Terminal
Swing, y SIKuX BiiOyBatOThCS IIICTh OCHOBHUX MOMEHTIB,
10 BIUIMBAIOTH Ha JOBXKHHY KPOKY. 3aMipH JOBXHUHU
KPOKY pOOWIM 3a JOMOMOTOI CHCTEMH MUl aHali3y
xonp0u TYROSTATION PABLO. IlepBunnHMii cepen-
HBOCTATUCTUYHHUN PE3YIbTaT 3a JOBKHHOIO KPOKY JUIs
maientis OI' cranouB 101,4+15 cM, a I maiieHTiB
I'lT—103,149,8 cm. Uepes 4 THXHI cepeTHbOCTATUCTHY-
HU TIOKAa3HUK JOBKHHHU KPOKY Juts marieHTiB Ol craHo-
BUB 134+16 cm, a ms mamienTiB T'TI— 113,7+12 cm.

IlepBUHHUI CcepeNHbOCTATUCTUYHUN PE3YJIBTAT 3a
10-MeTpoBHM TECTOM MaKCHMalbHOI XOAbOW cepen
namiedTiB O cranosus 1,434+0,31 m/c, a mamienTis ['T] —
1,58+0,28 m/c. Uepes 4 Trxui Bukopuctanus BIT cepen-
Hiii mokasHuk mamientiB OI' cranosus 1,87+0,22 m/c
MOPIBHSHHI 13 cepenHiM NOKa3HWKOM namieHTiB ['TI —
1,694+0,29 wm/c. IlincymMKoBi pe3yabTaTH IOCIiKSHHS
BIT npu I'TIMK BustBunu, mo 12 ceanciB Ha Girosiit
JIOP1KIII B TOETHAHHI 13 3araJIbHONPUIHSTOIO (DI3HUHOIO
TepaIti€ro 3HAYHO MOKPAILYIOTh IIBUAKICTH XOAbOH, JTOB-
KHUHY KPOKY, BATPHBATICTb 1 BiZICTaHb.

Ilin 4Wac TpeHyBaHHS KOHTPONIIOBAIM IIBUAKICTh
i Haxwuy GiroBoi mopixkku, a Takox YCC ta AT. Iaten-
CHBHICTh TPCHYBaHb Oy/a B MEKaX yCTAaHOBJICHOTO Jlia-
nas3ony. [1if 9ac mpoBeAeHHs NepIIuX TPCHYBaHb Y Jes-
KHX 0ci0 Oys0 BHSIBIGHO HE3HAYHMI MOOIYHMI e(eKT,
Takui K 01k y M’si3aX.

OcHoBHOW TmiepeBaroro mig vac BIT nHa Oirosii
nopixkui st oci6 i3 'TIMK nopiBHSHO 3 iHIIUMH METO-
JaMu (izugHoi Tepamii OyB HEBEIMKHIl BiJpi30K dacy,
HEOOXiMHMH JUI1 BUKOHAHHS MPOTOKONY TpPEHYBAHb,
OCKIJIBKM OJHUM 13 OCHOBHHUX Oap’€piB Ui MiATPUMKH
BHCOKOTO piBHS (i3nunoi akTuBHOCTI micis [ TIMK e Opak
qacy. Uepes diznuni nopymenns micist [ TIMK oco6w, ski
nepenecnu ['TIMK, MoxyTb MaTu TpyaHOII 3 JOCSTHEH-
HSIM 1 MITPUMKOIO BUCOKOIHTCHCUBHOTO PEXKHMMY BIIPAB.
Omxe, BIT, npusHaveHi Ui IbOro KOHTHHTEHTY XBOPHX,
€ JIy)Ke BOKIMBUMHE (Hapasi Ie HEeAOCTATHHO BHBYCHI)
1 JJAFOTh 3MOTY MAIlieHTaM JOCATTH HEOOXiJHOI iHTeH-
CHUBHOCTI BIpaB Ui ONTUMAIBHOTO (DYHKI[IOHATBHOTO
BiZTHOBJICHHS. Y 3aKOPJOHHIH JIiTepaTypi B AEIKUX TOCITi-
JUKCHHSIX CTBEP/DKYETHCS, IO IHTEPBAIbHI TPECHYBAHHS
BHCOKOI iHTEHCHBHOCTI Kpallle ePeHOCATh 0COOH Mics
I'TIMK (Duncan, Mead, et al., 2012), mo cBiI4UTh TPO
TIOZIONIAaHHS TaKuX Oap’€epiB, SIK IEHTpaIbHA Ta JIOKAJIbHA
BTOMa, sika Hapasi 1e HenoctarHbo BuBYeHa (Billinger,
Arena, et al., 2014), BOHU CTBOPIOIOTH NMEPCTIICKTUBH IS
JIOCATHEHHSI ONTUMAaJIbHOTO (DYHKI[IOHAJILHOTO BiTHOB-
nenns (Vinohradov, Lazarieva, 2021).

OCHOBHUMH OOMEKEHHSIMHU ITiJ Yac IbOro HOCHi-
JUKEHHS OyJlo KijbKa Takux (haKkTOpiB: BiAHOCHO MOJO-
Iuii BiK 1 BUCOKMH (DYyHKIIOHANBbHHH piBEHb IOCII-
JUKyBaHHUX B 000X Tpymax, a TakoX dac nepeOyBaHHS
B cramioHapi. Ha mepion mpoBeneHHS IOCIiIKSHHS
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OCHOBHA YaCTHHA MAIli€HTIB, SKa IiIXOIUIIA MiJ METY
JOCIiKeHHsI, Oyaa BiIHOCHO MoJoa0k0 (36—62 pokn),
110 poOmIo BUOIPKY MOMITHO MOJOJIIOK 32 3arajibHy
nomyrsmito narientiB i3 I'TIMK. Kpim Toro, orpumani
pe3ynsTaTé (Pi3MYHUX TECTIB MiATBEPKYIOTH BiTHOCHO
BUCOKHI PIBEHB Mpane3aaTHOCTi JOCTIKyBaHUX.

TakuM YHHOM, pe3yabTaTH 3aCTOCYBAHHS BHCOKO-
IHTEHCHBHOTO TpEHYBaHHS sK 3aco0y (izmuHOi Tepa-
nii B paHHBOMY BiZIHOBHOMY MeEpiofi AAIOTh MifCTaBy
CTBEP/UKYBATH, IO 11¢ OAMH i3 MEPCIEKTHBHUX Hampsi-
MiB BiJJTHOBJICHHS MIOPYLICHUX PYXOBHUX (DYHKILiH, i BH-
IIEHHST CTAO0IITLHOCTI, IIBUIKOCTI XOAhOM Ta 34aTHOCTI
JI0 TIepeCyBaHHA, SKHH MOKpally€e >KUTTA MAIi€HTIB,
koTpi mepenecnu ['TIMK.

BucnoBku. 3 orisay Ha BHCOKY iHBajdiiu3aniioo ta
JIeTAJIBHICTD, 4 TAKOK 3HA4YHi MaTepiaibHi BUTPATH HA
JiKyBaHHs il peaOiiirauilo, nuTanus (ism4Hoi Tepa-

mii oci0, siki nepenecsin I'TIMK, 3aimmarorses onHiero
3 HAlOLIbII 3HAYHHUX MEIMKO-COLIaJILHUX MPod/iemM
cborofernsi. Tomy 3Mina minxoaiB 10 BiTHOBHOTO JIiKY-
BaHHs i peadiniTauii mauieHTiB i3 rocTpumMu cyIuH-
HMMHM KaTacTpo)aMM TOJI0BHOIO MO3KY, 3POCTAHHS
iHTepecy 10 BUKOPUCTAHHSI Haile()eKTUBHIIINX MeTO-
JiB BiIHOBJIEHHS1 B HAWKOpPOTHIMHA TepMiH — 0C00-
JIMBOCTI cydacHoi HelipopeaGiniTamii. Oaun i3 Takux
METO/iB — BUCOKOIHTEHCHBHE TPEHYBAHHSI.

IIpoBeaene nociinkennsi Busisuiio, mo BIT y pan-
HBOMY BiTHOBHOMY mepioai Moxke OyTH e(eKTHBHUM
mig yac Kopekuii pyxoBoi pyHKUil HUKHIX KiHIIBOK,
10 /a€ MiACTaBy pexkoMeHayBaTu 3actocyBanHsi BIT
y cucreMi peadiaiTauii xBopux, siki nepenecan I'TIMK.
Kpim Toro, Bono nemoncrpye, mo BIT min narisizom
¢izuyHOrO TepaneBTa MOKHa Ge3ME€YHO MPOBOIUTH 32
YMOBHM HAJIE;KHOTO IOTPUMAHHS MPOTOKOJTY.
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SPECIFICITIES OF MODIFYING AN OUTPATIENT PHYSICAL THERAPY SYSTEM
FOR THE PATIENTS OF ORTHOPEDIC PROFILE AND ITS INFLUENCE
ON THERAPEUTIC ALLIANCE CRITERIA

Actuality. The therapeutic alliance is a part of the therapeutic relationship between the patient and the therapist, influencing the
setting and achievement of goals, the patient’s motivation, and, as a result, the outcome of rehabilitation.

Material and methods. The study involved 113 patients who completed a standard course of physical therapy during 2013-2015,
and 135 patients who completed a course of physical therapy during 2016-2018 after physical therapy system modification. The
Working Alliance Inventory (WAI) questionnaire was used to assess the level of therapeutic alliance formation. Patients were grouped
by the type of attitude to the disease (psychotypes). The course of physical therapy comprised 12—15 classes.

Research results. The comparison of indicators of therapeutic alliance formation in groups with similar psychotypes and different
physical therapy systems confirmed the advantages of a modified physical therapy system and the implemented measures in several
items. Thus, 20162018 patients with rational psychotypes had an advantage in nine items out of twelve, and patients with irrational
psychotypes — in eleven items out of twelve. At the same time, overall scores in the “goal items”, “task items” and “bond items”
domains were higher amongst 2016-2018 patients. Besides, when comparing the results of therapeutic alliance formation among
2016-2018 patients with irrational psychotypes and 2013-2015 patients with rational psychotypes we observed either absence of any
statistical difference, or a significant advantage of the patients of a modified physical therapy system.

Conclusion. The results of the study confirmed the benefits of the modifications implemented in physical therapy system and measures
of managing physical therapy process, as well as highlighted the benefits for the patients with irrational attitude to the disease.

Key words: physical rehabilitation, therapeutic exercises, musculoskeletal disorders, communication, professional-patient
relations.
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OCOBJIUBOCTI MOJUDIKALIII CHCTEMHA AMBYJIATquOi ®IBUYHOI TEPApIi
NJISI MALIEHTIB OPTONEJIUYHOI'O MPOPLIIO TA il BIIJIUB HA KPUTEPIi
TEPATIEBTUYHOT O AJIBSTHCY

Axmyansnicmo. Tepanesmuunuil anbanc € 4acmunol MepanesmudHux 63aEMun Midc Nayicumom i mepanesmom, 6NIU6AE HA
NOCMAHOBKY U OOCACHEHHS Yil, MOMUBAYIIO NAYIEHMA I, K HACIIOOK, HA pe3yibmam peabinimayii.

Mema oocnioicennsn — susnauenns 6naUgy Moougikayii cucmemu amoyramopnoi Qizuunoi mepanii nayicnmis opmoneoudHoco
npoghinio Ha Kpumepii mepanesmuyHo20 anbAHCY HA OCHOBI OYIHIOBAHHS CIMAHY NAYIEHMIE.

Mamepian i memoou. Y oocniosxcenni 63snu yuacme 113 nayieumis, sxki npouuwiiu cmanoapmuuil Kype Qizuunoi mepanii npomsi-
eom 2013-2015 pp., i 135 nayienmis, sixi npotiwnu Kypc @izuunoi mepanii npomsecom 2016—-2018 pp. nicas mooughikayii cucmemu
Gisuunoi mepanii. /[na oyinoeannsa pieHa (popmysaHHs mepanesmuuHo20 albaHCy ukopucmosysanu onunmyesanvhux WAI (Working
Alliance Inventory). Iayicumu 6ynu 32pynoeamni 3a munom cmasients 00 xeopoou (ncuxomunu). Kypc ¢izuunoi mepanii cknadascs
3 12—15 3anameo.

Pezynomamu 0ocnioncenns. [lopisnuannsa nokasnukie popmysanns mepanemuiHo20 aubsancy 8 Gpynax 3i cxodHcuMu NCUXOMunamu
U pisHUMU cucmemamu Qizuunol mepanii niomeepoulo nepesazu MoOUpIiKosanoi cucmemu QizuuHoi mepanii ma peanizo8anHux 3axo-
016 3a Kkinvkoma nywkmamu. Tak, nayienmu 3 payionanvhumu ncuxomunamu 2016—-2018 pp. manu nepesazy 3a 0es’ssmoma nynKmamu
3 08anaoysamu, a nayieHmu 3 ippayioHaTbHUMU NCUXOTMUNAMU — 3d OOUHAOYATNbMA NYHKMAMU 3 08anaoyamu. Boonouac 3azanvHi 6aiu
6 NYHKMAX «YLNbOGI NYHKMUY, «3a60aHHAY U «0006 '513K061 nyHKkmuy» Oyau suwumu cepeod nayicumie 2016—2018 pp. Kpim moeo, nio uac
NOPIGHANHS PEe3VIbIAMmMie hOPMYSAHHA MEPANESMUUHO20 anbsHCY ceped nayicumie 2016—2018 pp. i3 nepayionanbHuMu ncuxomunamu
i nayienmis 2013-2015 pp. i3 payionareHuMy nCUXOMUnamu mMu cnocmepieanu ado 8iocymuicms 6y0b-aKoi cmamucmuyHoi pisHuyi,
abo 3HauHy nepesazy nayieHmis MoougiKkosanoi cucmemu Qizuunoi mepanii.

Bucnoeok. Pezynemamu 0ocniodicennsi niomeepounu nepegacu mMoougixayitl, ynposaolcenux y cucmemy Qisuunoi mepanii ma
3ax00i6 ynpasninHa iziomepanesmuyHuM NPOYecom, d MAaKo€C SUCSIMAUIY nepesau 01 NAYIEHMI i3 HepaYiOHATLHUM CINABIEeHHAM
00 x60pobu.

Knrouogi cnosa: gizuuna peadbinimayis, mepanesmuyni 6npasu, 3axe0ploeants ONOPHO-PYX08020 anapamy, KomMyHikayis, npoge-
CIUHI CIMOCYHKU 3 RAYIEHMOM.

Introduction. Actuality. Professional and interpersonal
characteristics of the relationship between a physical
therapist and a patient are crucial factors that influence
therapy effectiveness and satisfaction with it. A good level
of communication promotes patient’s trust to the specialist,
which eventually turns into therapeutic alliance.

Therapeutic alliance between clinicians and patients
evoked interest in the fields of medical care (Stewart,
1995) and psychotherapy (Horvath et al., 1991; Martin
et al., 2000). Therapeutic alliance, also referred to as
a working alliance, therapeutic relationship or helping
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alliance, is a general construct which comprises in its
theoretical definition a collaborative nature, affective
relationship, and agreement about the goal and
objectives between patients and clinicians (Martin et al.,
2000; Van Lunteren et al., 2020). Other constructs, such
as trust (Hall et al., 2002) and empathy (Mercer et al.,
2004), may overlap with this definition and are also used
to assess alliance quality. This concept is also studied in
the fields of physical rehabilitation and physical therapy
(Hall et al., 2010; Taccolini Manzoni et al., 2018; Kinney
et al., 2020).
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The evidence of therapeutic alliance importance
in achieving good results from physical therapy is
currently accumulating (Taccolini Manzoni et al., 2018;
Kinney et al., 2020; Lawford et al., 2020). However,
it has already been proved that a good therapeutic
alliance between a physical therapist and patients with
chronic musculoskeletal pain may improve intervention
outcomes. Comprehending the factors of positive and
negative impact on these relationships facilitates the
formation of a strong therapeutic alliance (Leysen et
al., 2021; Kishikawa et al., 2022). According to the
researchers, terminological content of a therapeutic
alliance concept remains unchanged and transfers to the
traditional principles in the sphere of physical therapy
(Kinney et al., 2020; Healy et al., 2023).

Our previous study (Fedorenko et al., 2019a)
focused on determining specificities of therapeutic
alliance formation between outpatients with orthopedic
disorders after completing a physical therapy course and
their physical therapists, based on patients’ psychotypes.
The results confirmed the relevance of the measures
implemented to improve therapeutic alliance formation
(namely taking into account the types of attitude to the
disease, supplementing methods of managing physical
therapy system and the process of physical therapy in
particular, enhancing motivation of patients and medical
staff, detecting ways of improving the quality of physical
therapy services), and check their efficiency.

The aim of the research: to determine the impact
of modifications in outpatient physical therapy system
amongst orthopedic profile patients on therapeutic
alliance criteria based on patients’ assessment.

Research materials and methods. Organization of
the research. The Working Alliance Inventory (WAI)
questionnaire was used to assess the level of therapeutic
alliance formation. In general, the questionnaire was
designed to evaluate the elements of work collaboration
in all forms of relationship related through (Munder
et al., 2010; Vitomskyi et al., 2019). The patient was
using the SF Hatcher Client form, which consists of
12 questions. These questions are divided into three
domains: goal items; task items; bond items.

A 5-point Likert scale is used for each question,
ranging from 1 (rarely) to 5 (always). Accordingly, the
maximum score in question domains for the patient is
20 points.

The questionnaire was filled in after completing a
physical therapy program.

Participants. The study involved 113 patients
(53 men and 60 women), average age is 43.18+8.88
(36.5-51.0) who completed a standard course of
physical therapy during 2013-2015, and 135 patients
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(70 men and 65 women), average age is 43.83+£9.12
(37.0-52.0) who completed a course of physical
therapy during 20162018 after physical therapy system
modification. with Chronic low back pain. The exclusion
criteria were: patients with lumbar radiculopathy and/
or with potentially dangerous conditions, including
extravertebral pathology (prostatitis, endometriosis,
chronic inflammatory diseases of the pelvic organs,
kidney disease, aortic aneurysm, etc.), other specific
pathology (malignant neoplasms, infectious diseases,
fractures, inflammatory rheumatic diseases, “horse tail”
syndrome, etc.), as well as mental disorders during the
last 3 years.

The study was conducted at “FESCO” Medical
Center, Brovary, Ukraine.

The samples included the patients who had properly
completed the questionnaires after giving permission
to collect, store, and process the obtained data; worked
at least 15 hours per week, did not have comorbid
conditions, and had systematically completed the whole
course. The groups of 2013-2015 patients were denoted
by letter G, and the groups of 2016-2018 patients were
denoted by letter M (modified program).

The methods of determining types of attitudes to the
disease were used to check the existence of patient’s
personality influence on the assessment of physical
therapy satisfaction. Thus, attitude to the disease was a
patients’ grouping factor.

According to the literature data (Kolomiiets’,
2017; Kocherha et al., 2022), which refer harmonious,
ergopathic and anosognostic types of reaction to the
“rational” ones, 2013-2015 patients were divided
into G+ group (n=58, rational types of reaction to the
disease) and G— group (n=55, irrational); 2016-2018
patients were divided into M+ group (n=71) and M—
(n=64) group.

Intervention.  Standard  course of  physical
therapy comprised 12-15 classes (40-60 minutes
each; therapeutic exercises and mechanotherapy
according to the doctor’s prescription), physiotherapy
(magnetotherapy, electromyostimulation according to
the doctor’s prescription) and massage (7—8 procedures).
Course duration was 5—6 weeks.

Modified course of physical therapy was supplemented
with new therapeutic exercises (with elastic bands; with
fitball; exercises in functional gymnastics according to
Gray Institute (3D Maps); exercises with post isometric
relaxation).

Besides, physical therapy system included a number
of innovations to enhance the role of a physical therapist
in physical therapy system (assessment of patient’s
condition; prescription and replacement of exercises,
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dosage); to increase motivation of patients (Fedorenko
et al., 2019a) and physical therapists (Vitomskyi et al.,
2019); to improve managing physical therapy process
and service quality, and take into account characteristics
of patients with irrational attitude to the disease
(Fedorenko et al., 2018).

These measures were implemented for better
therapeutic alliance formation by enhancing a number
of criteria: “patient’s understanding of his/her changes
caused by the therapy”, “the frequency of finding new
ways to deal with the patient’s problem resulted from
what the patient is doing in therapy”, “patient’s feeling
that physical therapy will help him/her accomplish the
necessary changes”, “the frequency of patient’s thinking
that the way to deal with his/her problem is correct”.

Statistical analysis. The obtained results were
processed by means of mathematical statistics, using
Statistica 12.0 (StatSoft, USA). Mean value (X), root-
mean-square deviation (S), median value (Me), upper
and lower quartiles (25%; 75%) were measured. To
assess significance of the difference, Student’s t-test
(for independent groups) was used provided there was
a normal distribution of study results; Mann-Whitney
U-test (for independent groups) was used provided the
indicators had a distribution other than normal.

It should be mentioned that 20162018 patients had no
statistical differences in primary life quality results (SF—
36, EQ-5D-5L) as compared with 2013-2015 patients,
which was achieved by means of screening to improve the
analysis of physical therapy satisfaction scores.

Research results and their discussion. The analysis
oftherapeutic alliance scores is presented as a comparison
0f2013-2015 and 2016-2018 groups, namely G+ group
with M+ group and G- group with M— group, as well as
a comparison of M+ group with M— group.

Consider the results of a statistical analysis of
therapeutic alliance scores amongst 2013-2015 and
20162018 patients with rational psychotypes (Table 1).

The first questionnaire item, which focuses on patient’s
understanding of the possible changes caused by the therapy,
denoted a statistical advantage of 20162018 patients who
had completed a modified program of physical therapy
(Table 1). In particular, in M+ group Me (25%; 75%)
indicators were 5 (4; 5) points; in G+ group they were
4 (3; 4) points (p<0.01). Mean value difference comprised
0.66 points. Maximum and best score is 5 points.

The next questionnaire item focuses on the frequency of
finding new ways to deal with the patient’s problem resulted
from what the patient is doing in therapy. Me (25%; 75%)
indicators were 4 (4; 5) points in M+ group and 3 (3; 3) points
in G+ group (p<0.01). Mean value difference comprised
1.34 points. Maximum and best score is 5 points.
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Table 1

Indicators of therapeutic alliance amongst
2013-2015 (G+) and 20162018 (M+) patients
with rational psychotypes, scores

Groups
Items
G+n=58) | M+@n=T1)
Me . R
| Q5% 75%) | 4G | S&D)
X+S 3.90£0.69 | 4.56£0.55
Me . v
) @5%; 75%) | 233 | 4E&S
X+S 2.93+0.37 4.27+0.45
Me . .
3 @5%; 75%) | D A&
48 407:037 | 4112046
Me . v
4 Q5% 75%) | 2E3 | A&
X+S 2.43+0.50 4.3440.48
Me . .
5 @5%; 75%) | & 45
48 4212052 | 4.25:0.55
Me . vk
6 @5%; 75%) | 4G | 4D
R4S 3715046 | 4312047
Me . .
7 @5%; 75%) | &Y A&
48 407:037 | 415505
Me . vk
8 @5%; 75%) | A& | 3G
X+S 4.24+0.43 4.83+0.38
Me . e
9 @5%; T5%) | 4D 445
48 4.02:051 | 424049
Me . vk
10 Q5% 75%) | A& | 5@
X+S 3.88+0.68 4.5240.56
Me . R
1 @5%; 75%) | 4G | 4@
X+S 3556050 | 44605
Me . -
12 @5%; 75 | 4G | 4E&S)
R+S 3.84£0.77 | 4272051
M
The “goal | (as504: 750 | 14 (1275 15)| 17 (17: 19)*
tems” score R4S 13934139 | 17.94%134
M
The “task | (2504 75%) | 13 (13:19) |18 (16 18)**
toms” score R+S 145582.12 | 17.62£1.52
M
The “bond | (350 75%%) | 16 (16:17) | 1716;:17)*
tems” score R4S 1636£0.97 | 16.76+1.13
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Note. * — the difference between group indicators is statisti-
cally significant p<0.05, ** — p<0.01.
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The third item focuses on patient’s belief that
a physical therapist likes him/her. Me (25%; 75%)
indicators were 4 (4; 4) points in M+ and G+ groups
(p>0.05).

The fourth questionnaire item evaluates collaboration
between a physical therapist and a patient on setting
therapy goals. Me (25%; 75%) indicators were 4 (4;
5) points in M+ group and 2 (2; 3) points in G+ group
(p<0.01). Mean value difference comprised 1.91 points.
Thus, M+ group indicators were statistically better, which
reflects effectiveness of the measures implemented to
increase involvement of a physical therapist in patient’s
examination, setting program goals and content.

The level of mutual respect between a patient and
a physical therapist, which is assessed in the fifth
questionnaire item, had statistically similar scores in
M+ and G+ patients. Me (25%; 75%) indicators were 4
(4; 5) points (p>0.05) in both groups.

The sixth questionnaire item focuses on assessing
joint work of a physical therapist and a patient on
mutually agreed goals. Me (25%; 75%) indicators were 4
(4; 5) points in M+ group and 4 (3; 4) points in G+ group
(p<0.01). Mean value difference comprised 0.6 points.
Thus, 20162018 patients with rational psychotypes had
statistically better indicators, which reflect effectiveness
of the measures implemented to increase involvement
of a physical therapist in patient’s examination, setting
program goals and content.

According to the seventh questionnaire item, focused
on the patient’s feeling that he/she is appreciated by a
physical therapist, no statistical difference between the
groups was determined. Me (25%; 75%) indicators were
4 (4; 4) points in both M+ and G+ groups (p<0.01).
Mean value difference was not significant.

The next questionnaire item focuses on mutual
agreement of a physical therapist and a patient that
the patient needs to work on self-improvement.
2016-2018 patients who had completed a modified
course of physical therapy had a statistical advantage:
Me (25%; 75%) indicators were 5 (5; 5) points in M+
group and 4 (4; 4) in G+ group (p<0.01). Mean value
difference comprised 0.15 points.

The ninth questionnaire item focuses on the fact thata
patient feels being cared for by a physical therapist, even
when the patient does not follow therapist’s instructions.
Me (25%; 75%) indicators were 4 (4; 5) points in M+
group and 4 (4; 4) points in G+ group (p<0.05). Mean
value difference comprised only 0.22 points.

The tenth questionnaire item focuses on patient’s
feeling that physical therapy will help him/her accomplish
the necessary changes. Me (25%; 75%) indicators
were 5 (4; 5) points in M+ group and 4 (3; 4) points in
G+ group (p<0.01). Mean value difference comprised
0.64 points, which is quite significant considering the
rating system.
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The eleventh questionnaire item focuses on the level
of establishing by a physical therapist and a patient
a good understanding of the changes that would be
beneficial to the patient. Me (25%; 75%) indicators
were 4 (4; 5) points in M+ group and 4 (3; 4) points
in G+ group (p<0.01). Mean value difference comprised
0.91 points. Thus, 2016-2018 patients with rational
psychotypes had statistically better indicators, which
reflects effectiveness of the measures implemented to
increase involvement of a physical therapist in patient’s
examination, introduce assessment of the surroundings
and analyze activity and participation in order to provide
better pain dynamics, physical and social functioning.

The twelfth questionnaire item focuses on assessing the
frequency of patient’s thinking that the way to deal with
his/her problem is correct. Me (25%; 75%) indicators were
4 (4; 5) points in M+ group and 4 (3; 4) points in G+ group
(p<0.01). Mean value difference comprised 0.43 points.
Thus, the effectiveness of the measures, implemented to
increase involvement of a physical therapist in patient’s
examination, setting program goals and content, as well as
the variability of this content, was confirmed.

Patients with rational psychotypes had significantly
better overall “goal items” score amongst 2016-2018
patients who had completed a modified course of
physical therapy (Table 1). Me (25%; 75%) indicators
were 17 (17; 19) points in M+ group and 14 (12.75;
15) points in G+ group (p<0.01). Mean value difference
comprised 4.01 points. Thus, M+ patients had a 28.8%
mean value excellence over G+ group.

The overall “task items” score was also significantly
better among M+ patients. Me (25%; 75%) indicators
were 18 (16; 18) points in M+ group and 15
(13; 15) points in G+ group (p<0.01). Mean value
difference comprised 3.07 points. Thus, M+ patients had
a 21.1% mean value excellence over G+ group.

The overall score of the last domain reflects
the “relationship” level items. This score was also
significantly better amongst 20162018 patients who had
completed a modified course of physical therapy (Table 1).
Me (25%; 75%) indicators were 17 (16; 17) points in M+
group and 16 (16; 17) points in G+ group (p<0.05). Mean
value difference comprised 0.4 points. Thus, M+ patients
had a 2.4% mean value excellence over G+ group.
Consider the results of a statistical analysis of therapeutic
alliance assessment amongst 2013-2015 and 2016-2018
patients with irrational attitude to the disease (Table 2).

According to the first questionnaire item (patient’s
understanding of what changes he/she can undergo as a
result of the therapy), a statistical advantage was determined
amongst 2016-2018 patients who had completed a modified
course of physical therapy (table 2). Me (25%; 75%)
indicators were 4 (4; 4) points in M— group and 3 (3; 4) points
in G— group (p<0.01). Mean value difference comprised
0.66 points. Maximum and best score is 5 points.
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Table 2
Indicators of therapeutic alliance amongst
2013-2015 (G-) and 2016-2018 (M-) patients
with irrational psychotypes, scores

Groups
Items
G-(n=55) | M-(n=64)
Me . AT
| Q5% 75%)| SGH | 4&9
XS 3312069 | 3.9740.5
Me . Q)
2 @5% 75%)| G | 49
X+S 2.8240.47 3.95+0.45
Me . s
3 @5%; 75%) | 2D 449
XS 3386049 | 4055045
Me . S AR
4 @5%; 75%) | 252 449
X+S 2135034 | 413055
Me . . *
5 oy | 4G | 4@4T9)
XS 3656048 | 41306
Me . .5y
6 (25%; 75%) 3(33:4) 4(45)
X+S 3.38+0.49 4.19+0.59
Me . . *
7 @5%; 75%) | 23D 444
XS 3365049 | 4.06£0.56
Me . L\
8 @5%; 75%)|  tHD | A&
X+S 4.09+0.40 4.4240.56
Me B . #
9 @5%; 75%) | 43D 449
XS 3876061 | 402055
Me . AR
10 Q5% 75%)| S | 49
XS 3295053 | 394047
Me . .G\ i
1 Q5% 75%)| S | A&
XS 3388049 | 4174058
Me . AR
12 (25%; 75%) 3(3:4) 44,4
=S 3295057 | 400044
M
The “goal | (o504 7505)| 12(12:14) | 16(16; 18)*
femsTseore TS | 12984108 | 16914183
M
The “task | (o504 7505y | 1211515 | 16.(16; 16)*
femsseore s | 12715169 | 15.86£1.69
Me , 16
.tThe “bond | 50 750%) | 1431 | (1505, 17yx¢
femsTseore TTges | 14276110 | 16255137

Note. * — the difference between group indicators is statistically
significant p<0.01, * — the difference between group indicators is sta-
tistically significant p<0.05 as compared to M+ group, *# — p<0.01.
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The results of the second questionnaire item (the
frequency of finding new ways to deal with the patient’s
problem resulted from what the patient is doing in
therapy) were significantly better in M— group. Me
(25%; 75%) indicators were 4 (4; 4) points in M— group
and 3 (3; 3) points in G— group (p<0.01). Mean value
difference comprised 1.13 points.

The results of the third questionnaire item (patient’s
belief that a physical therapist likes him/her) were as
follows: Me (25%; 75%) indicators were 4 (4; 4) points
in M— group and 3 (3; 4) points in G— group (p<0.01).

The assessment of collaboration between a physical
therapist and a patient in setting therapy goals (the
fourth questionnaire item) was statistically better among
20162018 patients. Me (25%; 75%) indicators were 4
(4; 4) points in M— group and 2 (2; 2) points in G— group
(p<0.01). Mean value difference comprised 2 points. This
reflects effectiveness of the measures implemented to
increase involvement of a physical therapist in patient’s
examination, setting program goals and content.

The fifth questionnaire item (the level of mutual
respect between a patient and a physical therapist) had
statistically higher scores in M— group. Me (25%; 75%)
indicators were 4 (4; 4.75) and 4 (3; 4) points in M— and
G- groups respectively (p<0.01). Mean value difference
comprised 0.48 points.

The results of the sixth questionnaire item
(assessment of joint work of a physical therapist and a
patient on mutually agreed goals) were also statistically
better in M— group. Me (25%; 75%) indicators were 4 (4;
5) in M— group and 3 (3; 4) in G— group (p<0.01). Mean
value difference comprised 0.81 points. Thus, the results
of 20162018 patients with irrational psychotypes were
higher, which reflects effectiveness of the measures
implemented to increase involvement of a physical
therapist in setting program goals and content as well as
monitoring its implementation.

Patient’s feeling that he/she is appreciated by
a physical therapist (the seventh questionnaire
item) had higher scores among M- patients. Me
(25%; 75%) indicators were 4 (4; 4) and 3 (3; 4) points
in M- and G- groups respectively (p<0.01). Mean
value difference comprised 0.7 points. This reflects
effectiveness of the approaches introduced to manage
physical therapy process among the patients with
irrational psychotypes.

The results of the eighth questionnaire item (mutual
agreement of a physical therapist and a patient that the
patient needs to work on self-improvement) confirmed
statistical advantage among 20162018 patients who
had completed a modified course of physical therapy:
Me (25%; 75%) indicators were 4 (4; 5) points in M—
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group and 4 (4; 4) points in G— group (p<0.01). Mean
value difference comprised 0.33 points.

The assessment of the fact that a patient feels
being cared for by a physical therapist, even when the
patient does not follow therapist’s instructions, was not
statistically better in any of the groups (the ninth item,
table 2). Me (25%; 75%) indicators were 4 (4; 4) points
in M— group and 4 (3; 4) points in G— group (p>0.05).

The results of the tenth questionnaire item (patient’s
feeling that physical therapy will help him/her accomplish
the necessary changes) in the groups with irrational
psychotypes were as follows: Me (25%; 75%) indicators
were 4 (4; 4) points in M— group and 3 (3; 4) points in
G- group (p<0.01). Thus, improved process of setting
goals and their individualization, active participation
of a patient and a physical therapist (i.e. of those who
systematically worked to achieve these goals) in setting
them, general and individualized recommendations
promoted the raise of scores among 20162018 patients.
Mean value difference comprised 0.65 points.

The eleventh item scores (establishing by a physical
therapist and a patient a good understanding of the changes
that would be beneficial to the patient) were as follows: Me
(25%; 75%) indicators were 4 (4; 5) points in M— group and
3 (3; 4) points in G— group (p<0.01). Mean value difference
comprised 0.79 points. Thus, 20162018 patients with
irrational psychotypes had statistically better indicators,
which reflects effectiveness of the measures implemented
to increase involvement of a physical therapist in patient’s
examination, introduce assessment of the surroundings,
analyze activity and participation in order to provide better
pain dynamics, physical and social functioning.

The twelfth questionnaire item (the frequency
of patient’s thinking that the way to deal with his/her
problem is correct) had significantly higher scores
in M— group. Me (25%; 75%) indicators were 4 (4;
4) points in M— group and 3 (3; 4) points in G— group
(p<0.01). Mean value difference comprised 0.71 points.
Thus, the effectiveness of the measures implemented to
increase involvement of a physical therapist in patient’s
examination, setting program goals and content, as well
as the variability of this content was confirmed.

Among the patients with irrational psychotypes,
the overall “goal items” score was significantly higher
in 20162018 patients who had completed a modified
course of physical therapy (Table 2). Me (25%; 75%)
indicators were 16 (16; 18) points in M— group and
12 (12; 14) points in G— group (p<0.01). Mean value
difference comprised 3.93 points. Thus, M— patients had
a 30.3% mean value excellence over G— group.

The overall “task items” score was also significantly
higher among M- patients. Me (25%; 75%) indicators
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were 16 (16; 16) points in M— group and 12 (11;
15) points in G— group (p<0.01). Mean value difference
comprised 3.15 points. Thus, M— patients had a 24.8%
mean value excellence over G— group.

The last overall score reflects the “relationship” level
items. This score was also significantly higher among
2016-2018 patients who had completed a modified
course of physical therapy (Table 2). Me (25%; 75%)
indicators were 16 (15.25; 17) points in M— group and
14 (13; 15) points in G— group (p<0.01). Mean value
difference comprised 1.98 points. Thus, M— patients had
a 13.9% mean value excellence over G— group.

The presented statistical analysis answers the
questions related to the benefits of a developed program,
modifications in physical therapy management and their
impact on the level of therapeutic alliance formation
amongst the patients grouped according to their
psychotypes. However, the following questions related
to group indicators should be also considered:

— whether the level of therapeutic alliance amongst
20162018 patients with irrational attitude to the disease
achieved the level of therapeutic alliance amongst
2013-2015 patients with rational attitude to the disease;

—what items had different scores amongst 20162018
patients with irrational attitude to the disease and the
patients with rational attitude to the disease;

— whether there are any differences between the
results of comparing G+ with G— groups and M+ with
M- groups.

First, it should be noted that the comparison of the
results of therapeutic alliance assessment questionnaire
(a form for patient) in G+ and M— groups revealed that
the results were either the same in both groups or better
in M— group. This confirms better performance of a
modified program and methods of managing physical
therapy process. At the same time, this result is the most
significant confirmation, since statistical differences
between G+ group and G- group (Fedorenko et al.,
2019) confirmed only the excellence of G+ group. We
should note that when comparing G+ and M- groups,
M- group had an excellence in item 2 (assessment of the
frequency of finding new ways to deal with the patient’s
problem resulted from what the patient is doing in
therapy) (p<0.01); item 4 (assessment of collaboration
between a physical therapist and a patient in setting
therapy goals) (p<0.05); item 6 (assessment of joint
work of a physical therapist and a patient on mutually
agreed goals) (p<0.05); item 8 (mutual agreement of a
physical therapist and a patient that the patient needs
to work on self-improvement) (p<0.05); item 11 (the
level of establishing by a physical therapist and a patient
a good understanding of the changes that would be
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beneficial to the patient) (p<0.01); overall “goal items”
and “task items” scores. Thus, due to the introduced
changes 20162018 patients with irrational attitude to
the disease had better item scores, overall “goal items”
and “task items” scores than 2013-2015 patients with
rational attitude the disease, and raised the items and
overall “bond items” score to the level of 2013-2015
patients with rational attitude to the disease.

At the same time, the comparison of the results of M+
and M— groups (Table 2) revealed a statistical difference
in the following items:

— 1 (patient’s understanding of the possible changes
caused by the therapy) (p<0.01);

— 2 (the frequency of finding new ways to deal with
the patient’s problem resulted from what the patient is
doing in therapy) (p<0.01);

— 4 (collaboration between a physical therapist and a
patient in setting therapy goals) (p<0.05);

— 8 (mutual agreement of a physical therapist
and a patient that the patient needs to work on self-
improvement) (p<0.01);

— 9 (a patient feels being cared for by a physical
therapist, even when the patient does not follow
therapist’s instructions) (p<0.05);

— 10 (patient’s feeling that physical therapy will help
him/her accomplish the necessary changes) (p<0.01);

— 11 (the level of establishing by a physical therapist
and a patient a good understanding of the changes that
would be beneficial to the patient) (p<0.01);

— 12 (assessing the frequency of patient’s thinking
that the way to deal with his/her problem is correct)
(p<0,01);

— overall “goal items”, “task items” (p<0.01) and
“bond items” scores (p<0.05).

It means that the level of therapeutic alliance
formation in a modified program also had differences in
patients’ scores depending on their psychotype.

In order to compare these differences with those of
2013-2015 patients, it is necessary to analyze the results
of comparing M+ group with M— group (Table 2) and
G+ group with G- group (Fedorenko et al., 2019). Thus,
we determined significant differences in items 1, 10, 12
and overall “goal items”, “task items” scores in favor of
groups with rational psychotypes in both comparisons
(p<0.01). A slightly smaller but significant difference
was in item 4 and overall “bond items” score (p<0.05)
when comparing M+ group with M- group; when
comparing G+ group with G— group the significance was
better (p<0.01).

At the same time, when comparing questionnaire
results (a form for patients) of M+ group with M— group
we did not determine any significant difference in item 3
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(a patient thinks that a physical therapist likes him/her),
item 5 (the level of mutual respect between a patient and
a physical therapist), item 6 (assessing joint work of a
physical therapist and a patient on mutually agreed goals)
and item 7 (patient’s feeling that he/she is appreciated
by a physical therapist), although they were determined
when comparing G+ group with G— group (Fedorenko
et al., 2019), but confirmed the advantages of G+ group.
Thus, we can assert that the measures implemented to
improve therapeutic alliance were effective, mainly
in the “bond items” domain among the patients with
irrational attitude to the disease.

On the contrary, when comparing questionnaire results
(a form for a patient) of M+ group with M— group, we
determined differences in favor of M+ group in item 2
(the frequency of finding new ways to deal with the
patient’s problem resulted from what the patient is doing in
therapy) (p<0.01); item 8 (mutual agreement of a physical
therapist and a patient that the patient needs to work on
self-improvement) (p<0.01); item 9 (a patient feels being
cared for by a physical therapist, even when the patient
does not follow therapist’s instructions) (p<0.05); item 11
(the level of establishing by a physical therapist and a
patient a good understanding of the changes that would
be beneficial to the patient) (p<0.01), which were not
determined when comparing the results of G+ group with
G- group (Fedorenko et al., 2019). However, as it was
noted above, M— group had advantages over G+ and G—
groups in all these items. Therefore, we cannot assert that
the differences between M+ group and M— group in these
items are a negative aspect.

Conclusion. Comparison of the results of therapeutic
alliance formation in groups with similar psychotypes
and different physical therapy systems confirmed the
advantages of a modified system of physical therapy
and the implemented measures in a number of items.
Thus, 20162018 patients with rational psychotypes had
advantages in nine items out of twelve, and patients with
irrational psychotypes — in eleven items out of twelve.
Besides, when comparing the results of therapeutic
alliance formation among 2016-2018 patients with
irrational psychotypes (M- group) and 2013-2015
patients with rational psychotypes (G+ group) we
observed either absence of any statistical difference (i.e.
score equaling, which was not observed in 2013-2015
patients), or a significant advantage of the patients of a
modified physical therapy system (M- group).

These results confirmed the advantages of a
modified physical therapy system as a whole, measures
of managing physical therap y process, and highlighted
particular advantages for the patients with irrational
attitude to the disease.
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Bioiorpagiunmii omuc crarri: Kononenko H., Tanceka M. (2024). BrumB HOBOT (DITOKOMITO3MIIIT Ha TIPOIIECH
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BIIJIUB HOBOI ®ITOKOMITIO3UIIII HA MTPOIIECU HEGEPMEHTATUBHOT O
INMIIKO3UJIIOBAHHS, IOKAZHUKHA JIIIJHOTI'O OBMIHY TA BAJIAHC HEPOKCHUJHOI'O
OKHCHEHHSJ JIHIIAIB HA MOAEJII HYKPOBOI'O JIABETY 2 TUIIY

Axmyanvuicms. 1[ykposuii diabem — 00ua 3 21006aNLHUX MEOUKO-COYIATBHUX MA@ eKOHOMIUHUX npobnem cbozodenns. Hozo nixy-
8aHHS NOMPEOYE KOMNAEKCHO20 NIOX00Y, IPYHMYEMbC HA 3ACMOCYBAHHT NEPOPATbHUX 2INOSTIKeMIYHUX 3ac0018, NPO8edeHHT OiEmo-
mepanii, incyrinomepanii ma gimomepanii. Pusux 6uHUKHEHHs He2amueHuX noOiyHux eghpekmis 3pocmac npu Komoinosanii papma-
Komepanii yykposoeo diabemy. AKMyanrbHUM € NOUWLYK NPUHYUNOBO HOBUX 30 MEXAHI3MOM Oii 3aco0i8, 30amHUX 3HUNCY8AMU PI6EHb
2niKemMii ma iHCyIHOPe3UCMeHmHICb, CAPUSMU GIOHOBIIEHHIO [HCYIIHOYMBOPIOGANbHOI (BYHKYIT NIOULTYHKOBOI 3a1103U U HIGENI08AMU
WKIOAUBT 011 OP2aHi3MY NPOSAEU OKCUOAMUBHO2O CIPECY, WO PO3BUBACIbCA NPU YYKPOBOMY diabemi. Y ybomy ioHOuieHHi nepcnex-
MUBHUM € OOCTIOINCEHHSL 2IN02NIKeMiUHOT Ol IIKapcbKux pociun. Yemanoenenns ocoonueocmelt 6naugy QimoxomMnosuyii, ska Micmume
NONIGheHONbHUTL eKCMPAaKm i3 TUCTA JHCYPABTUHY 8eTUKONTIOHOL ma aminokuciom (L-apeinin, maypuH, eniyut), Ha namozeHemuymi
JAAHKU eKCNePUMEHMANbHUX NAMON0IUHUX NPOYECI8 | MEXaHI3MIG 1i 2INO2NIKeMIYHOI AKMUGHOCMI € NPIOPUMEMHUM Ma AKMYalbHUM,
a OMpUMAani pe3yrbmamu CRPUSIMUMYmMb PO3POOIeHHI0 HOBUX (himonpenapamie i3 2ino2nikeMiuHow Oi€.

Mema oocnioicennsn — 3’scysamu Memaborimomponti epekmu il 0OTPYHMY8amu OOYiIbHICMb 3ACMOCYBAHHS QiMOKOMNO3UYIT
Ha OCHOGI NONIGEHOTBHO20 eKCMPAKMY 3 TUCTSL ACYPAGTUHU eTUKONIIOHOT ma aminokucaiom (L-apeinin, maypun, eniyun) oas niosu-
wenHsl ehekmugHoCmi Kopekyii MemaboniuHux 3pyuenb Py eKCRepUMeHMaibHOMY YyKposomy oiabemi 2 muny.

Mamepian i memoou. Excnepumenmu nposoouu Ha CMameo3piiux wypax-camysx, AKum Mooemosanu Cmpenmo3omoyuHosutl
yyKkposuil diabem, a 0151 KOpeKyii 3acmocogyeani GimokomMnosuyilo ma ap@asemu.

Pesynemamu oocnioscennn. Dimoxomnozuyis Ha OCHOBI NONIGEHONLHOLO eKCMPAKMY 3 TUCIA JHCYPAGTUHU 8TUKONTIOHOT ma ami-
noxucnom (L-apeinin, maypun, eniyun) 3a ymosu JiKy8aibHO-NPpOQIIAKMUYHO0 3ACMOCYBAHHS NPU eKCNEPUMEHMATLHOMY YYKPOGOMY
diabemi 2 muny cnpusina 6i0HO6IEHHIO NOKAZHUKIE 8Y21e600H020 0OMINY, NOKPAWYEALa CMAH TiNiOH020 0OMIHY, OKCUOAHMHO-AHMUOKCU-
Oanmuull 6ananc Opeanizmy WsSIXoM KOpeKkyii 6 nedinyi meapun akmueHOCmi Kamaiasu i 30epedicertst nPUpoOHUX Pe3epsis GIOH0BILEHO20
27YMamiony, NOTNULY8ANA NPOYECU eHepeo3abe3neueH s KIIMUH Wisaxom cmabinizayii @ Kposi akmusHOCMI CYKYUHAMOe2iopO2eHA3U.

Bucnosok. Ompumani pezynemamu o6rpynmogyioms 0OYLIbHICMb NOOAIbUO20 BUGHEHHS (DIMOKOMNO3UYIL K NEPCNEeKMUBHO20
npomudiabemuuno2o 3acooy.

Knrwouosi cnosa: yyxkposuii oiabem 2 muny, cmpenmo3omoyut, HiKOMmuHamio, HCypasiuna 6enUKONIiOnd, amiHOKUCIOMU.
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THE INFLUENCE OF ANEW PHYTOCOMPOSITION ON THE PROCESSES
OF NON-ENZYMATIC GLYCOSYRATION, INDICATORS OF LIPID METABOLISM
AND THE BALANCE OF PEROXIDE OXIDATION OF LIPIDS INAMODEL OF TYPE 2 DIABETES

Actuality. Diabetes is one of the global medical, social and economic problems of today. Its treatment requires a complex approach
and is based on the use of oral hypoglycemic agents, diet therapy, insulin therapy, and phytotherapy. The risk of negative side effects
increases with combined pharmacotherapy of diabetes. The search for fundamentally new agents with a mechanism of action capable
of reducing the level of glycemia and insulin resistance, promoting the restoration of the insulin-forming function of the pancreas,
and eliminating the harmful manifestations of oxidative stress that develop in diabetes is urgent. In this regard, the study of the
hypoglycemic effect of medicinal plants is promising. Establishing the specifics of the effect of the phytocomposition, which contains a
polyphenolic extract from cranberry leaves and amino acids (L arginine, taurine, glycine), on the pathogenetic links of experimental
pathological processes and mechanisms of its hypoglycemic activity is a priority and relevant, and the obtained results will contribute
to the development of new phytopreparations with a hypoglycemic effect.

The purpose of the work. To find out the metabolitotropic effects and justify the feasibility of using a phytocomposition based on a
polyphenolic extract from cranberry leaves and amino acids (L arginine, taurine, glycine) to increase the effectiveness of the correction
of metabolic changes in experimental type 2 diabetes.

Material and methods. Experiments were conducted on sexually mature male rats, which were modeled with streptozotocin
diabetes, and phytocomposition and arfazetin were used for correction.

Research results. A phytocomposition based on a polyphenolic extract from large-fruited cranberry leaves and amino acids (L
arginine, taurine, glycine) under the conditions of therapeutic and preventive use in experimental type 2 diabetes contributed to the
restoration of carbohydrate metabolism indicators, improved the state of lipid metabolism, and the oxidant-antioxidant balance of the
body by correction of catalase activity in the liver of animals and preservation of natural reserves of reduced glutathione, improved the

energy supply processes of cells by stabilizing the activity of succinate dehydrogenase in the blood.
Conclusion. The obtained results substantiate the expediency of further study of the phytocomposition as a promising antidiabetic agent.
Key words: type 2 diabetes mellitus, streptozotocin, nicotinamide, large-fruited cranberries, amino acids.

Beryn. AktyansHnicTs. Llykposuit niabet 2-ro tumy
(mami — I1/I2) — mopyimeHHS BYIJIEBOJHOTO OOMIHY,
3yMOBJICHE  MEPEBAXKHOK  1HCYNIHOPE3HUCTEHTHICTIO
1 BITHOCHOKO 1HCYJIIHOBOKO HEJOCTaTHICTIO abo Tepe-
BaXHUM MOPYIICHHSAM CEKpelil IHCYIiHy 3 iHCYyJIiHO-
pe3ucTeHTHICTIO yn Oe3 Hei. Maibke 90% BUMankis
ykpoBoro aiadery (nami — LI/1) mpunagae Ha XBOpUX 13
[I/12. 3aXBOprOBaHICTh BHIIA CEPE]] 0CIO MMOXUIIOTO BIiKY.
3a MPOTrHO30M aMEPUKAHCHKUX E€KCIEPTiB, y pasi 3011b-
MICHHS CePETHhOI TPUBAIIOCTI KHUTTA 10 80 POKIB, KiJb-
kictb xBopux Ha L[/I2 B CLLIA cranoButume nonan 17%
ycworo HaceneHHst (AlOtaibi, Almesned, Alahaideb,
2021, p. 3481-3489). Hacenenns VYkpailHM Takox
HEBIHMHHO cTapimae. [epoHTONOTH BBayKAIOTh, 10 Yepe3
25 pOKiB MPAKTUIHO KOKHOMY TPETHOMY JKUTEIIO Kpa-
1M Oyzne moHaya 60 pokie. HaiiBuimuii BijicOTOK 3aXBO-
PIOBAHOCTI CIIOCTEPIraeThes cepesl 0ci0 3 OXKHUPIHHAM.
Tak, y Jdrofei i3 OMIpHEM CTYIICHEM OXHPIHHS Yac-
ToTa JiabeTy 30unbLIyeThbcs B 4 pasu, 3 PIi3KO BHpa-
JKEHUM OKUPiHHAM — y 30 paziB. TakuM 4HHOM, OKH-
piHHS ¥ MOXWIKH BiK HAJIEXaTh O OCHOBHUX YHHHHUKIB
PHU3HKY, SIKi 3yMOBJIFOIOTH CXHIIBHICTH 10 pO3BUTKY L[J12.

3pOoCTaHHsl 3aXBOPIOBAHOCTI, THKKI 1HBAJIU3YIOU
HACIIJKA, OCOOMMBO Cepell TPare3IaTHOT0 KOHTHHTCHTY
HAaCeJICHHsI, BUCOKa JIETAIBHICTh TIPU3BENH JI0 TOTO, 1110 L1/]
YBIUIIOB JI0 Tpiajy XBOPOO, SIKi € HAYACTIIIOK TIPHINHOO
1HBaJTIIM3allii Ta CMEPTHOCTI JIFONel (arepocKiiepos, pak,
piacHe 1IJT) (Global Burden of Disease database, 2023).
BOO3 koncrarye, mo LI 3yMOBIIOE TiBUILIEHHS CMEPT-
HOCTI y 2-3 pa3u i CKOpoUye TpHBATICTh KUTT Ha 10-30%.
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Bopotnba i3 LI/ 3apaxoBaHa 10 MEIHKO-COIialb-
HUX TpoOmem. Lle 3aXBOpIOBaHHS € BaKKUM TATApeM
JUIL OXOPOHM 310pOoB’s, mpu npoMmy 80% ycix BUTpaT
Ha oOcTexeHHs U nikyBanHs L[/l mpumanae Ha XBOpUX
3 yckianHeHHAMH. Tomy B Oararbox KpaiHax CBITY
po3poOiieHi crieniaibHi HaIlioHANBHI Tiporpamu i3 L[J]
(Cochrane Database Syst Rev, 2020). IIpuunnu, 1o
CIIPUYHMHSIOTh 3POCTaHHS 3aXBOPIOBAHOCTI Ha Jiader,
Taki: 30UIBIIEHHS B CTPYKTYpi HaceJIeHHs ocib 31 cnaj-
KOBOIO CXWIBHICTIO 10 L1/1; 3pocTaHHs cepeaHbol TpH-
BaJIOCTI JKUTTA JItofIeH 13 MiJBUILEHHSIM BiJCOTKa OCi0
MTOXMJIOTO BiKY, K1 YacTillle XBOPIIOTh Ha Jia0eT; iHTeH-
cU(]iKaLis >KUTTS; MOTIPIICHHS €KOJIOT1YHOT Ta COIlialb-
HOI cuTyarii 0COOMMBO B KpaiHaX, sIKi pO3BHUBAIOTHCS;
XapakTep XapuyBaHHS HAaceJeHHs, L0 B IO€JHAHHI
3 TINOAMHAMIE TPU3BOJUTH JIO 3POCTaHHS KUIBKOCTI
0ci0 3 OXHUPIHHAM; MiJBHUIIEHHS YacTOTH XPOHIYHUX
CepIIeBO-CYJIMHHUX 3aXBOPIOBAHb (TINEPTOHIYHA XBO-
po0a, aTepockiiepo3), 0 TaKOXK € YAHHUKAMU PU3HKY;
noinimeHHs BusiBlieHHsT xBopoOu (Kanat, DeFronzo
Abdul-Ghani, 2015, p. 1207-1222).

JlixyBanus 11J]2 morpeOye KOMIUIEKCHOTO ITiXOY,
IPYHTY€ThCS Ha 3aCTOCYBaHHI IEpOPaJIbHHUX Tilo-
DIIKEMIYHUX 3aco0iB, Jieroreparii Ta QiToTeparrii
(McCreight, Bailey, Pearson, 2016, p. 426-435). Pazom
i3 THM BHKOPHCTaHHS CyYaCHHUX CHHTCTHYHHUX IIPOTH-
nia0eTUYHUX TpenapaTiB HEPIAKO CYHNPOBOKYETHCS
PO3BUTKOM HeOakaHUX e(DEeKTiB, TAKUX SIK TITOTIIKEMIs,
301IBIIEHHS] MacH Tijla, IUTYHKOBO-KHUIIKOBI PO3Jajy,
JaKTaT-auunao3, B, -medinvTHa aHeMis, TpHALMIIII-
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I[eposIeMisl, 3aTpUMKa piiuHY, HAOpSKU. PU3KMK BUHHK-
HCHHSI HETaTHBHUX MOOIYHMX e(eKTIB 3pocTae B pasi
npoBeAeHHs KoMOiHOBaHOi (apmakoteparmii L1J12. Tomy
aKTyallbHAM € IMOUTYK HMPUHIIMIIOBO HOBHX 33 MEXaHi3-
MOM [ii 3ac00iB, 3aTHUX 3HMKYBATH PIBEHb IIiKeMii
Ta 1HCYJIIHOPE3UCTCHTHICTh, CIPHITH BiTHOBICHHIO
IHCYTIHOYTBOPIOBAIBHOI (DYHKIIIT MiAIUTYHKOBOI 371031
Y HIBEJTIOBATH IIKIJIJIMBI IS OPraHi3My MPOSIBH OKCH 1A~
TUBHOTO CTPECY, 1110 po3BUBaeThes npu 1/12.

VY IpOMY CTOCYHKY TEPCIIEKTHBHUM € JOCIIIKCHHS
rimormikeMiqyHOl il JHKapChbKUX POCIHH, OCKLIBKH
(iToTeparisi 3aUIIAETHCS  HEBIJ €MHOIO YaCTHHOIO
npodinaktuku i mikyBanHs [1J]2 Ta ¥oro yckiagHeHb,
MoOxke OyTH 3aCTOCOBaHA B pasi JIETKOTO Iepediry XBo-
pobu sk MOHOTEpamis i y NO€IHAHHI 3 AI€TOTEPAITi€r0
abo BiJirpae JOMOMDKHY POJIb y Pa3i BHKOPUCTAHHS
TaOJIETKOBUX TNOMTIKEMIUYHHUX NPEnapariB 4d iHCYNiHY
(Blumberg, Camesano, Cassidy, 2013, p. 618-632).
KomruiekcHa Tepartisi CripsMOBaHa Ha JOCSITHEHHS KOM-
MeHcallil 3aXBOPIOBaHHS, HOro cTadiii3allito, a IHKOIH
Jla€ 3MOTY 3MEHIIMTH JI03y IHCYNiHY 9M TaOJeTKo-
BHX TIMOMTIKEMIYHUX 3ac00iB. diTompenapat Mao-
TOKCHYHI, MICTATh KOMIUIEKC OIOJIOTIYHO aKTUBHHUX
PEUYOBHUH, IO Ja€ 3MOTY BOIHOYAC BIUIMBATH HA Pi3HI
naHku narorexesy 1/12.

YcraHOBIIEHHST 0COONMMBOCTEH BIUIMBY (DITOKOMITO-
3|, sIKa MICTHTh MONi()EHOTBHHUIA EKCTPAKT 13 JIUCTS
JKYPaBJIMHHU BEJTUKOILTITHOT Ta aMiHOKUCIIOT (L-apriHiH,
taypuH, rinuH) (Schaffer, Won Kim, 2018, p. 225-241;
Menzel, Haller, Wilhelm, 2018, p. 557-568; Petrat,
Boengler, Schulz, 2012, p. 2059-2072), Ha naTtoreHe-
THUYHI JJAHKA CKCIICPUMEHTAIBHUX MATOJOTTYHHX IPO-
necis (I1J12) 1 MmexaHi3MiB ii rinmonIiKeMiuHOT aKTHBHOCTI
€ TIPIOPUTETHUM Ta aKTyaIbHUM, 8 OTPHMaHi pe3yJIbTaTH
CIPUATUMYTh PO3POOJIICHHIO HOBUX (hiTompemnapariB i3
TOOIIIKEMIYHOK JI€X0.

MeTta g0c/i:KeHHs — 3’9CyBaTH METa0OIiTOTPOIHI
eexkTH W OOIPYHTYBaTH JOLIIBHICTH 3aCTOCYBAaHHS
(iToKOMITO3M1Iii HA OCHOBI MOJIi(EHOIBHOTO EKCTPAKTY
3 JIHCTS JKypPaBIMHU BEIUKOIUTIAHOI Ta aMiHOKHCIOT
(L-aprinin, TaypuH, TIIIUH) IS TABUIIECHHS e(heKTHB-
HOCT1 KOPEKIlii MeTaboMIYHUX 3pYyIICHb MPH EKCIepH-
MeHTaiabHOMY L1J12.

Marepiaau Ta metonu gocaipkenusi. Cyxuii crimp-
TOBUI EKCTPAKT i3 JIMCTS KYyPaBIMHH BEIUKOILUTIiIHOL
3 JI0JIaBaHHSAM aMiHOKHCIIOT OTPUMaHO Ha Kadeapi dap-
MakorHo3ii HarioHanpHOTO (hapMarieBTUYHOTO YHiBEp-
CUTETY MiJl KepiBHUIITBOM Mpodecopa O.M. Komrosoro.
B onepxaHOMy cyXOoMy €KCTpPaKTi 3 JIUCTS KYPaBIUHH
BEJIMKOILUTITHOT MICTUThCS He MeHIne Hixk 10% deHons-
HUX CIOJYK y MEepepaxyHKy Ha rajioBy KHCIIOTY, HE
MeHIe HiK 5% TiIpOKCHKOPHYHHAX KHUCIOT y Tepepa-
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XyHKY Ha XJIODOTGHOBY KHCJIOTYy ¥ He MeHIIe Hix 2%
(bIaBOHOIMIB y IIepepaxyHKy Ha PyTHH.

Pedepenc-dirozacid 36ip «Apdazetun» (IIpAT
«JliktpaBu», YkpaiHa, MICTUTh NMAroHH YOPHUII 3BH-
qaifHOi, CTYJIKH IUIO[iB KBAcOJi 3BHYANHOI, KOpEHe-
BHUIIIA i KOPEHI eJIeyTepOKOKY KOIOYOro, IUIONU IINT-
IIMHHU, TPaBy XBOIIA MOJIHOBOTO Ta 3BIp000IO, KBITKH
pPOMAIIIKK) YBOIWIN B 11031 18 MII/KT ([103y /711 TBApHH
PO3paxoByBalli 3 BUKOPUCTAHHAM Koe(illieHTa BUIOBOL
CTIfiKOCTI).

ExcriepuMeHTH  MpOBOAMIM HA  CTATEBO3PLIMX
IHOpemHUX mIypax-camisx Macow (180£20) 1, sKux
YTpUMYBaJIl Ha CTaHJAPTHOMY pamioHi BiBapiro Harii-
OHAJBHOTO (hapMALEBTHYHOTO YHIBEPCUTETY 3 HOCTY-
oM 10 MUTHOI BoAu. TBapuH muIsAXoM ciimoi BHOipKH
paHIOMI30BaHO B Taki rpynu (n=7): 1-a — iHTAKTHHH
koHTpob (manmi — IK); 2-ra — mypu 3 KOHTPOJIEHOIO
narosoriero (mam — KIT); 3-s1 — typw, siki Ha /11 cTpen-
TO30TOLIMHY 3 MOMEpPEeIHIM YBEACHHSIM HIKOTHHAMIiTy
onepxyBanu (itokommosuiiiro (gam — DK) mosoro
100 MI/Kr BHYTpILIHBOILTYHKOBO; 4-Ta — TBApHHU i3
LJI, sixi oTpuMyBaii mpenapar MopiBHAHHSA — apdase-
THH — y 71031 18 MJI/KT BHYTPIIIHBOIITYHKOBO.

JocnimkyBany ®K i pedepeHc-nipenapar yBOAMIN
OJIMH pa3 Ha JeHb npoTsroM 28 1i0. [lepuie BBeneHHS
3ac00iB MOYMHAIM Yepe3 24 roJ| micis iHAYKIiT giadeTy.
TBapuHM TpymH KOHTPOJIIO OTPUMYBAIM BiATOBIIHY
KUTbKicTh 1iuTparHoro Oydepa (pH 4,5).

VYei MaHImynAmii TpoBOANIN 3 TOTPUMAaHHSAM NPHH-
UIIB OIOCTHKH BIJTNOBITHO JIO MOJIOXKEHHS €Bporeii-
ChKOT KOHBEHIII MO 3aXMUCT XPEOCTHHX TBAPHH, IO
BUKOPUCTOBYIOTBCSl U JOCHIAHUX Ta IHIINX HAYKO-
BUX Iel (european convention for the protection of
vertebrate animals used for expe-rimental and other
scientific purposes, CtpacOypr, 1986), 3akony Ykpainu
«[Ipo 3axucCT TBapWH BiIl YKOPCTOKOTO TOBOIKCHHS
(Bim 15.12.2009 Ne 1759-VI) i HdupextuBu €Bpomeii-
cekoro Corozy 2010/10/63 EU o0 ekcriepuMeHTIB Ha
TBapUHAX.

1/12 monenroBaiu 3a Mmetoaukoro S. Islam, H. Choi
(Islam, Choi, 2007, p. 243-249) nuisixom yBeACHHS
nypaM po3uuHy cTpento3oToiudy (STZ, «Sigmay,
CIIIA) 65 wr/kr, BHYTpIIIHBOYEPEBHO, OIHOPA30BO
3 momnepeaHiM (3a 15 XB) yBeICHHSIM HIKOTHHAMITY
(N, «Sigma-Aldrich», CIIA) iHTpanepuTOHCAIBEHO
230 Mr/kr Ha T OXHUPIHHS (YTPUMYBaHHS IIypiB Ha
BUCOKOKANOpiitHii mieTi Bupomosx 12 TmwkHiB). lypn
mpoTsiroMm 12 THXKHIB epeOyBain Ha BUCOKOKAIOPIHHIH
JeTi (mieTa 3 HAAMIPHUM YMICTOM HACHUYEHHX JKUPIB:
outku — 20,0%, xupu — 60,0%, Byreroau — 20,0% Bix
3arajbHOro Kajgopaxy). CTpenTo30TOLMH PO3YHHSIN €X
tempore ¥ yBoamaM Ha uTpatHomy Oydepi (pH 4,5),
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3BAXKAIOUM Ha TOW (DakKT, IO B JY)KHOMY Ta HEHTpaiIb-
HOMY CEpEIOBHILI BiH IIBHIKO NETPAIyeE JO HEAKTHB-
HUX METa0OJITIB 1 BTpayae CBOIO iaOCTOTCHHY aKTHB-
HicTb. [lomepenHe BBEICHHS HIKOTHHAMITY Ja€ 3MOTY
30eperti 10 40% 3amaciB MaHKPEATUYHOTO IHCYNIHY
B JIOCIIJTHUX IIypiB, 32 paXyHOK YOro, Ha BiIMIHY Bij
IHIIUX CTPENTO30TOIMHOBHX MOJICIICH, Y TBAPUH PO3BH-
Ba€ThCsI MOMIpHA 1 cTa0iIbHA Oa3abHA TIEPIIiKeMis.

Lst Moztenb 1a€ 3MOTy BiATBOPUTH TOJIOBHI MaTOTeHe-
THuHi o3Haku 1[/I2 Tumy B MOnuHM, a came MOPYIIeHHS
cekperii Ta aii iHCymiHy, 1 XapaKTepH3yEThCS PO3BUTKOM
IHTOJICPAHTHOCTI JI0 BYIJIEBOJIB, BIJIHOCHOK HEI0CTAT-
HICTIO CeKpellii 1HCYJiHy Yy BiANOBib Ha MiJABHINCHUN
PIBCHD TIIIOKO3H Ta 30€pEKEHHSM CEKPETOPHOI peakIil
Ha HETIIOKO3HI CeKpeToreH! (y TOMYy 4HCIi Ha cyibda-
HIJIaMIJTHI TIpenaparH).

[lo 3akiHUCHHI EKCIICPHMEHTIB IIypiB ACKAIiTyBaIN
i eipHUM HAPKO30M, BUBYAIM O10XIMIYHI TIOKa3HUKH
B CHPOBATI KPOBi i roMoreHarax nedinku. /s Oinbm
MOBHOI XapaKTePHCTHKU CTaHY IIFOKO3HOTO TOMEOCTa3y
B CHPOBATI KPOBI BU3HAYAJIHM BMICT IiPOBHHOTPAJHOI
KHCJIOTH, OJTHOTO 3 METalOJITIB BYIJICBOIHOTO OOMIHY,
II0 YTBOPIOETHCS B MPOLIEC] PO3Maay DIIIKOTCHY Ta TIIIO-
KO3H B TKaHUHAX, 3a peakiiiero 3 2,4-niHiTpodeHinriapa-
3uHOM (Saroj, Neera, 2010, 220 p.). AKTHBHICTb MpPO-
[IECIB DIIKOT€HOMI3y OIIHIOBAJIM 3a BMICTOM DIIIKOT€HY
B MEYiHIII 3 BUKOPUCTAHHSIM METOIY, IO TPYHTYETHCS Ha
OKHMCHEHHI TIPOAYKTIB KHCJIIOTHOTO TiIPOJTI3Y IILOTO MOJTi-
caxapuay. EHeprozabesneueHHs KIITHH TEYiHKH OIli-
HIOBAJIM 3a aKTHUBHICTIO cykKiuHataeriaporeHasu (CHI).
VY cupoBariii KpoBi ceKTpo()OTOMETPUIYHUMH METOAAMH
BH3HAYAITU TTOKA3HUKH JIITITHOTO OOMIiHY: YMICT XoJecTe-
puny (XJI), tpurninepuais (TT), minonpoteinis HU3BKOT
ta BUcokoi misHocTi (JITTHIL, JITIBILI) i3 BUKOpHCTaH-
HSIM HaOopiB peakTuBiB «BioSystemy» (Icmanist). PiBens
TBK-peakTaHTiB, SKi € KIHIIEBUM TPOIYKTOM Jierpajaii
HCHACHYCHUX JKUPHUX KHCIOT MeMOpaHHUX (ocomiri-
JIIB, BU3HAYAM 32 PEAKIII€r0 3 2-T100apOiTypOBOIO KKCIIO-
Toto cnekrpodoromerpudHo (Saroj, Neera, 2010, 220 p.).
Cran anTHokcuIaHTHOI cucteMu (AOC) omiHIOBaJIK 32
piaem BigHOBIEHOro rmyrtariony (GSH) 3a meromom
E.D. Bentler et al. 3 peaktuBoM Enmana i aKTHBHICTIO
Karaya3y, MPUHIUI SIKOTO IPYHTYETHCS HA 3MATHOCTI
MIEPEKHCY BOMHIO YTBOPIOBATH 3 MONIOIATOM aMOHIIO
CTiliKM# 3a0apBIICHNI KOMIUIEKC )KOBTOTO KOJIbOpPY (Saroj,
Neera, 2010, 220 p.).

3 METOK OIiHIOBaHHS 0allaHCy OKHMCHO-BiTHOBIIIO-
BaJIbHUX MPOICCIB BUKOPUCTOBYBaIM KoedirieHT red/
ox-6anmancy (K red/ox), sxuii po3paxoByBajH SIK BiHO-
IICHHS 3arajbHOI KUTBKOCTI MIPOOKCHIAHTIB JI0 3arajib-
HOI KUJIBKOCTI aHTHOKCHAHTIB, BUPAKAIN y BiTHOCHUX
onuHMIAX ymicty npookcuaantiB (TBK-P) no noGyTky
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BMICTY aHTHOKCHIAHTIB (KaTasiasu). 3a BiIHOCHY OJH-
HUIF0 TpUAMAalId 3HAUCHHS BEJIMYMH, SIKI BHU3HAYAIH
B IHTAaKTHHUX TBapHH:

K =(TBK-P _/TBK-P )/(Karanasa /Karanasa,).

TIOJI/AOC

PiBeHb Mapkepa JOBrOTPUBAJIOi TineprimikeMii — rii-
Ko3uIIbOBaHOTOo TemornoOiny (HbAlc) — BusHauanm
KOJIODUMETPUYHUM METOJZIOM 3a peakiliero 3 TiobapOi-
TYpPOBOIO KHUCIJIOTOK) 3 BHUKOPHCTAHHSM HAOOpy peak-
TuBiB («PearenT», Ykpaina). ¥ cupoBartiii KpOBi TaKOX
BU3HAYAIM MPOJAYKTH CIIOHTaHHOI OKHCHIOBAJIBHOI
Momudikarii Outkie (OMDB), HakonmuyYeHHsS SKUX 3a
YMOBH OKcuaaTHBHOTO crpecy mpu LI/ cBiguuth mpo
MOPYIICHHS CTPYKTYpH MeMOpaH KIIiTHH. MeToJ BU3Ha-
YeHHs OCHOBaHWM Ha peakiii B3aeMoail KapOOHIIbHUX
MOX1THUX OiNKIB 1 MHU(OBUX OCHOB i3 2,4-IUHITpOdE-
HinrigpazuaoM (JAH®I') 3 yrBopenHsm 2,4-nuHiTpode-
HUITIZPa30HIB: PiBeHb aJbJCTiIHMHITPODEHIITiapa3o-
HiB (A®I") — panHili MapKep MOMIKOUKEHHS, CBIIYUTh
PO TOPYIICHHS OKWUCHIOBAJIBHOTO TIOTCHINANY KJIi-
TUHY; KeToHAuHITpodeHutriapazonis (KADI) — mizHii
MapKep OKHCHIOBAIILHOT IecTpyKIlii Oinka (Saroj, Neera,
2010, 220 p.).

CraTUCTUYHHAN aHaJli3 MPOBOJMIM METOJOM Bapia-
LIAHOT CTATUCTUKU. BiAMIHHOCTI BBaXKajlld CTATUCTUYHO
3Hagynmmu npu p<0,05.

Pesyabratn pociigxeHHss Ta iX 00roBopeHHs.
PosButok 11/12 y mrypiB cynpoBOKYBaBCS BUPKSHUM
3HW)KEHHSIM 3aIlaciB DIIKOTeHY, 10 CBIIYUTH PO aKTH-
BaIiI0 MPOIIECIB TITIKOTEHOI3Y ¥ ITiABUIEHHS TITFOKOHE-
oreHe3y B neuiHui tBapuH 3 rpynu KII (tabmuus 1).

Tabnuns 1
Bniue @K na GioxiMiuHi moka3HHMKHM BYIVIEBOTHOTO
o0Mminy B nevinui mypis 3a ymos I1/12, X£S (n=7)

[oxazuuku
I'pynu TBapuH CIT, Inikoren, mr/100 r
MMOJIb/JI TKAHUHH
IK 0,13+0,02 3561,4+31,4
KIT (STZ+H) 0,04+0,01* 2010,1+32,7*
OK + STZ+H 0,14+0,01** 3790,4+46,2%%*
Apodazerun+ STZ+H |  0,08+0,02 3073,2+34,3%%*
[MpumiTkn:
1. * — BigMIHHOCTI JOCTOBIpHI IOAO 3HaueHb rpymu 1K,
p<0,05;

2. ** — BIIMIHHOCTI JOCTOBIipHI mono 3HayeHb rpymu KII
p<0,05.

CriocTepiraeThcsi OTIPIICHHST €HEPro3ade3neyeHHs
KITIITHH TICYiHKW Ta Jierpajaliiss MeMOpaH TrenaToIuTiB,
PO IO CBILMYMUTE 3HIKEeHHS akTuBHOCTI C/AI'y 3,2 paza
B meyiHi giadetnyrux mrypis. Ilix BrumBom ®K BeTa-
HOBJICHO BIiJTHOBJICHHS 3ariaciB IVIIKOT€HY B TEYiHII
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it axtuBHicTe C/I' no pisus IK, mpu mnpomy mpenapar
MOPIBHSHHS TIOKa3aB MCHIIY e(EKTUBHICTH IIOIO 3ama-
CiB IIIIKOTEHY Ta IMiJIBUIICHHS eHepro3ade3nevyeHHs Kiti-
THH MeviHKu (Tadmuns 1).

Ha nopymenns mponeciB yTuiizamii IITIIOKO3H 32
ymoB I1/I2 BkasyBajo MiJABHINECHHS BMICTYy MipOBH-
HOTpajHOi KUCIOTH B cHpoBaTmi KpoBi mrypiB KII,
piBeHb KO 3pocTaB y 2,4 pasza (p<0,05), Toxi sk y pasi
(hiTokopekIlii 3a JTOMOMOroK apdaseTHHy el Mokas-
HUK 3HMXKyBaBcs BigHocHo KII B 1,40 pasa, ®K — y
1,73 pasza (p<0,05). Lle cBiquuth mpo 3natHicTh (iTo-
3ac00iB TMO3WTHUBHO BIUTMBATH HA MPOIECH YTHIIi3allii
[JTFOKO3H, a 3 OIVISIIy Ha Te M0 HaJMipHE HAKOTTHYCHHS
MIPOBUHOTPAHOI KUCIOTH OyBae OJHUM 13 (PaKTOpiB
pOo3BUTKY MeTabomiunoro arunody npu LJ[2, moxxa
3pOOUTH MPUITYIIEHHS i MPO iX MO3UTUBHUMN BIUTUB Ha
KHCJIOTHO-ITY)KHUI OallaHC OpraHi3my 3arajioM.

JociimKkeHHs BILIUBY DK Ha MpOoLECH
He(EPMEHTATUBHOTO  TIIIKO3HWJIIOBAHHS, AaKTHBHICTh
HUTOMITHYHHUX TIpolieciB B opraHizmi tBapuH KII Bus-
BWJIO, IIIO 4yepe3 4 TIDKHI MICHs BIATBOPCHHS Y TBAPHH
/1 6a3anpHa riikemis Oyna BUIIOK, HiX y rpymi 1K,
y 2,13 pa3a, piBeHb DIiKO3WJIBOBAHOTO TE€MOITIOOIHY
3poctaB y 1,6 pasa (p<0,05). Ilpu BBenenni ®K mpo-
TATOM 4-X TIDKHIB piBeHb 0a3aJbHOT ITiKeMil B IypiB i3
/12 mocToBipHO 3MeHIMBCs Ha 42,3%, a BMICT IJiKO-
3UIIBOBAHOTO TeMOrno0iny — Ha 32%. 3a eeKTUBHICTIO
raJbMyBaHHS MPOIECiB HE()EPMEHTATUBHOTO TIIIKO3U-
moBaHHs DK nepeBaxania 3aXUCHUI BILUTUB Ipenapary
nopiBHSAHHS. [Ipo TOpPYmIEHHS NPOOKCHIAHTHO-aHTH-

OKCHAAaHTHOTO Oanancy mpu BigTBopeHHi L1J12 cBin-
9HJIO 3pOCTaHHs B KpoBi TBapuH BMicty TBK-peakran-
TiB y meuinui y 2,5 pasza nopisasHo 3 1K, y cuposarmi
KpoBi — y 2,1 pasi. [Topsia i3 UM y TEUiHI TBapHH i3
niabeToM peecTpyBalll CTaTUCTUYHO 3HAUYIIEC 3HU-
JKCHHSI aKTHBHOCTI KaTtayiasu i BuCHaXkeHHs mymy GSH
(Tabmuns 2), TOOTO 32 YMOBH EKCIEPUMEHTAILHOTO
L1/12 mopyuryBaBcst OaaHC OKHCHO-BITHOBIIOBATBHIX

3a tpuBasioro BBenieHHs @K HopMati3yBamcs porecu
[TOJI/AOC, po 1110 CBITYKIIO 3HIKSHHSI K omaoc 10 piBHS
IK (tabmuns 2) 1 npurnidenas OMB: piBens paHHIX i mi3-
HIX MapKepiB TMOIIKOKECHHS KIIITHHHUX OUTKIB OyB HIK-
qnm, HiK y rpymi K1, y cepenapomy Ha 58% (Tabmus 2).
Boxnouac mpenapar MOpiBHSIHHS MEHII BHPa)KCHO BILTH-
BaB Ha rampMyBanHsA mporeciB IIOJI i He oOMexyBaB
OKHCHIOBaJIbHY MO/TH(iKaIlifo OLTKiB. Kpim TOro, ycTaHOB-
neHo, 1m0 PK 3a yMOB JTiKyBaIbHO-TIPO(MITAKTHIHOTO BBE-
JICHHSI TIPOSIBUJIA BUPAKCHUH TIMOMIMIISMIYHHUH 1 T1I10X0-
necTepuHeMivuHmit edekT. Ilpn oMy 3a HOpMalTi3yrounM
BILUTMBOM Ha OLTBIIIICTh MOKa3HUKIB JIiTiIHOTO criekTpa PK
TiepeBakana npernapar MOopiBHIHHS.

BinmoBinmHO 70 OTpUMaHUX JaHUX (Tadmuns 3), 3a
YMOBH €KCIICPUMEHTAIFHOTO 1iabeTy B LIypiB i3 TPyHH
KIIT BigOyBamucst CyTTEBI 3MIHHM JIIMITHOTO MPORITIO:
yumict TI' 1 XC minBunrysascs y 2,7 pa3a Ta 2 pas3u Bif-
noBigHO. 30unbmenHHs piBHsg TT onocepenkoBaHo CBif-
YUTH PO AKTHBALIIO MIPOIIECIB JITTOHEOTCHE3Y B MEUiHII,
II0 CIPUSIE PO3BUTKY 1HCYTIHOPE3UCTEHTHOCTI y TBAPHH
KII. Iopsix i3 mum y cupoBsarii urypis i3 rpynu KII 3po-
cra ymict JITHILL y 2,1 pa3a, a pisens JI[IBIL] 31u-

Tabmuns 2

Bnuius @K na 6anaHc OKHCHO-BIZHOBJIIOBAJLHHUX MPOLECiB i BMiCT OKHCHeHUX MOAH(iKOBAHUX OLIKIB
3a ymoB LI/I2 y mypis, X+S_(n=7)

I'pynu TBapun
Moxa3unku K STZ+H
KII (STZ+H) | @OK+STZ+H | Apdpazerun+STZ+H
YV cupoBariii Kposi
Mzﬁl(;i”/n 211402 4,5260.4* 2,39+0,2%% 3,39+0, 1 %/%*
Karanasa, mxat/ii-cex 65,2+2,6 46,3+1,5%* 64,9+1,4%* 52,8+1,9*
| (—— 1 1,14 1,9
AJI®T, ekcr. 0,13+0,002 0,24+0,001* 0,14+0,002%* 0,20+0,001*
KJI®T, ekcr. 0,090,001 0,17+0,002* 0,1040,002%* 0,19+£0,001*
Y romoreHari rneviHku
TBK-P, MKkMOJIB/T 67,8+1,9 170,1+4,1%* 76,442, 7%* 149,1+£3,7"
Karanasa, MKat/T*cex 10,6+0,2 5,9+0,1%* 10,9+0,3"" 7,2+0,1*
GSH, MKMOJIB/T 4,6+0,2 2,8+0,1°* 5,940,3%* 3,5+0,2*

IMpumiTku:

* — BIIMIHHOCTI JOCTOBIpHI 00 3Ha4eHb rpymu IK, p<0,05;

** _ ginMIHHOCTI JOCTOBIpHI 010 3HaueHb rpynu KII p<0,05.mporiecis i3 nepeBakaHHsIM IEPOKCUAALT I iB, PO 110 CBIAYMIIO
2

M1JIBUILICHHS Knon A0

<Y 3 pasu (tabnmuus 2), sike BiOYBanocs 3a paxyHOK 30iNBIICHHS BMICTy BTOPHHHHX MPOJYKTIB IMEPEKiCHOTO

okxucHeHHs mimiaiB (I10JI) i sHmwkeHHs akTHBHOCTI AO3 (Tabmuiyt 2). Takok y cHpoBaTIi KpOBi OIIHIOBAIH CTYIIHb OKHCHIOBAJIEHOT
Mozaudixanii 6inkiB (OMB), sika ocTaHHIM 4acOM aKTUBHO BUBYAETHCS MIPU PI3HUX MATOJOTIAX. YCTAHOBICHO, 1[0 B CUPOBATI LIypiB
KIT 36unbmryersest BMict AJIOI B 1,8 paza ta KA®I B 1,9 pasa (tabmuns 2), 0 CBIAYUTH PO aKTUBALII0 OKMCHEHHS IIPOTETHIB.
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Tabmums 3
B @K Ha nokasHuku Jinianoro odminy B cupoBarui Kposi uiypis 3a ymos LI/I2, X+S (n=7)
IToka3zHuku
I
pymu Teapiu Xoaecrepun, XC-JHIBII, mmoas/a | JIITHII, MMoJib/J TT,

MMOJIb/JI MMOJIb/JI

IK 1,47%0,1 0,72+0,02 5,68+0,2 1,43+0,01
KII (STZ+H) 2,94+0,2%* 0,29+0,04* 11,73+0,3* 3,91+0,02%*
DOK+STZ+H 1,2940,3%* 0,91+0,06** 5,714£0,2%* 1,13+0,05%*
Apdazerun+ STZ+H 2,01+0,1 0,67+0,05%* 7,92+0,6** 2,36+0,02%*

IMpumitku:
* — BIZIMIHHOCTI JJOCTOBIpHI 110710 3Ha4eHb rpymu [K, p<0,05;
** _ BiIMIHHOCTI 10CTOBipHi oo 3HadeHs rpymu KII p<0,05.

)KyBaBcs y 2,5 paza. Hakonmuennst JITTHILL y cuposatii
KpoBi Ha 111 3HWKeHoro cuHTe3y JITIBII] cBiguuTh TIpO
PO3BUTOK aTepOCKIEPOTHYHHX TPOIIECIB Ha Tl TiabeTy,
10 PO3BUHYBCS BHACIIIOK yBeneHHs STZ.

3a nikyBanmbHO-TIpodinakTuaHoro BBeAeHH DK Bin-
OyBaJIOCs BITHOBJICHHS BCIX JIOCHI/KYBAaHHX TMOKAa3HH-
KiB J10 piBHS TBapHH i3 rpynu IK. 3okpema, mizx BiiuBoM
OK Bmict XC 3umxkyBaBcs y 2,3 paza, TI' —y 3,5 pasa,
JITHIL -y 2 pasu (p<0,05). IIpu npomy piBeHb aHTHA-
teporenHoi (paxuii JITIBIL nig Binueom @K 3poctas
MOPIBHSHO 3 aHAJIOT1YHUMH MMOKA3HUKAMHU HEJiKOBaHOI
rpynu B 3,1 pasa (p<0,05). 3a 30aTHICTIO NPUTHIYYBaTH
aTepOoreHH1 MPOLECH I aKTHBI3yBaTH MEXaHI3MU aHTHA-
TeporenHoro 3axucty @K 3HayHO nepeBUIyBaB Iperna-
par nopiBHSAHHS.

BucnoBku. OT:Ke, MOKEMO MiICYyMyBaTH TaKe:

1. 3a ymoBu ekcnepumentaibHoro L2 B mypis
JIOBe/IeHi rinmormikeMiuHi, rimosimizemMiuni, aHTHOKCH-
JaHTHI BJACTHBOCTI (hiTokKomMmo3miii HA OCHOBI mMO.Ti-
(beHOTLHOIO eKCTPAKTY 3 JIMCTS KYPABJIMHH BEJIUKO-
TuTiiHol Ta amiHokuciaor (L-apridid, TaypuH, mIilUH).
Iokazana 3narnicts @K nokpaiyBaTu npoiecu enep-
ro3zade3nevyeHHs! KJITHH ILISIXOM HOpMAaJIi3allii B KpoBi
AKTHBHOCTI CyKIMHATAeriiporeHa3n ¥ edeKTHBHO
3MEHIIYBATH MeTa0OJiYHMI aluI03 32 PaXyHOK 3HH-
sKeHHsI PiBHsI MIPOBUHOTPAHOI KHCJIOTH.

2. YcraHoB/IeHAa AHTHriNepriiiKeMiuyHa, AHTHOKCH-
JAHTHA, AHTHATEPOTeHHA /s hiTOKOMIIO3UIIiT 3yMOBJIIOE
il KOMIUIEKCHY aHTHIia0eTHYHY JIil0 Ta MOXKe 3a0e3me-
YUTU NPOPIIAKTUKY MiKPO- ii MAKPOCYIMHHMX YCKJIA-
HeHb, BILIMBAIOYH HA OCHOBHI JIaHKHU nartorene3y LJ12.
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QUALITY OF MONOFLORE SUNFLOWER HONEY
FROM DIFFERENT REGIONS OF UKRAINE

Actuality. Sunflower honey is one of the most popular honeys in the world and in Ukraine. On the world market, sunflower honey
makes up the largest percentage of Ukraine's export supplies. As a rule, beekeepers receive it in an amount that is 2—3 times higher
than the honey harvest of other varieties. Constantly high commodity demand for honey is one of the reasons for its falsification. Since
there is no approved method for detecting monofloral honey in Ukraine, solving this problem is important and relevant at the moment.

Study purpose. The purpose of the study is to evaluate the quality of monofloral sunflower honey based on the determination of its
organoleptic, physicochemical indicators and the content of pollen grains.

Material and methods. Sampling of honey, analysis of organoleptic and physicochemical parameters was carried out in accordance
with DSTU 4497: 2005 “Natural honey. Technical conditions”. Melisopalynological analysis and the ratio of fructose to glucose were
carried out according to generally accepted international methods.

Research results. 165 samples of sunflower honey from different regions of Ukraine were analyzed. Evaluation criteria for
monofloral sunflower honey in Ukraine have been established. The degree of monoflorality of sunflower honey can range from 45.0%
to 89.0%, with an average of 64.5%. Secondary pollens are mainly pollen from the legume family (peanut (Vicia spp.), clover (Trifolium
spp.), pollen grains from the Cruciferae family, common goldenrod (Solidago virgaurea L.). According to organoleptic indicators,
sunflower honey has a faint aroma of sunflower flowers, has a color from light yellow to dark yellow shades, consistency depending on
the season (liquid, viscous, very viscous, dense). According to physical and chemical indicators: moisture — 18.5%, proline — 233.38 +
53.76 mg/kg, electrical conductivity — 0.35 + 0.04 mS/cm, fructose to glucose ratio — 1.12 + 0.07, diastase 18.55 £ 2.97 un.Goethe the
content of reducing sugars is 87.72 + 1.96%, sucrose in the range of 0.6—4.2%, with an average of 2.91 + 0.81%.

Conclusion. A comprehensive approach to the identification and evaluation of the quality of monofloral sunflower honey has been
developed and the main criteria have been determined according to the degree of monoflorality (main pollen in the range of 45% and
more), organoleptic and physicochemical indicators.

Key words: sunflower honey, monoflorality, quality, organoleptic indicators, physicochemical parameters, proline, radionuclides,
heavy metals.
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AKICTh MOHO®JIOPHOT'O MEJY I3 COHSAIIHUKA PI3HUX PET'TOHIB YKPATHH

Axmyansnicms. Meo i3 consiwunuka nanexcums 00 HAUOLbW NONYIAPHUX Medig Y ceimi i Ykpaini. Ha ceimosomy punxy meo i3
COHAWHUKA CMAHOBUMb HANIOINLULULL 8I0COMOK eKCROPMHUX NOCMAaBOK Ykpainu. Ak npasuno, nacivsnuxu ompumyoms 1020 6 06ca3i,
akutl y 2—3 pasu nepesuugye meoosuil yposicail iHuwux copmis. [locmitinuil UCOKULl MOSAPHUL NORUM HA MeO € OOHIEIO 3 NPUYUH 1020
PEMeNbHO20 OOCHIONCEHHSL 1l YCIMAHOBNICHHS Kpumepiie GusAIeHHs MOHOGIOPHO20 Medy 13 coHsAwHuKa. Po3s azanna yiei npoonemu
€ BAICIUBUM MA AKMYATLHUM 3A80AHHAM CbO20OMI.

Mema 0ocnidycennn — oyinio8anHs AKOCMI MOHOPIOPHO20 COHAUHUKOBO20 MeDY HA OCHOBI 6USHAUEHHS LI020 OPeAHONENNUYHUX,
DI3UKO-XIMIYHUX NOKASHUKIG I 6MICHTY NUTKOBUX 3€PEH.

Mamepian i memoou. Biobip npob medy, ananiz opeaHonenmuyHux i QizuKo-XiMiuHUx NOKA3HUKI6 AKOCMI 30TCHI08ANU 32I0HO
3 JICTY 4497: 2005 «Meo namypanvruii. Texuiuni ymoeuy. Meniconaninono2iyHuil ananiz i 6U3HAYEHHsl CNIG8IOHOUEeHHS (DPYKMO3U 00
2NI0KO3U NPOBOOUNU 30 3A2ATLHONPUIIHAMUMU MIJICHAPOOHUMU MEMOOAMU.

Pesynomamu docnidxcenna. [Ipoananizoeano 165 3paskie cOHAUHUKO8020 MedY 3 PisHUX obracmell Yipainu. Yemarnosneno kpu-
mepii oyinI08aAHHA MOHOPIOPHO20 COHAUHUKO8020 MedYy 6 VKpaini. Cmyninb MOHODIOPHOCHI COHAUHUKOBO2O MeDY MOdCe CIMAHO-
eumu 6i0 45,0% 0o 89,0%, y cepedonvomy 64,5%. Bmopunnumu nuikamu nepeaslcHo € nuiok poounu 6ooosux (copiwox (Vicia spp.),
xontowunu (Trifolium spp.), nuikosi 3epua poounu xpecmoysimis (Cruciferae), 3onomapnuxy seuyaiinoeo (Solidago virgaurea L.).
3a opeanonenmuyHuMU NOKASHUKAMU MEO 13 COHAWMNUKA 80NI00I€ CIADKO BUPAMHCEHUM APOMAMOM KEIMOK COHAWHUKA, MAE KONIp 6i0
CBIMN0-JICOBMO20 00 MEMHO-IICO8MO20 BIOMIHKY, KOHCUCMENYIIO 3a1eACHO 8i0 nopu poKy (pioka, 6 ’aska, Oyice 6 ’a3Ka, winvna). 3a
Qizuxo-ximiunumu nokasuuxamu: gonocicme — 18,5%, nponin — 233,38+53,76 me/xe, enexmponpogionicme — 0,35+0,04 mC/cm., cnig-
gioHoweHHs. ppykmo3u 0o emiokosu — 1,12+0,07, diacmasza 18,55+2,97 00. Tome, ymicm 8ionoe06anvHux yykpie — 87,72+1,96 %,
caxaposu 6 medicax — 0,6—4,2% i3 cepeonim nokaznukom 2,9+0,81 %.

Bucnoesok. Po3pobneno komniexkcHuti nioxio 0o ioenmugixayii it OYiHI08aAHHA AKOCMI MOHODIOPHO20 COHAUHUKOBO20 MeY, BU3HA-
YeHO OCHOBHI Kpumepii 3a cmynenem MOHOGLOPHOCME (OCHO8HULL NUTIOK — Y Mexcax 8I0 45% i binbuie), opeanorenmusunumu ma Qisu-
KO-XIMIYHUMU NOKAZHUKAMU.

Knruoei cnosa: conawnuxosuii meod, MOHOpIOPpHICIY, AKICMb, OP2AHONENMUYHT NOKASHUKY, QI3UKO-XIMIYHI NOKA3HUKI, NPOILIH,
PAOIOHYKIIOU, BANCKL MEMATU.
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Introduction. Beekeeping products, in particular,
honey, due to its highly nutritious and medicinal properties,
are widely used in the nutrition of the population of
Ukraine, as well as in European countries (Miguel et
al., 2017; Dzugan et al., 2020; Hroshovyi et al., 2021).
The analysis of honey consumption indicates a growing
demand for this product (Ignjatijevi¢ et al., 2019).

The consumption of honey by the population
increases especially when it is used as a natural
means of prevention and treatment of various diseases
(Papounidis, 2023). The positive effect of sunflower
honey on the human body has been established, in
particular, in increasing immunity, improving the work
of the digestive system, preventing arthrosis, preventing
atherosclerosis, strengthening the cardiovascular system,
reducing the level of harmful cholesterol and stimulating
the regenerative properties of cells (Basa et al., 2016;
Durazzo et al., 2021).

There are three types of honey — floral, fall and
mixed, the first of which bees produce from nectar-
pollen-bearing plants, the second — from honeydew and
secretions of honey aphid, and the third — from both
nectar and honeydew and and secretions of honey aphid
(Miinstedt et al., 2009).

Bees produce flower honey from nectar-pollen-
bearing crops, the chemical composition and properties
of which depend significantly on the botanical origin.
A certain dependence of the chemical composition of
honey was also found on the breed of bees, raw materials
for its production, maturity, collection period, natural
and climatic conditions, etc. (Schievano et al., 2016).

Nectar-pollen-bearing plants that grow on the
territory of Ukraine are conventionally divided into
forest park, agricultural and meadow grasses. Each group
of nectar-pollinating plants is characterized by a certain
period of flowering — nectar productivity, duration of
flowering, availability of nectar for bees and its chemical
composition (Solomakha et al., 2022; Ibatullin et al.,
2020]). Nectar productivity of agricultural plants ranges
from 45 kg/ha to 140 kg/ha, duration of flowering — from
14 days to 40 days, flowering period — from April to
August. Nectar productivity of forest park plants ranges
from 25 kg/ha to 1000 kg/ha, duration of flowering —
from 7 days to 18 days, flowering period — March-May.
Nectar productivity of meadow grass varies from
20 kg/ha to 400 kg/ha, the duration of flowering is from
6 days to 60 days, the flowering period is from March
to September. That is, under such a condition, nectar
productivity and the flowering period of nectar-pollen-
bearing plants created conditions for the production
of polyfloral honey, while monofloral honey is limited
(Kovka, 2019).
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The nectar-pollen base and the natural and climatic
conditions of Ukraine make it possible to produce both
monofloral and polyfloral honey. Monofloral honey is in
the highest demand among the population (Da Silva et
al., 2016; Bilandzi¢ et al., 2017). Among the monofloral
honeys of Ukraine, it is necessary to single out acacia,
linden, buckwheat and sunflower honey (Schievano et al.,
2016). Monofloral sunflower honey is the most popular in
Ukraine and accounts for the largest percentage of export
supplies. In particular, Ukraine exported 48,000 tons of
honey to various European countries in 2022 alone.

Sunflower honey is characterized by a high glucose
content, which causes its high calorie content, it consists
of average 78% carbohydrates, 4% proteins, 17%
water, 1% ash and other biologically active substances,
in particular, vitamins, macro- and microelements,
enzymes, amino acids and polyunsaturated fatty acids
(Sari et al., 2012). Sunflower honey contains vitamins
C, E, PP, micro- and macroelements — iodine, potassium,
phosphorus, calcium, copper, sodium, manganese,
magnesium, aluminum, cobalt, selenium, enzymes —
catalase, invertase and phosphatase (Sari et al., 2012).

Itisknown thathoney, in addition to useful substances,
can also contain harmful substances — toxicants, the
concentration of which in this product depends on the
ecological state of the nectar-pollen-bearing lands.
The current state of nectar-pollen-bearing lands in
certain territories of Ukraine is characterized by soil
contamination with various toxicants (radionuclides,
heavy metals), which can lead to a decrease in the quality
and safety of beekeeping products (Razanov et al., 2022;
Razanov et al., 2023a; Snitynskyi et al., 2023; Razanov
et al., 2023b). Therefore, under such conditions, there is
a need for constant monitoring of compliance of honey
quality and safety with existing standards.

The purpose of our study was to evaluate the
quality of monofloral sunflower honey based on the
determination of its organoleptic, physicochemical
indicators and the content of pollen grains, radionuclides,
heavy metals.

Material and methods. The research material was
165 samples of bee honey from different regions of Ukraine
in 2021, which were sent to the laboratory as sunflower
honey. All samples were declared by the manufacturers
as monofloral sunflower honey. The samples were stored
as far as possible from sunlight at room temperature
before the start of the study. Sampling of honey was
carried out in accordance with SSU 4497:2005 “Natural
honey. Technical conditions” (Natural honey. Technical
conditions: SSU 4497-2005 2007).

The analysis of organoleptic and physicochemical
indicators was carried out according to DSTU 4497:2005
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“Natural honey. Technical conditions” (Natural honey.
Technical conditions: SSU 4497-2005 2007) namely
consistency, taste, aroma, crystallization, mass fraction
of water, diastase activity, mass fraction of reducing
sugars and sucrose, acidity, proline content, electrical
conductivity. Research on the ratio of the amount of
fructose to glucose was carried out according to generally
accepted international methods using the D-Glucose/D-
Fructose UV method test system. Determination of the
species composition of pollen grains was carried out by
the microscopic method. The identification of honey
bee pollen grains was carried out using an atlas and
using electronic pollen databases (PalDat). The specific
activity of Cesium-137 in honey was determined by
the gamma spectrometric method, Strontium-90 by the
chemical method, and lead and cadmium by the atomic
sorption method. The obtained data were processed
statistically using the Microsoft Excel 15.0 program to
calculate the arithmetic mean (M) and standard error (m)
(Mazur, 1997).

Research results. The obtained results (fig. 1)
showed that the compliance of the investigated honey
with organoleptic characteristics in accordance with the
typical characteristics of sunflower honey ranged from
73 to 100%, in particular, in terms of color — 100%,
consistency — 95%, and taste — 73%.

It was established that in 86 studied samples, the
percentage of sunflower pollen grains was 45% or
higher. Namely, it varied in the range from 45.0% to
89.0%, which was 64.5% on average. In 52% of the
analyzed bee honey samples, pollen grains from various
grasses were found.

Our research showed that in 6 samples of honey,
pollen from the legume family (Vicia spp.) was found —
13.2-17.6%, clover (Trifolium spp.)—19.4-33.0%, pollen
was observed in 2 samples grains ofthe cruciferous family
(Cruciferae) — 15.5%, in 9 samples were found pollen

grains of common goldenrod (Solidago virgaurea L.) —
27.8-36.3%.

Important secondary pollen grains were also found in
12 sunflower honey samples: buckwheat (Fragopyrum
esculentum) — 5.4-14.3%. In 8 samples of studied
honey there were pollen grains of willow (Salix spp.) —
12.4-21.3%, amorpha bush (Admorpha fruticose L.) —
5.6-8.9% and white acacia (Robinia pseudaacacia L.) —
4.4-73%. In 23 samples of honey, 17.4-29.9% of
creeping clover (Trifolium repens L.) pollen grains,
7.8-11.8% of white burkun (Melilotus albus), 7.8—11.8%
of white clover (Lamium album L.) were found.
During the study of 11 samples of sunflower honey,
pollen grains of field mustard (Sinapis arvensis L.) —
8.3-10.7%, linden (Tilia cordata Mill.)) — 5.8-7.8%,
meadow plantain (Lathyrus sylvestris L.) — 4.3-6.7%,
asparagus (Onobrychis arenaria) — 6.7-16.8% were
found. At the second stage of the research, the physico-
chemical parameters were studied only for monofloral
sunflower honey.

The results of research (table 1) showed that the
mass fraction of water in sunflower honey samples
ranged from 16.6 to 20.0%, which on average is
17.840.58, which corresponds to the national standard of
Ukraine and the Codex Alimentarius for honey (Codex
Alimentarius).

Enzyme activity, which is estimated by the diastase
number of honey, is an important indicator of its
maturity and origin. It was found that in 86 samples
of sunflower honey, the diastase number ranged from
13.4 to 23.6 units Goethe, with an average value
of 18.55+2.97 units Goethe.

The content of reducing sugars and sucrose in
the studied samples ranged from 82.8 to 91.2% and
0.6-4.2%, respectively. On average, the content of
reducing sugars was 87.72+1.96%, and sucrose was
2.91+0.81%.
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Fig. 1. Organoleptic evaluation of sunflower honey
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For most flower honey, the acidity (pH) value ranges
from 30.0 to 40.0 ml/kg. During the study of 86 samples
of sunflower honey, the acidity value ranged from 9.4
to 36.7 ml/kg, which averaged 20.33+3.6 ml/kg. During
the study of 86 samples of sunflower honey, acidity
values ranged from 9.4 to 36.7 mEq/kg, which averaged
20.33+3.60 mEq/kg.

The obtained data showed that the proline content
ranged from 98.0 mg/kg to 445.0 mg/kg, which averaged
233.384+53.76 mg/kg. The ratio of fructose to glucose
ranged from 0.9 to 1.24 with a mean value of 1.12+0.07.

According to the results of research, it was found that
monofloral sunflower honet differed slightly from the
standard indicators according to SSU in terms of physical
and chemical parameters. In particular, the average
values of the mass fraction of water, sucrose, acidity and
proline content were lower, compared to honey of the
highest grade according to SSU by 3.4%, 16.8%, 49.1%,
22.2% respectively, while such indicators as diastase
number, reducing sugars and electrical conductivity,
on the other hand, are higher by 28.9%, 9.6% and 75%
respectively.

It is important to note, in addition to the quality
indicators of honey, its safety. For example research
results (table 2) showed that monofloral sunflower
honey produced by bees in the conditions of the forest-
steppe of Ukraine contains both radioactive substances
and heavy metals, however, their concentration does not
exceed the maximum permissible levels (MPL). Thus,
the specific activity of Cesium-137 and Strontium-90
was lower than PL-2006 by 22.9 times and 238 times,

respectively. The concentration of lead and cadmium
in monofloral sunflower honey was also lower than the
MPL by 4.7 times and 3.6 times, respectively.

According to the results of our research, a certain
dependence was established between the diastase number
and the content of pollen grains in honey, in particular,
among the analyzed samples of sunflower honey (fig. 2),
the diastase number decreases with an increase in the
presence of pollen grains in honey.

30 42 70

Content of pollen grains, %

Diastasis, units Goethe

Fig. 2. Honey diastase activity depending on the
proportion of pollen grains in sunflower honey

It was proved that with a content of pollen grains
from 25 to 30%, the diastase number of honey was
within 19.5 units Goethe up to 23.6 units Goethe, and
with a content from 42% to 70% in the range from 15.4
to 18.5 units Goethe. That is, with an increase in the
level of pollen grains in honey, the activity of diastase
decreased.

Changes in the content of proline in honey were also
detected depending on the content of pollen grains in it
(fig. 3). In particular, it should be noted that during the
study of sunflower honey samples, where the content

Table 1

Physicochemical parameters of monofloral sunflower honey

Investigated indicators Units of measurement Measurement results Normatlvet;fz;lélle] according
Mass fraction of wster % 17.8+0.58 18.8%/21.0%*
Diastase nomber Units Goethe 18.55+£2.97 15.0%/10.0%**
Reducing sugars % 87.72+1.96 80.0*/70.0**
Sucrose % 2.91+0.81 3.5%/6.0**
Acidity mEq/kg 20.33+3.6 40.0%/50.0%*
Proline mg/kg 233.38+53.76 300.0*%/300.0%**
Correlation F/G 1.12+0.07 --
Electrical conductivity 0.35+0.04 0.2-1.0%/0.2—1.5%*

Note: * — honey of the highest grade, ** — honey of the first grade.

Table 2

Content of harmful substances in monofloral sunflower honey

Studied substances Units of measurement Actual content Norm according to TPL-2006 and MPL
Cesium-137 Bq/kg 8.7+0.32 200
Strontium-90 Bq/kg 0.21+0.012 50
Lead mg/kg 0.21+0.0031 1.0
Cadmium mg/kg 0.014+0.005 0.05

*Note: TPL-2006 — on radionuclides, MPL on heavy metals.
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of pollen grains was 42%, the proline content was
249 mg/kg, when the honey contained more than 70%
sunflower pollen grains, the proline content decreased
and amounted to 232 mg/kg, and in the presence of 16%
pollen grains, the proline content increased to 431 mg/kg.

16 42 70

Content of pollen grains, %

Proline, mg/kg

Fig. 3. Dependence of proline content on the
proportion of pollen grains in sunflower honey

The obtained data show that the value of proline
content in sunflower honey is less than that specified in
the national standard, but at the same time, this indicator
meets the existing EU requirements (proline content is
not less than 180 mg/kg).

Conclusion. As a result of the conducted research,
it was established that monofloral sunflower honey
producedinthe conditions of the forest-steppe of Ukraine
contains from 45% to 89% of pollen grains of this crop.
According to the organoleptic assessment, monofloral
sunflower honey, in particular, color, consistency and
taste, meets the standard by 100%, 95% and 73%,
respectively. According to the physical and chemical
parameters,monofloralsunflowerhoneyischaracterized
by the content of reducing sugars 87.72+1.96%,
sucrose — 2.91+0.81%, electrical conductivity
0.35£0.04 ms/cm, proline 233.38£53.76 mg/kg,
with a diastase number of 18.55+2.97 units Goethe.
However, it should be noted that with an increase in
the content of pollen grains in honey, a decrease in the
activity of diastase and proline was observed.

The content of monofloral sunflower honey
was lower than PL-2006 in terms of Cesium-137
by 22.9 times and Strontium-90 by 238 times, the
concentration of lead and cadmium by 4.7 times and
3.6 times, respectively, compared to the MPL.
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STUDY OF ANTIOXIDANT ACTIVITY
OF 5-(THIOPHEN-3-YLMETHYL)-4R-1,2,4-TRIAZOLE-3-THIOL DERIVATIVES

Actuality. Every day, the problem of overcoming the consequences of antioxidant suppression and the development of oxidative
stress becomes more and more significant for the entire medical society. To overcome this problem, it is necessary to inhibit the
release of reactive oxygen species and prevent damage to cellular structures. To this end, it is important to find and develop new
compounds with antioxidant properties. Promising substances in this direction are derivatives of 1,2,4-triazole, which have repeatedly
demonstrated efficacy and safety.

Purpose of the work — to study the antioxidant activity of new derivatives of 5-(thiophene-3-ylmethyl)-4R-1,2,4-triazlol-3-thiol
using the in vitro method.

Materials and methods. The basis of the in vitro screening method is the determination of markers of oxidative degradation of
proteins: aldehydphenylhydrazones (APH) and ketophenylhydrazones (KPH). The process of determining the oxidative modification of
proteins consisted in passing the reaction of interaction of oxidized amino acid residues with 2,4-dinitrophenylhydrazone, followed by
the formation of 2,4-dinitrophenylhydrazones, which had characteristic absorption spectra.

Results. As a result of the study, it was found that derivatives of 5-(thiophene-3-ylmet)-4R-1,2,4-triazole-3-thiol on the model of
protein peroxidation inhibition in vitro have high antioxidant activity. At the same time, calcium salt 2-((5-(thiophene-3-ylmethyl)-4H-
1,2,4-triazole-3-yl)thio)ethanoate (compound 2.30), sodium salt 2-((4-phenyl-5-(thiophene-3-ylmethyl)-4H-1,2,4-triazole-3-yl)thio)
ethanoate (compound 2.28) and ketoderivative 1-(3-fluorophenyl)-2-((5-(thiophene-3-ylmethyl)-4H-1,2,4-triazole-3-yl)thio)ethane-
1-on (compound 2.20). Comparison drug emoxipin was inferior to the leader compound 2.30 and exceeded the antioxidant effect
enhancement of compound 2.28 and compound 2.20.

Conclusions. It was found that the level of APH and KPH was most significantly reduced under the influence of the calcium
salt 2-((5-(thiophene-3-ylmethyl)-4H-1,2,4-triazole-3-yl)thio)ethanoate, which was not inferior to emoxipin. The leader compound is
promising for further research and study.

Key words: antioxidant activity, oxidative stress, 1,2,4-triazole.
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BUBUYEHHS AHTUOKCUJAHTHOI AKTUBHOCTI
MNOXIJHHUX S5-(TIO®EH-3-NIMETHN.JI)-4R-1,2,4-TPUA30JI-3-TIOJY

Axmyansnicme. 3 KoxcHUM OHeM npodiema NOOONAHHA HACTIOKIE NPUSHIYEHHS AHMUOKCUOAHMHOL cucmeMu ma po3gumky OKCuod-
MUBHO20 CIpecy cmae 0edai 3HAUYWiuLow Oisi BCb020 MEOUYHO20 CYCnintbemed. /s nooonants yiei npobnemu HeobXioHo ineioysamu
BUOILIEHHSA AKMUSHUX (YOPM KUCHIO MA 3aNn00iemu NOUKOONCEHHIO KITMUHHUX CIMpYKmYp. I3 yi€io Memoio akmyanbHum € NOuyK ma pos-
POONEeHHA HOBUX CNONYK 3 AHMUOKCUOAHMHUMU éracmusocmamu. Tlepcnexmusnumu peuosunamu wooo ybo2o € noxioui 1,2,4-mpua-
3011y, AIKI 6HCe HEOOHOPA30680 OEMOHCIMPYSA eeKMUSHICMb Mma De3neyHicmb.

Mema pooomu — susuumu aHMUOKCUOGHMHY AKMUBHICMb HOBUX NOXIOHUX 5-(mioghen-3-inmemun)-4R-1,2,4-mpuasnon-3-miony
3 GUKOPUCMAHHAM Memody in Vitro.

Mamepianu ma memoou. Ocro8ol0 CKPUHIH208020 MemOOy O0CTIONCeHHA N Vitro € 6U3HAYeHHs MAapKepié OKUCHIOBATbHOI
decmpykyii Oinkig: anvoeziogenineiopasonie (API) ma xemogenineiopasonie (K®I'). [lpoyec susHauenHss OKUCHIO8ATbHOT MOOUPpIKa-
yii OinKie nonseas y peaxkyii 63aeMo0ii OKUCHEHUX AMIHOKUCIOMHUX 3ATUKIS 3 2,4-OUHImPOheHineiopazonom 3 nooanibuum YmeopeH-
HAM 2,4-OuHimpoenineiopazonis, wo manu XxapaKxmepui Cnekmpu noiuHaHHs.

Pezynomamu docnioxcennsn. Y pesynvmami 00CIIONCEHHsL GUABNIEHO, WO NOXIOHT 5-(mioghen-3-inmemu)-4R-1,2,4-mpuazon-3-mi-
o1y Ha Mooeni iH2iOYBaHHS NEPEeKUCHO20 OKUCHEHHS OLIKI6 in Vitro Marms UCOKY AHMUOKCUOAHMHY akmusHicmb. Boonouac natisna-
yywiwutl eniug Ha pieenv AP ma K®I noxazanu cinv xkanvyito 2-((5-(miogen-3-inmemun)-4H-1,2,4-mpuazon-3-in)mio)emarnoam
(cnonyka 2.30), cine nampiio 2-((4-genin-5-(miogpen-3-inmemun)-4H-1,2,4-mpuason-3-in)mio)emanoam (cnonyka 2.28) ma kemono-
xione 1-(3-¢pmopdhenin)-2-((5-(mioghen-3-inmemun)-4H-1,2,4-mpuazon-3-in)mio)eman-1-on (cnonyka 2.20). Ilpenapam nopisHsaHwHs
emokcunin nocmynaecs cnoayyi nioepy 2.30 ma nepesuugyéas 3a cunoi aHmuokcuoanmuo2o egpexmy cnoayku 2.28 ma 2.20.

Bucnosok. Ycmanosneno, wo piseno ADI" ma KOI" naiibinewe 3uusxicysasca nio enaueom coii xanvyito 2-((5-(miogen-3-itme-
mun)-4H-1,2,4-mpuaszon-3-in)mio)emanoamy, sixka He nocmynanacs emoxcuniny. Cnonyka nioep € nepcnekmugHor 0Jis NOOAIbULO20
00CNIONHCEHHA MA BUBYEHHS.

Knrwuosi cnosa: anmuoxcuoanmua akmusHicmo, okcuoamugnutl cmpec, 1,2,4-mpuason.

Actuality. In recent decades, doctors have begun
to focus on changes in the development of traditional
diseases. In the last century, the most common cause
of death was infectious diseases, but thanks to the
discovery of antibiotics, their number has significantly
decreased. In the modern world, people are more likely
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to face and die from complications of cardiovascular and
oncological diseases, as well as diseases associated with
metabolic disorders. One of the significant causes of these
conditions is an imbalance in the pro-oxidant-antioxidant
system, a weakening of antioxidant protection, and, as a
result, the development of oxidative stress (Mockaoxk,
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Crpascbkuii, 2023). Intensification of lipid peroxidation
leads to an increase in the concentration of reactive
oxygen species (ROS), which in turn contributes to the
accumulation of toxic products and, as a result, to a
decrease in body resistance and inflammation (Violi F
et al., 2017; Garramone A. et al., 2018; Uepcbka Ta iH.,
2021).

The fight against oxidative stress can be carried out in
several directions, such as: inhibition of the formation of
pro-oxidant substances, increasing the activity and level
of endogenous antioxidant protection, and prescribing
exogenous antioxidants. Under modern conditions
of prolonged stress, it is quite difficult to influence
the endogenous level of antioxidant protection, since
stress is known to generate a large amount of reactive
oxygen species in mitochondria, microsomes and other
structures and cells. That is why exogenous antioxidants
play a significant role today. In the context of the search
for exogenous antioxidants, synthetic heterocyclic
derivatives of 1,2,4-triazole are of interest, which have
safety and the possibility of their long-term use without
complications of pharmacotherapy (Kapnyn Ta iH.,
2019; Karpenko et al., 2023). It is also a well-known fact
that 1,2,4-triazole derivatives exhibit antioxidant, anti-
ischemic and membrane-stabilizing effects (Shcherbyna
et al.,, 2022, Fouad, 2023). A significant result is
demonstrated by a successful “chemical symbiosis”,
namely the combination of thiophene and 1,2,4-triazole.

Purpose of the work. Study of the antioxidant
activity of new 5-(thiophene-3-ylmethyl)-4R-1,2,4-
triazole-3-thiol derivatives using a modern in vitro
method.

Materials and methods of research. In vitro
methods are characterized by high specificity, do not
require high expenditures on reagents and equipment,
allow for the exclusion of extraneous factors from the
model system that may influence the free radical process,
provide the opportunity for quantitative assessment of
the antioxidant activity (AOA) of the substances under
investigation, and simultaneously enable screening of a
large number of compounds (Chekman et al., 2016).

The basis of the screening method of the study is
primarily the determination of markers of oxidative
degradation of proteins: aldehydephenylhydrazones
(APH) and ketonephenylhydrazones (KPH). The
process of determining the oxidative modification
of proteins consisted in passing the reaction of
interaction  of  oxidized aminoxylate residues
with 2,4-dinitrophenylhydrazine, followed by the
formation of 2,4-dinitrophenylhydrazones, which had
characteristic absorption spectra. According to the
generally accepted method (Halliwell et al., 1999).

- 114

®ditoTtepanis. HYaconuc

25% trichloroacetic acid was added to the biological
material and centrifugal for 30 minutes. At 3000 rpm.
Then 2.2% 2.4-dinitrophenylhydrazine was added to
the resulting precipitate and incubated for 1 hour at a
temperature of 37C. After that, it was re-centrifuged
for 10 minutes at 3000 rpm. The resulting precipitate
was washed with ethyl acetate and diluted with 3 ml of
50% urea solution. Then 1 drop of a 7% hydrochloric
acid solution was added and diluted with distilled water
12 times. In the obtained solution, the content of APH (at
a wavelength of 274 nm) and KPH (at a wavelength of
363 nm) was determined by spectrophotometric method.
The antioxidant activity of the studied compounds was
compared with the widely used classic antioxidant
emoxipin.

Results. Antioxidant activity was investigated by
primary in vitro pharmacological screening for twenty-
three synthesized substances in a model of initiation of
free radical protein oxidation (table 1).

It was found that the most significant level of APH
was reduced by sodium salt 2-((4-phenyl-5-(thiophene-
3-ylmethyl)-4H-1,2,4-triazole-3-yl)thio)ethanoate
(compound 2.28) by 49.87%. At the same time, the
compound 2.30 calcium 2-((5-(thiophene-3-ylnethyl)-
4H-1,2,4-triazole-3-yl)thio)ethanoate and the compound
2.20 1-(3-fluorophenyl)-2-((5-(thiophene-3-ylmethyl)-
4H-1,2,4-triazole-3-yl)thio)ethane-1-on had significant
antioxidant activity (reduced by 44.90% and 44.82%,
respectively).

Under such circumstances, KPH levels were
significantly reduced by compound 2.9 (alkyl derivative
3-(methylthio)-5-(thiophene-3-ylmethyl)-4H-1,2,4-
triazole and compound 2.30 calcium 2-((5-(thiophene-
3-ylmethyl)-4H-1,2,4-triazole-3-yl)thio)ethanoate) by
39, 38% and 30.97%, respectively, which it indicated
inhibition of the processes of oxidative modification
of proteins. At the same time, as a trend, the level of
KPH decreased under the action of compound 2.20
(ketoderivative 1-(3-fluorophenyl)-2-((5-(thiophene-
3-ylmethyl)-4H-1,2,4-triazole-3-yl)ethane-1-on and
compound 2.28 sodium 2-((4-phenyl-5-(thiophene-3-
ylmethyl)-4H-1,2,4-triazole-3-yl)thio)ethanoate) by
14.53% and 14.34%, respectively.

Comparing the effect of the studied derivatives of
5-(thiophene-3-ylmethyl)-4R-1,2,4-triazole-3-thiol
on models of inhibition of oxidative modification of
proteins, we draw attention to a significant decrease in
the level of APH and KPH in compound 2.30, which
was the largest (the conditional effect index reached
75.87). The studied compound 2.28 was not inferior in
activity to the reference drug emoxipin (a decrease in
APH levels by 50.51%). At the same time, compound
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Table 1

Study of new derivatives of 5-(thiophene-3-ylmethyl)-4-R1,2,4-triazole-3-thiol (10M)

on a model of inhibition of oxidative

protein modification in vitro (n=9)

The wavelength is 270 nm The wavelength is 363 nm
Ne Compound, group E, Antioxidz:;lt activity, E, Antioxidant activity, %
(]
Control group 3,737+0,001 5,230+0,001
Compound 2.5 5,082+0,001" +35,99 8,890+0,001" +69,98
Compound 2.9 4,006+0,001 +7,19 3,170+0,001" 39,38
Compound 2.11 3,976+0,001 +6,39 10,730+0,001" +105,16
Compound 2.13 3,836+0,001 +2,64 6,027+0,001" +15,23
Compound 2.16 4,015+0,001 +7,43 19,450+0,001" +27,89
Compound 2.17 3,847+0,001 +2,94 6,910+0,001" +32,12
Compound 2.20 2,062+0,001" 44,82 4,470+0,001 14,53
Compound 2.21 3,856+0,001 +3,18 8,320+0,001 +59,08
Compound 2.22 3,795+0,001 +1,55 6,130+0,001 +17,20
Compound 2.24 3,683+0,001 1,44 5,3700+0,001 +2,67
Compound 2.25 3,687+0,001 1,33 5,460+0,001 +4,39
Compound 2.26 3,734+0,001 0,08 6,130+0,001 +17,20
Compound 2,28 1,873+0,001" 49,87 4,480+0,001 14,34
Compound 2,29 3,835+0,001 +2,62 7,580+0,001 +44,93
Compound 2,30 2,059+0,001" 44,90 3,610+0,001" 30,97
Compound 2,31 3,985+0,001 6,63 13,640+0,001" +160,80
Compound 2,33 5,659+0,001" +51,43 7,430+0,001" +42,06
Compound 2,34 3,803+0,001 +1,76 5,660+0,001 +8,22
Compound 2,35 3,971+0,001 +6,26 8,870+0,001" +69,59
Compound 2,37 6,766+0,001" +81,05 5,510+0,001 +5,35
Compound 2,38 3,807+0,001 +1,87 6,260+0,001" +19,69
Compound 2,40 6,766+0,001" +81,05 5,490+0,001 +4,97
Compound 2,41 3,702+0,001 0,93 5,600-+0,001 +7,07
Control group 11,272+0,001 18,049+0,001
Emoxipin 5,578+ 0,667 50,51 14,111+ 0,220" 21,81

Note: * — reliability between the control and experimental groups (p<0.05)

2.20 and compound 2.30 were inferior to the comparison
drug in terms of the strength of this indicator. Reference
the drug emoxipin was also inferior in its effect on KPH
levels to compound 2.9 and compound 2.30.

Based on the results of the study, it is also possible
to draw certain conclusions about the structure-action
relationship. An interesting fact is that the level of APH
significantly decreased under the influence of compound
2.28, which is a sodium salt containing a phenyl radical
in the fourth position of the 1,2,4-triazole ring. In turn,
compounds 2.30 and 2.20, which have a hydrogen atom
in the same position, also showed significant results, but
still less than the results of compound 2.28. relative to
the KPH level, the best indicators belong to compounds
in which a hydrogen atom is present in this position,
i.e. 2.9, 2.30 and 2.20. Conversely, the introduction of a
phenyl radical into the fourth position of the triazole ring
reduces the effect on KPH inhibition.

Discussion. It is known that under oxidative stress,
a significant indicator of violation of the morphological
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and functional properties of macromolecules is a
marker of oxidative modification of proteins. At the
same time, studies in this aspect were only theoretical
(Abed Elwahab & Al-Somaidai, 2023). At the present
stage, methods for studying spontaneous and stimulated
protein oxidation are used. They reproduce the oxidative
balance and reserve-adaptive properties in the body. Such
changes often lead to damage to genetic information,
various mutations and cause disruption of cell functions,
which leads to the emergence of many pathologies
such as cardiovascular diseases, neurodegenerative and
oncological diseases. Under this condition, the study
of oxidative modification of proteins is important in
assessing oxidative stress in individual cells and in the
body as a whole (Austin et al., 2024).

Many studies have shown that protein peroxidation
often causes inhibition of protein function in a number
of electron carriers, interaction of transport proteins, and
inhibition of ATP. Respiratory dysfunction occurs when
the oxidative potential of the mitochondrial membrane
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changes. All this indicates that oxidized proteins not
only fix oxidative stress, but also actively participate in
it (Li et al., 2024).

Therefore, protein peroxidation is important in the
process of oxidative stress and plays an important role
in the development of oxidative damage to DNA and
lipids in cells. The next study of these processes may
improve the methods of diagnosis and pharmacotherapy
of neurodegenerative pathologies, since protein
peroxidation is a specific and selective process and its
metabolites are markers of early oxidative stress (Reddy,
2023). The emoxipin chosen by us as the reference
drug is a highly effective inhibitor of protein oxidative
modification. When emoxipin is used under conditions
of cerebral and myocardial ischemia, there is an increase
in SOD activity, a decrease in the formation of marker
products of oxidative modification of proteins and
phospholipids, and preservation of the physicochemical
constants of the phospholipid bilayer of the membrane
(Kamenshchyk et al, 2024).

In our study, we evaluated the processes of oxidative
modification of proteins in vitro when studying
the effect of new S-derivatives of 5-(thiophene-3-
ylmethyl)-4R-1,2,4-triazole-3-thiol on models of protein
peroxidation inhibition. Note that these compounds have
a high antioxidant activity. At the same time, the most
significant effect on the level of APH and KPH was
shown by calcium salt 2-((5-(thiophene-3-ylmethyl)-
4H-1,2,4-triazole-3-yl)thio)ethanoate (compound 2.30),
sodium 2-((4-phenyl-5-(thiophene-3-ylmethyl)-4H-
1,2,4-triazole-3-yl)thio)ethanoate (compound 2.28) and
ketoderivative 1-(3-fluorophenyl)-2-((5-(thiophene-
3-ylmethyl)-4H-1,2,4-triazole-3-yl)thio)ethane-1-on
(compound 2.20), the conditional effect index of which
was 75.87,64.21 and 59.35, respectively. The comparison
drug emoxipin had a conditional efficiency index of
72.32 and was inferior in this indicator to the compound
sodium 2-((4-phenyl-5-(thiophene-3-ylmethyl)-4H-
1,2,4-triazole-3-yl)thio)ethanoate and exceeded in this
indicator compound 2.28 and compound 2.20. The
similar action of 1,2,4-triazole derivatives regarding
the inhibition of protein oxidative modification by the
Fenton reagent can be explained by the peculiarities of

their structure, which allow for both chelating divalent
iron and reducing Fe-dependent initiation of free radical
oxidation, as well as forming protective complexes
with protein molecules (Belenichev et al., 2022).
1,2,4-Triazole derivatives are capable of “straightening
out” oxidatively damaged protein molecules by
increasing the expression of HSP70 (Belenichev et al.,
2023) and directly neutralizing hydrophilic radicals
(Popazova et al., 2023). These derivatives maintain the
threshold sensitivity of membrane receptors, prevent the
polarization of ion channels, normalize ion transport,
preserve membrane fluidity, protect phospholipids
from oxidation, and reduce the Stern-Volmer constant
(the rate of quenching of free radicals) (Belenichev
et al., 2019). The aforementioned findings provide
experimental justification for further preclinical studies
of the aforementioned 1,2,4-triazole derivatives.

Conclusions

1. New derivatives of 5-(thiophene-3-ylmethyl)-
4R-1,2,4-triazole-3-thiol were studied on a model of
inhibition of oxidative protein modification in vitro.

2. It was found that the level of APH was most
significantly reduced by sodium 2-((4-phenyl-5-
(thiophene-3-ylmethyl)-4H-1,2,4-triazole-3-yl)thio)
ethanoate (compound 2.28), salt (compound 2.30) and
ketoderivative 1-(3-fluorophenyl)-2-((5-(thiophene-
3-ylmethyl)-4H-1,2,4-triazole-3-yl)thio)ethane-1-on
(compound 2.20).

3. It was found that KPH levels significantly
decreased under the influence of alkyl derivatives
3-(methylthio)-5-(thiophene-3-ylmethyl)-4H-1,2,4-
triazole (compound 2.9) and calcium 2-((5-(thiophene-
3-ylmethyl)-4H-1,2,4-triazole-3-yl)thio)ethanoate
(compound 2.30)

4.The most active compound 2.30 calcium
2-((5-(thiophene-3-ylmethyl)-4H-1,2,4-triazole-3-yl)
thio)ethanoate was not inferior in antioxidant activity
to the reference drug emoxipin.

Prospects for further research. Synthetic derivatives
of 1,2,4-triazole, which have antioxidant activity, are
promising for further study as effective and safe drugs
with the possibility of their long-term use without
complications of pharmacotherapy.
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ADAPTIVE TESTING IN PHARMACEUTICAL EDUCATION: STRATEGIES AND BENEFITS

Topicality. This paper investigates the effectiveness of adaptive assessment in pharmaceutical education, aiming to enhance
student s self-assessment and independent learning skills. Adaptive assessment, tailoring assessments to students' learning levels and
offering personalized feedback, shows promise in evaluating pharmaceutical understanding and identifying areas needing attention.
Through analyzing its impact, advantages, and limitations, this study provides insights into implementation and improvement.

The aim of the work. The aim of this research is to explore the implementation of adaptive testing methodologies within
pharmaceutical education, focusing on the strategies employed and the potential benefits accrued.

Materials and methods of the study. Bibliographical, analytical and comparative, logical, generalization.

Research results and their discussion. Research has shown that adaptive testing in pharmaceutical education leads to increased
student engagement. By tailoring the testing process to individual student needs and abilities, adaptive testing promotes active
participation and motivation among learners. This is supported by studies that have observed higher levels of student interest and
enthusiasm in courses where adaptive testing methods are implemented. his research summary provides an overview of the findings and
discussions related to the implementation of adaptive testing in pharmaceutical education. It highlights the benefits of adaptive testing
and emphasizes the importance of addressing challenges to maximize its effectiveness in educational practice.

Conclusions. Findings highlight increased student engagement, improved outcomes, and enhanced self-efficacy. Challenges
include task disclosure risks and technical requirements. Recommendations address these challenges. Despite limited application in
pharmacy education, adaptive assessment holds potential to personalize learning, improve outcomes, and boost student confidence.

Key words: new educational standard, adaptive testing, artificial intelligence, personalised feedback.
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AJIATITUBHE TECTYBAHHS Y ®APMAIIEBTUYHIN OCBITI: CTPATEI'Tl TA IEPEBATU

Axmyanvuicmo. Y cmammi 00cniodcyemocs epekmusHicmsb adanmueérHo20 OYiHIOGAHHS V (apmMayesmuyHitl oceimi 3 Memoro
NOKpAaujeHHs HABUYOK CAMOOYIHKU MA CAMOCMINHO20 HABYAHHs CTyOenmis. Aoanmuene oyinIO8aHHA, NPUCTNOCOBYIOUU OYIHIOBAHHS
00 PIBHA HABUAHHS CIYOEHMI8 | NPONOHYIOYU NEPCOHANIZ08AHUL 360POMHULL 36 A30K, € NEPCNEKMUBHUM OIS OYIHIOBAHHA PO3YMIHHA
apmayii ma eusnauenns eanysetl, ki nompedyioms yeéazu. Ananizyiouu to2o enius, nepesazu ma 00MexdCcents, ye 00Ci0NHCeHHS 0A€
PO3YMIHHI BNPOBAOACEHHS MA B0OCKOHANEHHS.

Mema oocnioxcennsa — guguumu 8NPOBAOHCEHHA AOANMUBHUX MEMOOOI02ill MeCny8aHHs 8 Mexcax apmayesmuynoi oceimu,
30CepeodHCyIouUCh HA BUKOPUCTNOBYBAHUX CIMPAMEIAX | NOMEHYIUHUX nepeeazax.

Mamepianu ma memoou 0ocnioxycenns. bibniocpaghiunuil, aHarimuko-nopieHAIbHULL, T02IYHUL, V3A2ATbHEHHS.

Pesynomamu oocnioxncenna. JJocniodxcenHs Nokazauy, wo aoanmueHe mecmysanusa y apmayesmuunini 0ceimi cnpuse niosu-
wennio 3anyuenocmi cmyodenmis. Ilpucmocogyrouu npoyec mecmyeanhs 00 iHOUSIOYyaibHux nomped i 30ibnocmeti cmyoenma, aoan-
Mu6He MeCmy8ants CNpUsie AKMueHitl yuacmi ma momueayii cepeo yunis. Lle niomeepodiceno 00CrioNCeHHAMU, Y AKUX cnocmepieanu
suwull pisens iHmepecy ma enmysiazmy cmyoeHmie 00 Kypcis, oe peanizo8ano adanmueni memoou mecmysans. Poboma niokpeciioe
nepesazu a0anmueHO20 MeCmy8anHsi Mma HA20NOULYE HA BACTUBOCI PO36 A3aHHs npodiem Ot Makcumizayii tio2o epekmuenocmi
6 OCBIMHIN NPAKMUYI.

Bucnosku. Bucnogku niokpecnonoms nOCULEHHs 3ATYYeHOCME CmMyO0enmie, NOKpAweHHs pe3yibmamie i ni0suiyeHus camoepex-
muenocmi. I[lpobremu micmsame pusuKu posKpumms 3a60ams [ mexuiuni eumozu. Pexomenoayii cnpsamosani na poss a3anms yux npo-
onem. Hezgadicarouu na oomedsicene 3acmocy8ants y papmayesmuynii oceimi, adanmusne oyiHo8anHs Mac nomenyian 0as nepcona-

ni3ayii Ha8UaHHs, NOKPAWEHHS Pe3yIbmamie i Ni08UWeHHs GNe6HEeHOCHT CIMYOeHmis.
Kniouogi crosa: nosuii oceimmuiii cmanoapm, adanmueHne mecmyeanHs, Wmy4Huil inmeiekm, NepcoHani308aHuL 360POMHULL 38 SI30K.

Actuality. Industrial Pharmacy for the second
(master’s) level of higher education, aimed at acquiring
specialised conceptual knowledge, including modern
scientific achievements in the field of professional
activity of a pharmacist and requiring participants in
the educational process to use the latest technologies
and teaching methodologies. The Dep. In 2022,
Ukraine approved a new educational standard in the
specialty 226 “Pharm artment of Drug Chemistry and
Drug Toxicology” of the Bogomolets National Medical
University is constantly searching for and implementing
the latest teaching methods and technologies and using
modern resources and platforms.

Modern pharmaceutical education requires innovative
approaches to assessment that meet the unique needs
of students and ensure an effective learning process.
Adaptive testing is an important tool that enables students
not only to demonstrate their knowledge, but also to
personalize their educational trajectory. In this context,
it is worth exploring examples of adaptive assessment
strategies implemented in pharmacy education and
considering how they contribute to improving the quality
of learning and developing professional competencies.

After graduation, pharmacists must be able to
maintain and expand their practical knowledge through
independent information seeking and continuing
professional development. For self-education to be
effective, it is necessary to know how to identify one's
own educational needs, evaluate achievements, compare
them with previous experience and the desired result. As
pharmacy students are usually taught through traditional
lectures, teachers lack the time and experience to
develop students' self-assessment skills and implement
self-directed learning strategies. The introduction of
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adaptive learning technologies in teaching contributes to
the development of the above skills in students and does
not require costly resources or time from teachers.

One of these technologies is adaptive assessment,
which is a type of assessment that adapts to a student's
level of learning and provides personalized feedback
based on their performance. This technology allows
measuring the level of understanding of pharmaceutical
principles and identify areas that require more attention
or practice. The use of adaptive assessment ensures
more effective development of students and helps to
create optimal conditions for their learning.

The aim of the work is to analyze the effectiveness
of adaptive assessment technologies in pharmaceutical
education for the development of students’ self-
assessment and independent learning skills. The main
objectives are to determine the impact of adaptive
assessment on students’ learning, identify the advantages
and disadvantages of this approach, and establish
its potential for improving the quality of pharmacy
education. The results of this study will contribute not
only to understanding the effectiveness of adaptive
methods in pharmacy education, but also to developing
recommendations for their optimal implementation and
further development.

Materials and methods ofthe study. Bibliographical,
analytical and comparative, logical, generalization.

Literature review

Today, learning assessments are often automated,
which makes it possible to store and analyse data on
student achievement and create more appropriate tests
to diagnose learning outcomes. This process of learning
analytics involves collecting data, identifying hidden
patterns that can lead to a more effective learning process,
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and continuously improving assessment strategies.
Learning analytics for adaptive assessment has clearly
defined goals: it increases the efficiency and effectiveness
of the learning process by adapting assessment materials
to the real needs of students. Current research on
assessment practices focuses on formative assessment,
which provides feedback and is informative for learning
analysts. The study by Tempelaar and colleagues (2015)
shows that computer-based formative assessment has a
high predictive potential. Adaptive assessment strategies
can include multiple-choice tests, simulations, or case
studies. Computer-based adaptive technologies include
interactive elements that allow students to experiment,
simulate or visualize solutions to professional problems.
In addition, adaptive computer-based assessment can
provide real-time data that can be used to adjust teaching
strategies or curriculum to meet the needs of students
and contemporary stakeholders.

Adaptive learning technology is also useful for
pharmacy education, as it can meet the changing learning
needs of students and the challenges of the healthcare
system. The results of this empirical study demonstrate
positive changes in the indicators of self-directed
learning outcomes of future masters of pharmacy after
the introduction of adaptive learning technology. The
essence of assessment adaptation is that each subsequent
question depends on the quality of the student's
answer to the previous one, thus creating a personally
adapted learning path. The level of difficulty of tasks
is determined by the quality of previous answers: the
more correct the answers, the greater the requirements
for subsequent tasks, and vice versa. If a student finds
it difficult, subsequent tasks will be simplified until he
or she has mastered the required level of knowledge.
Adaptive assessment tools are usually used for periodic
monitoring or regular practice. After the monitoring is
completed, the collected data is analyzed and the results
are used to further adjust the curriculum and individual
learning path of each student to optimize the learning
process.

In the modern learning environment, three types of
adaptive tests are used. The first type involves a task
of medium difficulty, and depending on the student's
success in completing it, the next task can be either
simplified or complicated. The second type requires a
bank of tasks divided into several levels of difficulty.
Students complete the simplest task from the first level
of difficulty, and upon successful completion, they are
given a task from the highest level of difficulty. The
third type involves an individual student choosing the
level of difficulty from which he or she starts testing, and
depending on his or her success, gradually moves on to
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the next task, which may be either more or less difficult.
In this case, the student can independently determine the
path of testing, choosing the level that meets his or her
own needs, abilities and knowledge.

We cannot but mention the impact of innovative
technologies on the development of adaptive testing,
namely artificial intelligence. The use of artificial
intelligence allows you to create individualized tests that
accurately reflect the level of knowledge and skills of
each student, making the testing process more accurate
and objective. However, the implementation of these
systems requires significant resources and attention to
academic integrity in the educational context.

Radkevych, a researcher of adaptive assessment
strategies, lists the advantages of such testing. For
example, it allows students to respond to the challenges
of today without overwhelming them, as the complexity
of each subsequent question corresponds to their current
level of knowledge. This helps reduce stress during the
assessment process and increases motivation to learn
new knowledge.

Research results and their discussion. Adaptive
testing is defined as an advanced assessment method
where each task is structured based on the student’s
previous answers. Its importance lies in the development
of personalized assessments that provide reliable
indicators of academic performance, achievement of
learning outcomes and individual learning support.
By adapting the complexity of tasks and their content,
adaptive tests become an integral part of the educational
process.

We will give examples of adaptive assessment
strategies that we used when teaching third-year students
when considering the topic “Drugs that stimulate afferent
nerve fiber receptors. Characteristics, classification,
relationship between structure and pharmacological
action, mechanism of action, examples”.

1. Formative assessment to create a personalized
learning path.

Prior to the lecture session on pharmaceutical
chemistry, students take a multiple-choice test on the
chemical, analytical and therapeutic classification of
drugs. The adaptive strategy of this assignment is that,
according to the results, students who answered most
of the questions correctly could listen to the lecture.
Students who had difficulties with certain categories
of tasks were offered additional resources, such as
video lectures or interactive exercises focused on basic
questions on the lecture topic. Students had to complete
these tasks before the lecture.

2. Adaptive simulation created in an online test
environment.
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Students participate in a simulated scenario of
dispensing medicines in a pharmacy. If the student
chooses the wrong medication, the simulation prompts
them to review the relevant information about the
medication before continuing. If the learner correctly
explains the drug interactions to the patient, the
simulation moves on to a more complex scenario
involving multiple drugs.

3. Simulations with dynamic questions created in an
online testing environment.

Students analyze a clinical case of a patient with a
specific disease. Follow-up questions are adapted based
on student responses: if a student is unable to identify
the appropriate drug class, the next question may
provide hints or suggest relevant learning materials. If
the student correctly identifies the class of drugs, the
next questions can focus on metabolism, side effects, or
dosage.

4. Personalized feedback with learning analytics.

Students complete a midterm test covering various
pharmaceutical calculations. The online assessment
platform provides detailed feedback, not just a score.
Students who make calculation errors receive specific
guidance on the formula or concept they did not
understand. Students who excel receive feedback that
highlights their strengths and suggestions for further
study of related topics.

These are just a few examples, and there are many
possibilities. The key is to use technology to create
assessments that dynamically adjust to individual
learners’ needs, providing targeted feedback and
promoting personalized learning.

Based on the results of these strategies, we have
identified the benefits of adaptive assessment:

— increased motivation and engagement of students
in learning: due to its dynamic nature and personalized
feedback, adaptive assessment makes the learning
process more informative and engaging for students;

— improved learning outcomes: adaptive assessment
methods allow students to focus on the topics they need
and receive personalized help, leading to better learning;

— increasing students’ self-efficacy: adaptive
assessment allows students to track their progress and
receive positive feedback, which helps them to identify
their strengths and weaknesses.

Depending on the purpose of the test (e.g., at
the beginning, middle, or end of the semester), it is
important to choose the right strategy. To do this,
we need to ask ourrselves the following questions:
What are the learning needs of the students? Does
the student's knowledge improve during the test
(and not just be assessed)? Do we want to assess the
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components of the learner’s knowledge or do we want
to measure the progress of the learner's learning while
taking the test?

One of the main limitations of adaptive assessment
is the potential for disclosure of tasks, where students
may share or memorize them, which calls into question
the validity of the assessment. To minimize this risk,
you need to create a bank of tests that can be randomly
selected. For this purpose, we recommend using artificial
intelligence, which can develop a large number of tasks.

An additional requirement for adaptive tests is the
need for consecutive tests to be taken at intervals to
allow for corrective action before retesting. In addition,
it must be recognized that different aspects of the content
being tested may be learned in any order over the course
of a series of tests, and thus the assessment of outcomes
may not reflect the quality of teaching for some students.
All students learn the material differently, and therefore
require a different number of questions in the test and,
in some cases, different wording of the questions. Other
challenges include the following:

— technical infrastructure: it is necessary to ensure
that adaptive assessment tools are compatible with
existing learning management systems;

— raising the level of educational digital competence
of teachers: it is advisable to organize trainings for
teachers on the use of adaptive assessment methods;

— time constraints: it iS necessary to integrate
adaptive assessment strategies into the existing
curriculum in an effective and timely manner;

— data protection: secure practices for collecting and
storing student assessment data should be implemented.

Although the ideas behind adaptive testing have
been around since the early 1900s, examples of its use
in pharmacy education are few and far between. Today,
the development of software to deliver comprehensive
tests that adapt in difficulty and content makes it easier
to implement more personalized forms of summative
assessment, and with it, more objective assessment and
confidence that each student is achieving all the required
learning outcomes, with individualized learning support
and feedback where necessary. Adaptive assessment has
significant potential to improve pharmacy education in
particular. By personalizing the learning experience,
such assessment helps students achieve better results,
become more engaged in their studies and believe in
their abilities.

Conclusion

Adaptive assessment strategies in pharmaceutical
education not only open up new horizons for students,
but also expand the possibilities of the educational
process. The introduction of formative assessment
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with a personalized learning path, adaptive benefits, such as increased motivation, improved
modelling and simulations with dynamic questions results and increased self-efficacy, demonstrate the
allows students to focus on important aspects of the importance and relevance of adaptive assessment in
material and receive individual support. The resulting today's educational environment.
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T'ICTOMOP®OJIOTTYHI JOCJIIIKEHHS MIOKAPIA
I BILINBOM ®APMAIEBTUYHOI KOMIO3UIIi HA OCHOBI JIIBOKAPHITUHY
HA MOJEJII IOMIPHOI TEMIYHOI I'lMOKCIi

Axkmyanvuicme. [Jocmamue 3a6e3neventss MKAHUH KUCHEM € GAICIUBUM OJisi HOPMATbHO2O (DYHKYIOHYEAHHS OP2aHiZMYy Mamepi
ma naooa, 0cobnueo & OpyeoMy ma mpemvomy mpumecmpax eacimuocmi. Tpueana eecmayitina 2iNOKcis acoyio8ana 3 maxkumu
YVCKAAOHeHHAMU 8a2imHocmi, aK emoniayenmapua neoocmamuicms (PIIH), npeexnamncia, xopioamuionim, cecmayivinuil diabem
ma odicupinns mamepi. Haiinowupeniuioro npuyunoio 3ampumxu 6Hympiunboympoonozo pozsumxy € ®IIH, sxa xapakmepuzyemucs
NOPYULEHHSAM MAMKOBO-NIAYEHMAPHO20 KPOBOMOKY, W0 NPU3E00UNb 00 0OMENCECHHSL HAOXOONCEHHS KUCHIO MA NONCUSHUX PEUOBUH 00
nnooa. Boonouac namonoziuni sMinu 8 NiayeHmapHux Cyounax, MikpoCcyoOunHa eHoomenianoHa OUCHYHKYIA PI3HUX OP2aHiE Md HeCnpu-
amaueuli nepebie 6a2imHocmi y Mamepie cNpuse Nio0GUWEHHIO PUSUKY Cepyeo-CyOUHHUX 3aX80PI08AHb — apmepianbHoi einepmensii,
iwemiuHol X60pobu cepysi, cepyesoi HeOOCMAaMHOCIMI, AMEPOCKIEPO3Y, THCYILIMY K Y PAHHLOMY NICTANOL02080MY Nepiodi, max i npo-
maeom nooansuioeo scumms. OcKinbKu Kapoiomioyumu € 0yxHce Yymausumu 00 d0eK8amHo2o 3a0e3neyents KUCHem, O0YiIbHO 00Ci-
oumu 2icmocmpykmypii 0Coonuocmi Miokapoa y 6a2imnux wjypie 3 ekcnepuMeHmanbHo 8i0meopeHoio NOMIpHOIO 2eMiUHOI0 CINOKCIEI0

© 1. BoJioxos, B. Pubak, C. Cokousosa, JI. Ceprienko, C. KycToBa 125 ==



Bionoria. Papmauin

nicas 3acmocygants gapmayesmuuroi komnosuyii (OK) na ocrosi nigokaprimuny 0k 6CMaHO6IeHHA iT KapOionpomexkmopHoi Oii,
wo dacmuv 3M02y OOTPYHMYSAMmU NePCneKmMUSHICMy ii 3aCMOoCy8aAHHA NPU 2INOKCEMIUHUX CIMAHAX Y 8a2imHUX, AKI acoyitiosani 3 PITH.

Mema 0ocniodcenns — 6cmaHo8umu 6n1U6 HapmayesmuiHol KOMNO3uyii Ha OCHOBI TIGOKAPHIMUHRY HA 2ICIMOMOPHONOSIUHI 0C00-
JUBOCMIT MIOKAPOA Wypié Ha MOOei NOMIPHOT 2eMIuHOI 2INOKCII.

Mamepianu ma memoou docnioxcenns. /[ocniodxcenns nposedeno Ha 32 HeNHIIHUX 6a2imHUX wypax eikom 6 micayis. 3 nepuioeo
OHs1 2ecmayii’ WoOeHHO 6npo0osc 15 0i6 wypam eHympiuHbouLTyHKO80 6600utu @K na ocnosi nisokapuimuny 6 eghexmueHiti 003i
25 me/ke, a wypam epynu no3umueHo20 KOHmMponio — pehepenmuuil npenapam — mpumemaszuoun 'y 0o3i 5,5 me/ke. I3 16 0o 20 ous
8acimnocmi i0MEOPEHO NOMIPHY 2eMIUHY INOKCII0 ULIAXOM GHYMPIUHbOOUEPESUHHO20 66e0eHHA Himpumy Hampiio 6 003i 50 me/xe.
Ha 20 0env sacimnocmi meapun 6Uu600UIU 3 eKCNEPUMEHNY OJisL NOOANLULO20 2ICIMOMOPPON02IUHO20 OOCIIONCEHHS MIOKAPO.

Pezynomamu oocnioxycennn. Bcmanosneno kapoionpomexmopny ito @K na ocnosi 1ioKapHimuHy wasxom oyinKu MikpoCmpyK-
mypu miokapoa ea2imuux wypie na mooeni nomipHoi eemiunoi inoxcii npu npoghinakmuurnomy zacmocysanni. Ilpoghinakmuune 6se-
Odenns @K na ocnosi nigokapHimumy 6 003i 25 me/Ke YuHUmMs 00CUMb SUPANCEHUL NO3UMUSHUL GNIUSE HA 2ICMOQYHKYIOHANbHULL CINAH
MIOKapoa, wjo NPOsAGIANOCH, K NOPIGHAMU 3 2DYNOIO HE2AMUBHO20 KOHMPOTIO, 3HUNCCHHAM O3HAK NOPYUEHHS 2eMOOUHAMIKU (8eHO3He
ma Kaninapue NOGHOKPI8 51, CHycCminicms ma cnasm apmepion) i sMit CmpyKmypu cyOUHHUX CMIHOK (NOMOSWeHHs ma OilKoge NpoCsK-
HEHHs1 CYOUHHOIL CMIHKU THMPAMYPAIbHUX apmepitl), SKi 6UHUKIU BHACTIOOK NOMIPHOT 2eMiUHOI 2INOKCIL.

Bucnoeku. Bcmanosneno kapoionpomexkmopny 0ilo ghapmayeemuinoi KoMnosuyii Ha 0cHogi 1i6OKapHimuHy 8 epekmugHiti 0031
25 me/ke y eazimuux wypie Ha mooeni nomipHoi eemiunoi cinoxcii. Kapdionpomexmopna oia ghapmayeemuunoi komnosuyii Ha 0cHO8I
JBOKAPHIMUHY 6 epeKmusHiti 003i 25 me/Ke y 6a2imnux wypie nposieianacs SMeHUeHHAM MOPHONOIUHUX O3HAK NOPYULEHHS 2eMOOUHA-
MIKU MIOKApOA i 3MiH CIMPYKMYypu CMIiHOK IHMPAMyparbHUuX apmepiil, K NOPIGHAMU 3 He2AMUGHUM KOHMPOIeM, Ma HAOIUNCANACs 00
cmany peghepenc-npenapamy mpumemasuout 6 izoegpekmusHiil 003i 5,5 me/ke. Hasgnicmo kapoionpomexmopHoi 0ii ghapmayeemuu-
HOI KOMNO3UYIi HA OCHOBI NIBOKAPHIMUHY CEIOUUMb NPO NEPCNEKMUBHICTNG NOOAILIUUX PAPMAKONOIYHUX OOCTIONCEHb 3 MEMOK NPo-
¢hinakmuku i 1IKy8aHHs HE2AMUBHUX HACTIOKIG (hemoniayeHmapHoi HedocmamHocmi 0 Mamepi ma niood, GUKIUKAHUX SINOKCIEND
nio uac eazim1ocmi.

Knwouosi crosa: kapoionpomexmopna 0isi, hapmayesmuyuna KoMno3uyis, 1i6OKApHIMuUH, 8a2imHicmb, MIOKapO.
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HISTOMORPHOLOGICAL STUDIES OF MYOCARDIUM UNDER THE INFLUENCE
OF PHARMACEUTICAL COMPOSITION BASED ON L-CARNITINE IN THE MODEL
OF MODERATE HEMIC HYPOXIA

Actuality. Sufficient oxygen supply to tissues is important for the normal functioning of the mother and fetus, especially in the second
and third trimesters of pregnancy. Prolonged gestational hypoxia is associated with pregnancy complications such as fetoplacental
insufficiency (FPI), preeclampsia, chorioamnionitis, gestational diabetes, and maternal obesity. The most common cause of intrauterine
growth retardation is FPI, which is characterized by impaired uteroplacental blood flow, leading to a restricted supply of oxygen and
nutrients to the fetus. At the same time, pathological changes in the placental vessels, microvascular endothelial dysfunction of various
organs and unfavorable pregnancy in mothers increase the risk of cardiovascular diseases, such as hypertension, coronary heart disease,
heart failure, atherosclerosis, stroke in the early postpartum period and throughout life. Since cardiomyocytes are very sensitive to
adequate oxygen supply, it was advisable to study the histological features of the myocardium in pregnant rats with experimentally
reproduced moderate hemic hypoxia after administration of a pharmaceutical composition (PC) based on L-carnitine to determine its
cardioprotective effect, which will substantiate the prospects of its use in hypoxemic conditions in pregnant women associated with PH.

The purpose of the study was to determine the effect of a pharmaceutical composition based on L-carnitine on the histomorphological
features of rat myocardium in a model of moderate hemic hypoxia.

Materials and methods of the study. The study was conducted on 32 nonlinear pregnant rats aged 6 months. From the first day
of gestation, daily for 15 days, rats were administered intragastrically with PC based on L-carnitine at an effective dose of 25 mg/kg.
Rats of the positive control group were administered the reference drug trimetazidine at a dose of 5.5 mg/kg. From day 16 to day 20 of
pregnancy, moderate hemic hypoxia was reproduced by intraperitoneal injection of sodium nitrite at a dose of 50 mg/kg. On day 20 of
gestation, animals were withdrawn from the experiment for further histomorphological examination of the myocardium.

Results of the study. The cardioprotective effect of PC based on L-carnitine was established by assessing the myocardial
microstructure of pregnant rats in a model of moderate hemic hypoxia during prophylactic administration. Prophylactic administration
of PC based on L-carnitine at a dose of 25 mg/kg has a sufficiently pronounced positive effect on the histological and functional state of
the myocardium, which was manifested, compared to the negative control group reduction of signs of hemodynamic disorders (venous
and capillary hemorrhage, arteriolar emptiness and spasm) and changes in the structure of vascular walls (thickening and protein
saturation of the vascular wall of intramural arteries), which occurred as a result of moderate hemic hypoxia.

Conclusions. The cardioprotective effect of a pharmaceutical composition based on L-carnitine at an effective dose of 25 mg/kg
in pregnant rats with moderate hemic hypoxia was established. The cardioprotective effect of the pharmaceutical composition based
on L-carnitine at an effective dose of 25 mg/kg in pregnant rats was manifested by a decrease in morphological signs of myocardial
hemodynamics disorders and changes in the structure of the walls of intramural arteries, compared to the negative control and
approached the state of the reference drug trimetazidine at an isoeffective dose of 5.5 mg/kg. The presence of cardioprotective effect of
the pharmaceutical composition based on L-carnitine indicates the prospects of further pharmacological studies for the prevention and
treatment of the negative effects of fetoplacental insufficiency on the mother and fetus caused by hypoxia during pregnancy.

Key words: cardioprotective effect, pharmaceutical composition, L-carnitine, pregnancy, myocardium.

Beryn. Axrtyaasnictb. [locraTHe 3a0e3neueHHs
TKaQHUH KHCHEM € BOKJIMBUM TSI HOPMAIBHOTO (QYHKITi-
OHYBaHHs OpPraHi3My MaTepi Ta U102, 0COOIUBO B Ipy-
roMy Ta TPEThOMY TPHMECTpax BariTHOCTi. TpuBaia
recralliifHa rilmoKcis acoIiifoBaHa 3 TAKIMH YCKIIaTHEH-
HSMH BariTHOCTI, SIK (heToruTalieHTapHa HEelIOCTATHICTh
(®IMH), mpeexiamIcis, XOpPiOAMHIOHIT, TeCTalidHHUN
niabet Ta oxupinas marepi (Giussani, 2016). Bimomo,
IO TINOKCHYHI CTaHH MOXYTh IiIBHUIIYBAaTH PHU3HK
PO3BHUTKY CEPIIEBO-CYAMHHUX Ta HEBPOJIOTIYHUX 3aXBO-
pIOBaHb, XPOHIYHOI XBOPOOH HHUPOK Ta XPOHIYHOTO
0OCTPYKTHBHOTO 3aXBoproBaHHs JiereHb (Lee, 2019).

BomHo4ac rimokcis Imij1 yac BariTHOCTI MPU3BOIUTH JI0
MOPYIICHHsI ITOCTAYaHHsI KUCHIO J0 TUIAICHTH, BHACIIIOK
9OT0 B IUTOZa MOKE BUHUKATH 3aTPHMKA BHYTPIIIHBOYT-
POOHOTO PO3BUTKY Ta PECIipaTOPHUIN TUCTPEC-CHHIPOM,
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OpoHXOIeTeHEeBa IUCIDIA3Is Ta JISTeHEeBa rinepTensis (Xie,
2022; Rock, 2021). 3i cBoro 00Ky, HECIPUSITINBI BHY-
TPIIIHBOYTPOOHI YMOBH, TillOKCEMisl Ta 3aTpUMKa PO3-
BUTKY IUTOZA 301IBIIYIOTh PH3UK BUHUKHEHHS B JI0POC-
JIOMY Billl CEPLIEBO-CYIMHHHUX Ta IIePeOPOBACKYISIPHHUX
XBOP0O, IykpoBoro miadery (Herrera, 2014; Rock, 2021).

BBaxaerpcsi, 0 HANMOMMPEHINIO  MPUYHHOIO
3aTPUMKH BHYTPIIIHEOYTpOOHOTO po3BUTKY € PIIH, sxa
XapaKTePH3YETHCS TIOPYIICHHSIM MATKOBO-IUIAIICHTAPHOTO
KPOBOTOKY, III0 TIPH3BOIUTE JI0 OOMEKEHHS Ha/TXO/KCHHS
KUCHIO Ta TOKMBHHX pedoBuH 1o rwioga (Rock, 2021).
BonHovac martonoriyHi 3MiHM B IUIAIIGHTAPHUX CYIMHAX,
MIKPOCYAMHHA €HIOTEeNiadbHa TUCHYHKIUS Pi3HUX Opra-
HIB Ta HECHPHATIMBHI MepeOir BariTHOCTI y MarepiB
CIIpUsi€ MiABUIICHHIO PH3UKY CEpIIEBO-CYAMHHHUX 3aXBO-
PIOBaHb — apTepianbHOi TiNepTeH3ii, imeMiyHoi XBOpoOH
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CepIIs, CepIIeBOl HEAOCTATHOCTI, aTePOCKIEPO3Y, HCYIIBTY
SIK Y PAHHBOMY TICIIATIONIOTOBOMY TIEPIOIi, TaK 1 MPOTATOM
nopasbiioro kUt (Jowell, 2022; Quesada, 2023).

Buacninox ®ITH y mioaa BinOyBaeTbes mepeposno-
JIJT KPOBOTOKY 3 MEPEBAKHUM 3a0€3MEUCHHSIM KHCHIO
JKUTTEBO BAXKIIMBHX OPraHiB (TOJOBHOTO MO3KY, MiO-
Kap/a, HaHUPKOBUX 3aJ103), @ TPABHUH KaHaJ, IIKipa Ta
MiIIKIpHA KJIITKOBHHA, HUXHI KIHIIIBKH TOLIO Xapak-
TEPU3YIOThCA TOCHAONEHHSIM Mikpounpkyssimii. [Ipn
®ITH y nmnoma BigOyBaeThCsl OKHUCIIOBAIBHHUEA CTpecC,
3amajeHHs Ta 3MiHM T€MOJMHAMIKH, IO TPU3BOIUTH
IO TTiIBUICHOTO HABAaHTAXXCHHS Ha Ceple Yepe3 BHCO-
KU OMip IUIAleHTapHUX CYJIUH, a 11e 0e3110CepeiHbO YK
OITOCEPEIKOBAHO BIUTHBAE HA PO3BUTOK CEPIICBO-CYINH-
Hoi cuctemu (Malhotra, 2019).

XpOoHiYHa T1ITOKCIsI MPU3BOIUTH JI0 MOP(HOJIOTIUHHUX Ta
(DYHKITIOHATBHUX 3MiH y Ceplli IUIOAA 3 MOKIIMBHM ITOAATb-
MM MiBUIICHHSIM CHCTOJMIYHOTO THCKY W 3HIDKCHHSIM
JIAaCTONIYHOTO HAIlOBHEHHs. BHACIIIOK MepioueproBoro
30epeKCHHST MO3KY 3HMDKYETBCS MOCTHABAHTAXKCHHS Ha
JBHH NITYHOUYOK 4epe3 IHepeOpaibHy Ba3oIuiaTalliio Ta
30UTBIIY€ETHCS TIOCTHABAHTAKCHHS Ha TPABUH IITyHOUOK
Yepe3 JICTCHEBY BAa30KOHCTPHKINIO 1 CHCTEMHY apTepi-
QITbHY Ba30KOHCTPHUKIIO CYJMH HWKHIX KIHIIIBOK. Kpim
TOTO, TIMOKCEMisi MOXKE MOPYIIUTH CKOPOUYBAJIbHY 3/1aT-
HICTh MiOKapya. 3MIHH Y BEHO3HOMY KPOBOOOIrY ILIOIa
TaKOXK TPOSIBIIAIOTHCS 30UIBIICHHSM 3BOPOTHOTO KPOBO-
TOKY B HWDKHIM TIOPOXKHHUCTIM BEHI MiJl 4ac CKOPOYCHHSI
nepezncepab (Herrera, 2014; Hutter, 2010).

OCKIJIbKH ~ KapiOMIOIUTH € JyXe YyTJIHBUMHU
0 ajaekBaTHoro 3abesmedeHHs kucHeM (Rodriguez-
Rodriguez, 2018), 101iJIbHO AOCTIIUTH TICTOCTPYKTYPHI
0CcO0NMMBOCTI MiOKap/a y BariTHUX IypPiB 3 eKCIIEPUMEH-
TaJbHO BIATBOPECHOIO TMOMIPHOK TEMIYHOIO TIMOKCIERO
micist 3acTocyBaHHs (hapmaneBTHIHOT komno3utii (PK)
Ha OCHOBI JIIBOKAPHITUHY JIUIsl BCTAHOBJICHHS 11 Kap/Ii-
OTIPOTEKTOPHOI Jii, 10 TaCTh 3MOT'y 00T pyHTYBaTH Tep-
CIIEKTUBHICTB i1 3aCTOCYBaHHS P TIIIOKCEMIYHUX CTa-
Hax y BariTHUX, sKi acoriifoBani 3 ®ITH.

O0’extoMm 1poro pociimkenss € DK Ha OCHOBI
JIBOKapHITHHY Y (hopMi CyONiHrBaIbHUX TaONETOK, sIKa
po3po0iieHa B CEKTOpI TEXHOJOTIT JIKapChKUX (opM
JepxaBHOi ycTaHOBH «IHCTHTYT mpoOieM eHIOKpHH-
Hoi matosorii iM. B. fI. Jlanunescwkoro HarionaasHOT
akazeMii MeINYHUX HayK YKpaiHW» MiJ KepiBHUIITBOM
Kycroroi C. I1. OcHOBHUMYU aKTUBHUMHU KOMITOHEHTAMH
00’€KTa TOCTIKEHHSI € JIIBOKAPHITHHY T1IAPOXIOPUL Ta
rrinuH (Kustova, 2020).

Merta nocaiizkeHHs1 — BCTAHOBUTH BIUIMB (Dapmaiie-
BTHUYHOT KOMITO3HIIIT HA OCHOBI JIIBOKAPHITHHY Ha TiCTO-
MOp¢OJIOTivHI 0COOIMBOCTI MiOKap/a IypiB Ha MOJEINi
MOMIPHOT TeMIYHOT TIMOKCIT.
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Marepianu Ta Metoau aocaimkeHHsi. Jlocii-
JOKEHHS NPOBE/ICHO Ha 32 HeNMiHIMHUX BariTHUX LIypax
BIKOM 6 MICSIIB. 3 TIEPIIOTO JIHS TecTallii, SKHid BCTa-
HOBJICHO 32 HasBHICTIO CIIEPMATO301MiB y BariHaJIbHUX
Ma3Kax, IOJCHHO BIPOJIOBXK 15 mid mrypam y BHIVISII
cycnensii 3 TBiHOM-80 BHYTpILIHBOIIUTYHKOBO BBOAMIN
®K Ha OCHOBI JIIBOKAPHITHHY, a II[ypaM I'PYITH TO3UTHB-
HOTO KOHTPOJIIO — pepepeHTHHI IpenapaT — TpUMeTa-
suauH (Tabnetku, 20 mr, TOB «Actpadapmy, Ykpaina).
@®K Ha OCHOBI JIIBOKAPHITUHY YBOJWIN B e(DEKTHBHIN
031 25 MI/KT, sika Oyna BCTAHOBIICHA Yy IOTIEPEIHIX
JIOCITI/DKEHHSX 32 aHTHTINOKCHYHOIO Aieto (Bonoxos,
2024). [loBenieHO, O TPUMETA3UIMH € KapAioMUTOIPO-
TEKTOPOM, IHTIOITOPOM OKHCHEHHS BUIBHMX MXMPHHUX
KHCIIOT, TIPOSIBIISIE aHTHAHTIHANBHY Ta aHTUTITOKCHIHY
Ji10, a TaKOXK 3MEHILye CTPYKTYPHI 3MiHH B MiOKap/i,
BHKITMKaHi Tirnokciero (van de Bovenkamp, 2020; bene-
HiueB, 2022). PesynbraTu paHIOMI30BaHUX KOHTPO-
JTHLOBAaHUX JIOCII/DKEHb CBiIYaTh MPO e(EKTUBHICTH
3aCTOCYBaHHS TPUMETA3UANHY IIPU CEpLEBiil HEAOCTAT-
Hocti (Grajek, 2015; Yu, 2022). Takox BCTaHOBJICHO
KapJiONpOTEKTOPHI €(PeKTH TpUMETa3HIUHY 3a YMOB
rinokcii B excniepumenti (Zhong, 2017; Chen, 2023).
ITokazaHo, 110 IUTONPOTEKIiS TPUMETA3UIUHY 3yMOB-
JieHa iHTeHCcH(iKaIliero 3a0e3edeHHs KIITHH SHEePriero
(beneniues, 2022). BoxHouac parioHagbHE YTBOPEHHS
1 BUKOPUCTAHHS CHEPTETUIHUX CYOCTPATIB € KIIIOUOBUM
aCIIEKTOM Y 3amlo0iraHHi PO3BUTKY MOPYIIEHb (DYHKIIi-
OHYBaHHsI cepIsd, a MeTaOoJliYHa Teparis ITiJBUIILYE
CTiliKicTh TKaHUH 0 rinokcii (Hetsbkenko, 2015). Bin-
MOBITHO JIO IHCTPYKIIT It MEIUYHOTO 3aCTOCYBaHHS
J1000Ba 71032 TPUMETAa3UIUHY Ul JIFOMUHU CTAaHOBUTH
60 mr (20 mr 3 pasu Ha 100y). Metomom 1O. P. Pubo-
JIOBJIEBA, YPaXOBYIOUHM KOE(IliEHT BUI0BOI Yy TJIMBOCTI
(I'magxux, 2016), BU3HaYeHO 130€(DEKTUBHY 103y TpH-
MeTa3uAMHY JUIS UIypiB — 5,5 MI/KL.

ExcrieppuMeHTanbHUX — TBapHH — PO3IONUIEHO HA
4 rpynu no 8 urypiB y KoxHii, 3 Macoro Tina 210-230 .
[leprry rpyry TBapHH CTaHOBWJIM iHTaKTHI IIypH, TBa-
puHM 2-1 rpynu (HETaTHBHUI KOHTPOJb) OTPHUMYBAJH
JIUCTHIILOBaHY BOAY B 00’ eMi 3,2 MiI, 1rypam 3-i rpynu
BBOJIWJIM TIperiapar IMOpIBHSHHSA TPUMETa3HIMH B i30-
edekTuBHIN 7031 5,5 MI/KT, a 4eTBepTid TPyl TBapHH
BBoquIM DK Ha OCHOBI JIIBOKApHITHHY B e(DEeKTHBHIN
11031 25 MI/KL

I3 16 no 20 gHS BariTHOCTI BiATBOPEHO MOMIpPHY
TeMIUHY TIMOKCII0 NUISXOM BHYTPIITHEOOYEPEBHHHOTO
BBE/ICHHsI HITpUTY Hatpito B 1031 50 mr/kr (Popazova,
2022). Ha 20-ii jmeHb BariTHOCTI TBapUH BHBOJWIH
3 EKCIIEPUMEHTY, TOTPUMYIOUUCH IIPABUII €BTAHA311.

[IpuroTyBaHHs TICTOJIOTIYHHMX TIpenapariB  3Jiid-
CHIOBAJIOCS 3a CTaHJApTHUMH MeTojamu (Suvarna,
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2019). Mikpomnpenapatd 3a0apBIOBaId T€MaTOKCHIIi-
HOM-CO3MHOM Ta BHBYAJIH 32 JOIIOMOTOI0 CBITIIOBOTO
Mikpockona «Primo Star» (Carl Zeiss, Himeuunna)
3 BMOHTOBaHOI0 kamepotro Canon G 10.

VYei TBapuHHM TepeOyBasd Ha CTaHAAPTHOMY pari-
OHI Xap4yBaHHS 3 BUIBHHM JOCTYIOM 70 BOJAW BiJIO-
BizmHO 710 pexomenaniit (Guide for the Care and Use of
Laboratory Animals, 2011). docmimkeHHs TpOBEACHO
3 JIOTPUMaHHAM: «CBPOIEHCHKOT KOHBEHIIT PO 3aXUCT
XpeOEeTHUX TBApPUH, K BAKOPUCTOBYFOTHCS JIJIS JTOCII/I-
HUIPKUX Ta 1HIIWX HayKOBUX minei» Bix 18.03.1986 p.
3 gonoBHeHHAMH 02.12.2005 p.; «dupexrusu €Bporieit-
chKoro mapiaMenty Ta Pagn €C npo 3axuct TBapuH, sKi
BHUKOPHCTOBYIOTBCS ISl HaykoBHX Iinein» 2010/63/€C
Big 22.09.2010 p.; «3aranbHUX CTHYHUX TNPHUHIIHIIB
CKCIIEPUMEHTIB HA TBapHHAX», yXBaJeHUX [I’sTHM
Hal[loOHaJbHUM KOHrpecoMm 3 Oioetuku (Kwuis, 2013).
Jm3aiiH eKCepIMEHTY Y3TO[DKEHO Ha 3aciaHHi KoMicii
3 nuTaHp OioeTnku HamioHampHOTO (hapManeBTHUIHOTO
yaiBepcutety (01.11.2021 p., mpoTtokon Ne 7).

Pe3ynbrarn gociaimkeHHss Ta iX 0OroBOpEHHsI.
BusiBoM BHCOKOT UyTIIMBOCTI MiOKapaa 0 piBHS KUCHIO
B KpOBI € HasIBHICTh NEBHUX 3MiH y HOTO TiCTOIOTIYHIN
OyZIOBi, SIKi XapaKTepHi AJIs TPHBAIOT TIOKCIi.

[Ipu ricTonoriyHOMY JocCiiKeHHI MOpQodyHKITiO-
HAJIBHOI OYIOBU CepLS IHMAaKmHuX IypiB BCTAHOBICHO,
1110 [IepeBakHa Maca CTIHOK Ceplis IPHIIAJIa€ Ha CEPE/IHIO
M’SI30BY OOOJIOHKY — MioKapi. 31 cBOro 00Ky, MioKaps

moOy/1I0OBaHO 3 Kap/IiOMIOIUTIB, sIKi MOYKHA TIOAITUTH Ha
3 rpymu: po6oui (CKOPOTIIHBI), MPOBIIHI Ta CEKPETOPHI.
Kapmiomionuta MaroTh HITIHAPUYHY (HOpPMY Ta yTBO-
PIOIOTH INUTBHO CKOMIUICKTOBAHI MapaieNbHI ITydKH.
ITomexonu M’30B1 BOJIOKHA Pi3HOHATIPABICHOT CIIPSIMO-
BaHOCTi. [lepeBaskHa KITBKICTh KapIiOMIOIUTIB — JBO-
saepHi. Slapa momoBxkeHO-0BaNbHOI (OPMHU 3 HITKUMHU
0a3ampbHIMH MeMOpaHaMH PO3TAIIOBYIOTHCS OJIMKYE
JI0 IIUTOJIEMH, a X JIOBra BiCh MapajeibHO OPi€EHTOBAaHA
BIJTHOCHO capkoieMu. MioiOpmiin MaroTh 4iTKy TOIe-
peuHy mokpecieHicTb. Capkojiema KapAiOMiOLUTIB,
TICHO KOHTAKTYIOYH 3 TOHKAUMH KOJareHOBHMHU Ta €Jac-
TUYHUMH BOJIOKHAMH, ()OPMy€ Tak 3BAaHMN 30BHIIIHIN
ckenet Kapaiomionutis. [IpocTopm Mik mydkamu Kap-
JIOMIOIIMTIB IIIJTMHONOMIOHI, HE3HAYHI, B HUX BigMida-
IOThCS TOHKI TPOIIAPKH 1HTEPCTHIIAIBHOI CHOIYYHOT
TKaHWHH 3 BEITUKOIO KIJIbKICTIO KPOBOHOCHUX 1 JIiM(o-
MUTAPHAX KaIJIAPIB.

KpoBOHOCHI CyAMHHM THpEACTaBICHI CyAMHAMH pi3-
HOTO Kaniopy 0e3 03HaK BHYTPIIIHFOCYANHHOI Ta 103a-
cynuHHOI narosorii. O3HaKu BEHO3HOTO MTOBHOKPIB’S Ta
cTa3y KpOBI B CYJJMHAX HE BUSBJICHI. Y MOOJANHOKHX Kap-
JIIOMIOIMTaX BUSBJICHO APiOHI MO3aiuHi JUISHKHA MiOIH-
TONI3Y, clabka BUPa3HICTh MOMEPEYHOI MOKPECICHOCTI
Mio(iOpmi, koHTpakTypa. Ilpore Ha TIi HOPMAIBHOTO
KpPOBOIIOCTAUaHHsI OpraHa CIIOCTEPIraroThCsl IpiOHi
JUISTHKA 3 TIOMIPHO BHPQXCHUMH O3HAKaMH ITiABHIIE-
HOTO KalIIPHOTO ¥ BEHO3HOTO MMOBHOKPIB’s (puc. 1).

Puc. 1. Miokapa inTakTHOI camMuni: A — HOpMaJdbHUI CTaH ceplUeBO-M’A30BUX BOJIOKOH (30inbienHs x200);
b — aprepii cepennboro kaiopy (30iibmenns x400); B — kouTpakTypa (40opHa cTpijika) Ta MiouuTOMi3
(6is1a cTpisika) pparmenTiB Bos1okoH (30inbmeHHs1 X250); I' — moonuHoKi AijisiHky (0BaJI) 3 MiIBUIIIEHUM

KPOBOHAMOBHEHHAM KanijiApiB (30i1bmenns x250). 3adapBiieHHs reMaTOKCHIiHOM-€03HHOM
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Bummenaseneni CTpyKTypHi 0COOMHUBOCTI B IHTAKTHUX
TBapUH MOXYTh OyTH BMSBaMH IIiJBUIIECHOTO HaBaH-
TaXCHHS Ha OPraHi3M IIiJl Yac BariTHOCTI Ta IOB’s3aHi
3 MiJBUIICHOI0 MOTPEOO0 B KPOBOMOCTa4aHHI i OKCH-
reHarii opraHis.

[pu MonemoBaHHI MOMIPHOT FeMIYHOI TMOKcii BHACTI-
JIOK YTBOPEHHS METTEMOIIO0IHY BiZI0yBa€ThCsI TIMOKCHYHE
TIOIIKO/KCHHS OpraHiB-MillIeHel, 30KpeMa CepIIs.

Y rpyni nHecamugno2o KOHMpPONIO BUSBICHO O3HAKU
MOPYIICHHS TEMOJMHAMIKH Y BUIJISII BEHO3HOTO i Karti-
JISPHOTO TOBHOKPIB’S. Y MPOCBITaxX BEIMKOI KiIBKOCTI
CYIMH MIKPOIMPKYJISATOPHOTO pycia CIOCTepiraiucs
SIBUIA CTa3y epuUTponuTiB (puc. 2). IIpu mpomy meBHa
YacTWHA apTepion mnepedyBana B CTaHi CIYCTUIOCTI,
a iHIIA YacTHHA JEMOHCTpYyBaja MOP(OIOTriuHi 03HAKH
CTa3My 31 3HAUHUM 3BY>KEHHSIM IIPOCBITIiB CyaMH (pHC. 3).
BusiBneno, mo geski aptepii (mepeBaxHO ApiOHOTO
Ta CEePeAHBOTrO KamiOpy) MOTOBINEHI 3a PaXxyHOK IUIa3-
MaTHYHOTO MPOCSAKAaHHS iX CTiHOK. B eHporemionmTax
€ muctpodiuHi 3MiHM, YacTHHA iX Mana 30UTbIICHHUN
PO3MIp Ta TOJACKOIM BUMMHAJIACS B IPOCBIT CYIMHH.
SAnpa eHporenmionuTiB Manu CcIabKOreMaTOKCHIIIHOBE

3a0apBIIeHHS, MOACKOIN CIIOCTepiraiacs BaKyoIi3amis 3i
3MiIEHHSIM siepetib. OKpiM TOTOo, BiiMidanacs ricToyo-
riyHa KapTHHA BUPAKCHOTO HAOPSKY MEPHUBACKYISPHOT
TKaHUHU (puc. 3).

[MomiTHUX 3MiH 3a3HaBaNM W KapjiomionuTd. Ha
MO3JOBXKHIX 3pi3aX MydYKH BOJIOKOH Majdl Pi3HOCHpS-
MOBaHy HampasJeHICTh MiodiOpun. Kapmiomioruru —
HeNpaBWIbHOT (POPMH, JEsIKi CKOPOYEHOTO PO3MIpY Ta
CTOHIIICHI; CIOCTEpIraloThcsi MHOXXHUHHI ~ OCEPEeIKU
(parmenranii BonokoH. LluTomasMa KapIiOMiOIHMTIB
y IUX AUITHKAX Mae€ Tinepeo3nHo]piIbHe 3a0apBICHHS.
Snpa npibHi, HeMpaBWIBEHOI OKpymIoi hopmu it po3ra-
moBaHi Mo mepudepii IMTOIUIA3MH KapAiOMiOLUTIB.
3a(hikcoBaHO PO3IIUPEHHS MIKM SI30BUX IPOCTOPIB,
y SKHX MICTHJIACsl HEBEJNMKA KUIBKICTh MyXKOi CHONTydY-
HOi TKaHWHU. [loeKonn crocTepiraeThCsi BTpara myd-
KOBO{ CTPyKTypH Miokapaa. OKpiM TOTO, 4acTHHA Kap-
JIOMIOITUTIB XapaKTEePHU3y€eThCS POSMUTHMHU KOHTYPaMHU
Ta BTPATOI0 TOMEPEYHOi MOCMyroBaHOCTi. Busasieno
03HAKH MIOIUTOMI3Y 3 TIOBHOIO BTPATOIO CTPYKTYPHOCTI
BOJIOKOH (TIOOIMHOKI HEUiTKi Ta ONifHI sIpa HepaBHUIIb-
HO1 hopMH) i 111JTi OIS 3 KOHTPAKTyporo (puc. 4). [Hoxi,

Puc. 2. Miokap TBAapUHH 3 TPYNIH HEraATUBHOI0 KOHTPOJII0: A — BUPaskeHe BeHO3He MOBHOKPIB s
(30inbmennst x200); b — BupakeHe KanijisipHe NOBHOKPiB’sl, cTa3 epuTPOLMUTIB (30i1b1IeHHA X250).
3a0apBJieHHs reMaTOKCH/IiHOM-€03HHOM

Puc. 3. Miokapa TBapuHHM 3 TPy HETATHBHOIO KOHTPOJIIO: A — CIIa3M Ta cnycTijicTs apTepioJ,

nepuaprepionsipuuii Hadpsk (30ibmenHs x200); b —

MOTOBINECHHS, IJIA3MATUYHE MPOCAKHECHHSA Cy}II/IHHO'l'

cTiHKH, IUCTPO(is eH0TeNiONUTIB, NepuBa3aIbHUil HAOpsik (30labeHHs X400).
3a0apBJieHHS reMaTOKCH/IiHOM-€03HHOM
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nepudOKanbHO, CIIOCTEPIraeThCsl  APiOHOBOTHUILEBA
KpymmoxsiTHHHA iH(pinsTpamis. [Ipu mpomy migsHKH
3 BHIICONHCAHUM JICCTPYKTUBHMM CTaHOM BOJIOKOH
MepeBaXkalld HaJl TUITHKaMU 3 Bi3yalbHO HE3MIHEHUMH
BOJIOKHAMH.

VY tBapuH, siki otpumyBanu @K na ocnosi nisokap-
HimuHy, CIIOCTEPIra€ThCs MOMITHE MOKPAIICHHS KpO-
BOOOIrYy B MiOKap/i, SK MOPIBHATH 3 TPYIOI0 HETaTHB-
HOTO KOHTPOJIO. YCTaHOBJICHO, III0 KAPTHHA BEHO3HOTO
i KaniJIIpHOTO MOBHOKPIB’SI Ma€ MOMipHY BHPaKCHICTb.
VY mpocBiTax OUIBIIOCTI CYyIUH CPUTPOLUTH PO3TAIIO-
BaHi BineHO. [Ipu 1ipoMy iX arperartist B mpocBiTi remMo-

KamispiB BiAMivanacs JHile B MOOJMHOKUX BUMAJIKAX.
INepukaningpsi it mepuapTepionspHi MPOCTOPU HE PO3-
IIMPEHi, 3 BiACYTHICTIO 03HAaK HAOpPsKy. binbImicTs apTe-
pion — 0e3 TICTONOTiYHUX O3HAK TeMOCTa3y, 3aBISKH
YOMY BOHHM OiNbII MOBHOKpPOBHI. CyIMHHA CTiHKA apTe-
piii Bi3yaJlbHO HAOMMKAETHCSA 32 TOBUIMHOIO 10 HOP-
MaJIbHUX PO3MipiB, BUPA3HOTO MPOCIKHEHHS O1JIKOBOIO
piAMHOIO HE BHSABICHO. EHIOTENIONMTH 3BUYAHHOTO
pO3Mipy pPIBHO BHUCTWJIAJIHM BHYTPIIIHIO CTIHKY Ta He
JEMOHCTPYBAIH JUCTPOPIUHIX 3MiH (pHC. 5).
Kapmiomionuta MaroTh He3HauHi MOPQPODYHKITIO-
HaJIbHI 3MiHH, SK MOPIBHATH 3 TiCTOJNIOTIYHOIO KapTH-

Puc. 4. Miokapx TBapuHH 3 TPYNH HETrATUBHOT0 KOHTPOJII0: A — 3BUBUCTHH Xijl, CTOHIIIEHHS YACTHHHU
BOJIOKOH; B — moJist koHTpakTypu (4opHi cTpiiku); B — ocepenox miouuTodidy (0ina crpinka)
Ta nepudoKajJbHA KPYLIOKIITHHHA iHQIIBTpauUist (4opHi cTpinkm).
3aGapBJ/ieHHS TeMATOKCUJIiIHOM-€03MHOM, 30lIbIIeHHs X250

Puc. 5. Miokapa camuuni, sika orpuMmyBajia @K Ha 0CHOBI J1iBOKapHITHHY: A — 3MEHIIICHHS] BUPAKEHOCTI
BEHO3HOI0 NOBHOKPIiB’s (30l1b1eHHA X200); b — 3MeHIIeHHs BUPA’KEHOCTi KaniJIAPHOro NOBHOKPIB’ s
(30inbmennst x250); B — 3MeHIeHHs remocTa3y B aprepiosax (30iibmenns x200); I' — momiTHe 3MeHIIeHHSI
HAOPSAKJIOCTI CYIMHHOI CTIHKH Ta NMepuBa3ajibHol TKaHUHU (30iabmenns x400).

3a0apBJieHHS TeMATOKCUJIIHOM-€03HOM
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HOIO Kap/iOMIOIUTIB caMuIlb iHTakTHOI rpynu. ToOTo
MH BCTAQHOBWJIM, II[0 TP TTO3[0BKHBOMY 3pi3i Kapi-
OMIOIIUTH PO3TALIOBYBAJIUCS y BUINISAI MapayelbHUX
My4KiB, MaJIM NIEPEBAXKHO JOBracTi siapa. Tinbku moonu-
HOKI KapAiOMIOIIMTH MaJlk sIpa HENPaBHILHO-OKPYTIOL
¢dopmu. Ilomepeyna mocmyroBanicTs Mioibpui 36epe-
JKeHa Ta BupasHa. J{ucTpodiuHi 3MiHH CIIOCTEPIraroThCs
JIMIIE B OKPEMUX JUISTHKAX HEBEJIMKOrO po3Mipy. O3HaKH
MIOIUTOINI3Y MaJH APIOHOBOTHUIIEBUH XapakTep. Takox
JIUIIEe Ha MOOAWHOKUX JIUISHKAX 3a(hiKCOBAaHO KapTHUHY
(bparmMeHTaIil BOIOKOH Ta HAasBHICTh KOHTpakTyp. [lome-
KOJIM BiMivaiocsi qpiOHOOCEPEIKOBE PO3IIMPEHHS MPO-
CTOpPIB MDK BOJIOKHAMH 3 HE3HAYHUM PO3POCTAHHIM
MYXKHX CTIOTYYHOTKaHUHHUX MPOIIAPKiB (puc. 6).

Y TBapuH, IO OTPUMYBAIM Tpemapar IOpiB-
HSIHHS — mpumemasuout, sk MOPIBHATH 3 TBapHHAMH,
siki oTpuMyBanu PK Ha OCHOBI TIBOKAPHITHHY, CTYIIiHb
BHPaXXEHOCTI BEHO3HOTO Ta KAIUIIPHOTO MOBHOKPIB’S
Bi3yanapHO OyB Maiike OTHAKOBMM. BusBieHo BincyT-
HICTh 03HAaK FeéMOCTa3y B OUIBIIOCTI CYTUH MIKPOLIUPKY-
JIITOPHOTO pyciia. ApTepionu B HOpMaJILHOMY CTaHi 6e3
O3HAK CIIa3My, a B CTIHKaX apTepiil ricTONOTiYHUX 03HAK
muctpodii He cioctepiranocs. [lepuBa3anbHuil HAOPSK
He IpocTexyBaBcs (puc. 7).

SIK IOPIBHATH 3 TPYTIOI0 HEraTUBHOTO KOHTPOJIIO, Y Kap-
JUOMIOIUTAX IIypiB, SKMM BBOIMIA TPUMETA3HIHH, TAKOXK
€ TIO3UTHBHI OCOOJMBOCTI, IO CBITYMTH TIPO 3MEHILICHHS
ricTOMOP(OIOrTYHUX O3HAK TIMOKCIi, & CaMe: MEHIII POSIBH
MIOLMTOMI3Y, (pparMeHTarlii BOJOKOH, 30epiraiucs Juie
OKpEeMi OCEepEeIKH KOHTPAKTYpP MIOKapIiOUTIB (pHC. §).

[lin miero TpUMETA3UIMHY TPOCTEKYEThCS 3HIKSHHS
OKHCHEHHSI JKUPHHUX KHCIJIOT IIUISIXOM CENCKTHBHOTO OJ10-
KyBAaHHSI aKTUBHOCTI 3-KETOALII-KOEH3UM A Tionasu, siKa
iHTiOye mipyBaraerinporeHasy. OCHOBHHM pe3yJbTaToM
IIBOTO € TIEPEXiJT BiJl METaOOI3MY KUPHUX KHCIIOT JI0 YTH-
mizanii DTIOKO3M M 30epeKeHHS BHYTPINIHBOKITITHHHOTO
criBBiHOIIEHHS (ocdokpearnry Ta ATD, 110, 3pemIToro,
TIOKpaIlye CKOpodyBajbHY (yHKIif0 Miokaprma (Gandoy-
Fieiras, 2020, benenives, 2022).

OTxe, MpH TICTOJOTIYHUX JTOCTIKSHHIX MioKapia
caMulIlb LIypiB, sIKi 3a3HANU MOMIPHOI FeMI4HOI T1IOKCii,

BCTAQHOBJICHO Taki MOP(OJOTiYHI O3HAKH: MOPYIICHHS
reMOIMHaMIKY (BEHO3HE Ta KaliIsIpHe NOBHOKPIB’s, CIIy-
CTUTICTB 1 CIIa3M apTepion), 3MiHa CTPYKTYPH CYAWHHUX
CTIHOK (TTOTOBIIECHHS Ta OLIIKOBE MPOCSKHEHHS CYHMHHOI
CTIHKH IHTpaMypaJbHUX apTepiif), MepUBACKYISIPHHNA
HaOpsiKk. BonHouac cnocrepiranucs CTPYKTypHI 3MiHU
CKOPOTJIIMBOTO KOMITOHEHTA MiOKapza (3BUBHUCTICTB, (pa-
TMEHTAIliS BOJIOKOH, O3HAKH MIOIMTONI3Y Ta KOHTpaK-
TYpH, BTpaTa MOMEPEIHOI MMOCMYTOBAHOCTI MioiOpwi).
Ipu npoMy amnATaLilHA TinepeMiss BEHO3HUX CTPYKTYP
1 KanJsIpiB CYyIPOBOIKYBAJIACS CTa30M KPOBI.

[Ipodinakrrnune BBeneHHss PK Ha OoCHOBI JiBOKap-
HITUHY B 7031 25 MI/KT 3[IHCHIOE JOCHUTh BUPaKCHHM
MO3UTUBHUH BIJIMB Ha IiCTO(YHKI[IOHANIBHUH CTaH Mio-
Kapyia, 110 MPOSBISIIOCS 3HIDKEHHSIM O3HAK MTOPYIISHHS
TeMOJIMHAMIKH MioKap/a i 3MiH CTPYKTYPH CYAMHHHUX
CTIHOK, $IKI BHHHKIM BHACIIiJOK IOMIpHOi T'€Mi4HOI
rinokcii, iHgykoBaHo1 HITpUTOM HaTpito. [IpoTexTopHUit
BIuB OK Ha OCHOBI JIIBOKAPHITHHY Ha CTaH MiOKapaa
BariTHUX IIypiB Bi3yaJbHO JEIIO0 MOCTYIAaBCs aHAJIOTIY-
HOMY BIUIMBY ITperapaTy MOPiBHSIHHS — TPHMETa3H/INHY.

Bizomo, 110 JIBOKapHITUH YHHWUTH KapaiONpOTEK-
TOpHY 0 Yepe3 ajJbTepPHATHBHI MEXaHI3MH: 3HIKCHHS
OKHCITIOBAJIBHOTO CTPECy Ta 3alaJieHHs, MOKPAIICHHS
(yHKIH eHpoTenito, 3amobiraHHs IHTEPCTUIATBEOMY
PEMOICTIIOBAaHHIO ceplisl. TakoXK JIIBOKAPHITUH CHPHSE
TPaHCIIOPTYBAHHIO JIOBIOJAHIIOTOBHX JKHPHUX KHCIIOT
yepe3 MeMOpaHy MITOXOHJPIA Yy MITOXOHIPIabHUHA
MaTpuKC JJis 3a0e3MedeHHs JOCTaTHhO1 MPOAYKITi aje-
Ho3uHTpUGochary B KIiTHHAX Miokapaa (Zhao, 2020).

MoxHa TpPHUIYCTUTH, IO BHIIEHABEICHI MO3H-
THUBHI TicTOMOP(}OJIOTIYHI 0COOIMBOCTI y TBapHH, SIKi
orpumyBaimn OK Ha OCHOBI JIIBOKAPHITHHY, 3yMOBJICHI
3HIDKEHHSM OKHCIIOBAJIBHOTO CTPECy 3aBJSIKH aHTU-
OKCHJIAaHTHUM BIIACTHBOCTSIM JJOCIIIJKYBaHOTO 00’€KTa
(Al-Eisa, 2018).

B ymoBax fii HeraTMBHUX YMHHUKIB HABKOJIUIITHHOTO
CEpEe/OBUIA, 3 METOH 3MEHIIEHHS KapioBacKyJsp-
HOTO PU3MKY SIK Y Matepi, Tak 1 B i1 Hamaaka, 10iIbHIM
€ BUKOPUCTAHHS aHTHOKCHAHTIB i CEJIEKTHBHIX Ba30/IH-
JIaTaTopiB JUIsl OOMEKEHHS BIUIMBY BHYTPIIIHEOYTPOOHOT
rimokcii (Hutter, 2010; Rodriguez-Rodriguez, 2018).

Puc. 6. Miokapa camuii, sika orpumyBaia @K Ha ocHOBI TiBOKapHITHHY: A — ocepeoK MiOLUTOTi3Y;
B — koHTpaKTypa BOJIOKOH, Api0OHa (hparMeHTanis. 3a0apBJIeHHS reMaTOKCHIIHOM-€03UHOM, 30i1b1eHHs X250
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Puc. 7. Miokapa TBapuHH, siKa OTPUMYBAJIa TPUMETA3UIMH: A — 3MeHIIIeHHS BUPaKeHOCTi BEHO3HOT0
noBHOKPIiB’s1 (30ib1meHHst X200); b — 3MeHIlIeHHs BUPA’KeHOCTI KanmiJIsIpHOTo MOBHOKPIB’ s (30L/Ib1IIeHHS
x250); B — BigcyTHicTh cTady B aprepiosnax (30inbmenns x250); I' — BincyTHicTh NaTo10riYHUX 3MiH
CYANHHOI cTiHKM apTepiii (30inb1meHHs x250). 3a0apB/IeHHs] FeMaTOKCHJIIHOM-€03UHOM

Puc. 8. Miokapn TBapHHU, SIka OTPUMYBAJIA TPUMETAZHIMH: A — 3MEHIICHHs] BUPAXKEHOCTi MiOLIUTOI3Y,
b — ocepenku KOHTPAKTYPHUX 3MiH MioKkapaionuTiB. 3a0apBJieHHS FeMATOKCHITIHOM-€03MHOM, 301/IbIIIeHH X250

Otxe, BCTAaHOBJICHO HAsBHICTh KapIiOMPOTEKTOPHOT JTii BucHoBku
OK Ha 0CHOBI JIIBOKapHITHHY B 71031 25 MI/KT, sika 3a0e3rie- 1. BcranoBieno KAPAIONPOTEKTOPHY
4ye MPOTCKTOPHHH BIUIMB Bill HACIIIKIB IOMIPHOI reMidHOi  Jil0  (hapManeBTHYHOI KOMIO3MLIii Ha OCHOBI
TIMOKCIi y BariTHUX IIypiB Ta IXHIX IUIOMIIB. JiBokapHiTHHY B edekTuBHil 031 25 Mr/kr
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y BariTHUX mypiB Ha MojeJi moMmipHoi remiunoi
rinokcii.

2. KappaionporekTopHa fisi hapManeBTHYHOI KOM-
Mo3uilii HA OCHOBI JIBOKAPHITHHY B e()eKTUBHill 103i
25 Mr/kr y BariTHUX IIypiB MPOSIBJISLIACS 3MEHILIEHHSIM

JKaJ1ace 10 cTaHy pedepeHc-npenapary TPUMeTA3HAMH
B i30eexTHBHIN 1031 5,5 MI/KL

3. HasiBHicTb KapaionpoTeKTOpPHOI i (hapManeBTHY-
HOI KOMIO3UIIii HA OCHOBi JIIBOKAPHITHHY CBITYNTH NP0
MePCneKTUBHICTH MOTAIBIIUX (hapMaKoJIOTiYHUX T0CTi-

MOP(0JIOTiYHMX 03HAK IOPYLICHHS FeMOAUHAMIKH Mio-
Kap/a ii 3MiH CTPYKTYpH CTiHOK IHTPpaMYpPaJIbHUX apTe-
Piii, IK MOPIiBHSITH 3 HETATUBHUM KOHTPOJIEM, TA HA0IU-

JUKeHb 3 MeTOI0 MPO(LIAKTUKH TA JTIKYBaHHS HETATUBHUX
HACJI/IKIB (peTONIALEHTAPHOI HEIOCTATHOCTI VI MarTepi
i IJ10712, BUKJTMKAHMX TNOKCI€Io Imi/] Yac BarirHocTi.
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EKCIIEPUMEHTAJIBHE BU3SHAYEHHA YMOBHOTEPATIEBTUYHOI 1031 HOBOI'O
KOMBIHOBAHOT O I'mimtoJIIINTIAEMIYHOT' O 3ACOBY HA OCHOBI KBEPHETUHY
TA MOPKBH OCIBHOI KOPEHEIJIOAIB EKCTPAKTY T'YCTOI'O
HA MOJIEJII TOCTPOI I'ITEPAINIIEMIT

Mema 0ocnioicenna — exchepuMenmansHo ooIpyHmyeamu 6udip HOCis Ol KeepyemuHy ma eUsHaUumu yMogHOMepaneemuymy
003y KOMOIHOBAH020 2INONINIOeMIUH020 3ac00y HA OCHOBI MOPKEU NOCIGHOI KOPEHeNN001i8 eKCIMPAaKmoMm 2yCmumM ma KeepyemuHoMm Ha
MoOeii eKCnepuMeHmanbHoi einepainioemi.

Mamepianu i memoou. Y mpvox cepisax excnepumenmy Ha mooeni 2inepainioemii, sukiuxanoi oemepzenmom main-80, 3a einonini-
OeMiuHOI0 0I€I0 BUZHAUATU ONMUMATLHULL CKIIA0 MEePOUX OUCNepPCill KEePYemuHy 3 HOCISIMU MAHIMOM 3 MIKDOKPUCTATIYHOIO YeTton0-
3010 ma koni0oHoM-30 3 MIKPOKpUCTNATTUHOI YeTrn03010 ceped chniggioHowtens 1:1, 1:2, 1:3; ymoenomepanesmuuny 003y eKCmpaxmy
MOPK8IU NOCI6HOI KOpeHen100i8 2ycmoeo, 2inoninioemiunull egpexm KOMOIHO8AHUX MAabIemOK Ha OCHOBI MOPKEU NOCIBHOI KOpeHen100i8
eKCmpaxkmy 2ycmozo ma Keepyemuny 3 eusHavenumu Hocismu ¢ oozax 100 ma 200 me/ke. E¢hexm 0ocnioscysanux 3acobis oyiniosanu
3a emicmom y cuposamuyi Kposi mpueniyepudis, xonecmepury, xonecmepury JIIIHII] ma xonecmepuny JIT1BLL].

Pezynomamu oocniddcenna. Ycmanosneno, wo 3a 30amuicmio npucHivyeamu GuAGU 2inepninioemii onmumanbHol0 0CHOGOI0
07131 Kéepyemumny Oisi GHECHHS. 00 CKAAOY JIKAPCbKoi (hopmu 0oyinbHo eubpamu konioon-30 3 MIKpOKpUCIATINHO YelioNo3010 8 Hall-
MeHwomy cniggioHoulenHi 3 keepyemunom 1:1. Bupasiceni einoninioemiuni e1acmueocmi eKCmpakmy MOPKeU NOCIGHOI KOPeHenn100ie
2ycmoz2o Ha pieHi npenapamy nopieHsnHs Hacmosinku « Pasicon» docmogipno nposisunucsi ¢ 003i 200 me/ke ma 6ynu cmabiibho 00Ha-
KOBUMU NPU 3ACMOCYB8AHHI HAUGUWOT D0CTIOAHCY8aHOL 003u — 250 me/ke, momy 05t HOOATLULO20 PAPMAKONOLIUHO20 GUEUEHHS BUOPAHO
ymosHomepanesmuyny 003y 200 me/ke. Hatieupasniuty cinompueniyepudemiyiy ma 2inoxoncmepuremiyny 0iro YuHsams KOMOIHOBAHT
mabaemku Ha 0CHOGI Meepooi Oucnepcii kKeepyemumy 3 KoNiOOHOM i MIKPOKPUCIANIYHOIO Yell0NI03010 MA eKCIMPAKmy MOPKEU NOCiGHOT
Kopenennodie 2ycmozo 6 003i 200 me/ke.

Bucnoeku. 3a pezynomamamu ckpunineo6o2o 00caiodcens Ha mooeni cinepuinioemii, suxnuxanoi meinom-80, excnepumenmansro
00OIPYHMOBAHO CKNA0 MBepOoi Oucnepcii Keepyemuny Ha 0CHO8I KOTIOOHY 3 MIKPOKPUCMANIUHON Yent0n03010, AKUU 3a0e3neuye niosu-
WenHsL 11020 POSUUHHOCII 11 6I000CMYNHOCHI Ma NOCUNeHH s 2inoninideMiunHux eracmusocmeil. Bcmanosneno ymosnomepanesmuumny
003y eKCmpakmy MOpKeu NOCi6HOi KopeHennodie 2ycmozo 3a cinoninioemiynoio dicio 200 me/ke. 3as0axu onmumansho 0ibpanomy
ckaaody 6i06yeacmvcs aOumMueHa cymayis epekmis Keepyemuny ma eKCmpakny MOpKelU nociéHoi Kopeneniooie 2ycnozo, 3a paxyHox
Y020 KOMOIHOBAHULL 3aCiO He NOCMYRAEMbCS 8I0OMUM 2INONINIOEMINHUM NPenapamam nOPieHAHHSI — MAOIemKam HIKOMUHOBOT KUC-
nomu, Hacmosanyi «Pagicony i mabremkam «Bazocmam-300pos sy — 3a einompueniyepudemiunoio ma 2inoxoiecmepunemiunoio oicio.

Knrwouoei cnosa: xeepyemun, meepoi oucnepcii, manim, KOOOH, eKCMpakm gycmui MOPK8U NOCIGHOL, CKpUHIHe, 2inoninioemiuna Ois.
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EXPERIMENTAL DETERMINATION OF THE CONDITIONALLY THERAPEUTIC DOSE
OF ANEW COMBINED HYPOLIPIDEMIC AGENT BASED ON CARROT ROOT EXTRACT
AND QUERCETIN ON THE MODEL OF ACUTE HYPERLIPIDEMIA

The aim — experimental substantiation of the choice of carrier for quercetin and determination of the conditionally therapeutic
dose of a combined hypolipidemic agent based on carrot seed root extract and quercetin on the model of experimental hyperlipidemia.

Materials and methods. In 3 series of experiments on the model of hyperlipidemia caused by the detergent twin-80, the optimal
composition of solid dispersions of quercetin with carriers mannitol with microcrystalline cellulose and colidon-30 with microcrystalline
cellulose was determined by the hypolipidemic effect in the ratios 1:1, 1:2, 1:3; conditionally therapeutic dose of carrot root extract
thick; hypolipidemic effect of combined tablets based on carrot root extract thick and quercetin with certain carriers at doses of 100
and 200 mg/kg. The effect of the studied agents was evaluated by the content of triglycerides, cholesterol, LDL cholesterol and HDL
cholesterol in the blood serum.

Results. It was found that in terms of the ability to suppress the manifestations of hyperlipidemia, it is advisable to choose
colidon-30 with microcrystalline cellulose in the smallest ratio to quercetin 1:1 as the optimal base for quercetin for inclusion in the
dosage form. The pronounced hypolipidemic properties of the extract of thick carrot root at the level of the comparison preparation
“Ravisol” tincture were reliably manifested at a dose of 200 mg/kg and were consistently the same when using the highest tested dose —
250 mg/kg, so a conditionally therapeutic dose of 200 mg/kg was chosen for further pharmacological study. The most pronounced
hypotriglyceridemic and hypocholesterolemic effects are exerted by combined tablets based on a solid dispersion of quercetin with
colidon and microcrystalline cellulose and thick carrot root extract at a dose of 200 mg/kg.

Conclusions. Based on the results of a screening study on a model of hyperlipidemia caused by tween-80, the composition of a
solid dispersion of quercetin based on colidone with microcrystalline cellulose was experimentally substantiated, which provides an
increase in its solubility and bioavailability and enhanced hypolipidemic properties. The conditionally therapeutic dose of thick carrot
extract for hypolipidemic effect was established at 200 mg/kg. Due to the optimally selected composition, the effects of quercetin and
thick root carrot extract are additively summed up, due to which the combined product is not inferior to the known hypolipidemic
drugs of comparison: nicotinic acid tablets, Ravisol tincture and Vasostat-Zdorovye tablets in terms of hypotriglyceridemic and
hypocholesterolemic effects.

Key words: quercetin, solid dispersions, mannitol, colidon, thick carrot seed extract, screening, hypolipidemic effect.

Beryn. AktyansHicTh. CeprieBo-CyJUHHI 3aXBOPIO-
BaHHs (nani — CC3) chOrojiHi € OCHOBHOI MPHYHUHOIO
iHBaTiAM3aIii Ta CMEPTHOCTI i CTAHOBIATH TPETUHY
BCIX CMepTel y CBITI. 32 OCTaHHE JCCATUIITTSA CMEpT-
HicTh Big CC3 y cBiti 3pocna Ha 12,5 % (Roth et al.,
2017). VkpaiHna mocigae ogHe 3 mepiux micip y €Bpo-
MEHChKOMY PETiOHI 3a IMOKa3HUKaMH CMEPTHOCTI Bij
3aXBOPIOBaHb CEPIIEBO-CYIMHHOI cucteMu (459,48 Ha
100 000 HaceneHHs) Ta Ipyre y CBITi 3a MOIMIUPEHICTIO
MaTOJIOTi CepIEBO-CYIUHHOI CHUCTEMHU B HACCIICHHS
(Sirenko, 2022).

[IposigHe micte cepen mpuund CC3 mocinae are-
POCKIIepo3, SIKMH € MyJbTH()AKTOpiaJbHUM 1 3yMOB-

= 138
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JIFOE PO3BUTOK Ta KJIIHIYHI MPOSBYU iMIEMi4HOI XBOPOOH
cepus (IXC), nepeOpoBacKyJIIpHUX 3aXBOPHOBaHb, XBO-
po0 cynuH HwkHIX KiHIIBOK (Fedorov, 2022). T'onos-
HUM YUHHHUKOM PO3BHTKY aTEpPOCKICPO3y Ta BaXKIHBHM
($akTOpOM PH3HKY CEpIICBO-CyAMHHUX 3aXBOPIOBaHb
€ JMCTIMiIeMis, SKa XapaKTepU3yeThCs MiABHIICHHIM
BMICTy B KpoBi xonectepuny (gani — XC) y ckiani are-
POTeHHUX (paKiiid JiMigiB — JINONPOTEiiB HU3BKOT
mrineHoCcTi (nami — JITTHILL) Ta 3MeHIIeHHsIM aHTHAaTe-
poreHHOT (pakiii — JIMOMPOTEINiB BUCOKOI MIUIBHOCTI
(mami — JIIIBII). HakormuveHHsS B KpPOBI OKHCHEHHX
JITTHIIL 3 mopmanbImuM X BigKJIaJCHHSIM Ha CYIUHHIH
CTIHII BBOXKAETHCS MOP(]OIOTIYHOIO OCHOBOO 3BYKEHHS
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CYIIMH, 1110 TPU3BOAUTS JI0 atepockiepo3y (Borghi et al.,
2022; Berberich, Hegele, 2022).

CyuacHa (hapMaKOKOPEKI[isl AUCTIMiAeMii Mosrae
B 3aCTOCYBaHHI PI3HMX TPYI TIMNOMIMIIEMIYHUX TIpe-
napariB: iHTi0ITOpPH CHHTE3y XOJECTCPUHY — CTATHHH;
IHT10ITOPY BCMOKTYBAaHHS XOJIECTEPHHY B KHIIICU-
HUKy — e3eTuMi0; iHTi0iTopM mpompoTeiHOBOI KOH-
BepTa3u CyOTHJII3WMH-KEKCHHOBOTO TuUny 9  (iHri0i-
topu PCSKDY), sixi Hamineni Ha 610K, mo Oepe ydacTb
y koHTpoui piBato JITTHIL — anipokyma0, eBoiokymao,
OokolM3yMad; TOCHIIIOBAaYl KaraOomi3My TpHIJIiIe-
puaiB — ¢idbpaTtH; 3aco0u, IO 3HIKYHOTH YTBOPCHHS
JITTHILL 1 JITIAHIL] — moxixHi HIKOTHHOBOT KUCIIOTH Ta
mpernapard Ha OCHOBI OMera-3-TIOoJIiHCHACHYCHUX KHP-
HUX KHCJIOT; CEKBECTPAHTH >KOBUHUX Kucnot (Karantas
et al., 2021; Mitchenko, Lutai, 2020).

Crin 3a3Ha4MTH, IO OUTBIIICTH 3 YKa3aHHWX IIpera-
pariB € IMIIOPTHUMH, HEJJOCTYITHUMH 3HAYHIN KIJTBKOCTI
MAali€eHTiB Yepe3 iX BUCOKY BapTiCTh Ta, OKPIM e(heKTHB-
HOCTI, MalOTh HETaTHBHI HACIIIKW W MOOIYHI e(eKTH,
10 CBIYUTH PO HEOOXITHICTH 1 TOIIILHICTh PO3POOKH
HOBHX JIIKQPChKUX 3aC00IB /I HOpMaTi3amii JIiAHOTO
npodinro Ha 0cHOBI pocnuHHOI cupoBuHH (Ward, Watts,
Eckel, 2019). Tepamist aucmimigemii 3a JOMOMOTOO
¢iToTepamii Biirpae BasKINBY pOJib, OCKIIBKH 11 MOXKHA
3aCTOCOBYBAaTH 32 YMOBH JIiIKyBaJIbHO-ITPO(PIIAKTHIHOTO
pPeXKMMY B KOMILJIGKCHOMY JIIKYBaHHI aTepOCKIIepO3y,
XPOHIUHUI Mepedir sIKoro morpedye JAOBrOTPUBAIIOTO
Oe3nevHoro JiKyBaHHS. SIK TOPIBHATH 13 CHHTETHY-
HUMH TIpernaparamu, JIKapchbKi POCIHHH JIOCTYIIHI,
MaJIOTOKCHYHI, YHHATH M’SIKy Iif0, MOXXYTb TPUBAJIHH
4ac 3aCTOCOBYBATHCS O€3 iICTOTHUX MOOIYHUX €(EKTiB,
Jn00pe TOENHYIOTHCA 13 CHUHTETHYHHMHM JIIKAPCHKUMHU
3aco0aMy, TIIOCHIIIOIOYHM iX TEPaleBTHYHHNA E(PEKT
(Korniievskyi, Kraidashenko, Krasko, 2017).

VY IbOMY acreKTi MepCHeKTUBHOO € pO3p0oOKa KOMOIHO-
BAHOTO TiMOJIMiIEMIYHOTO JIIKAPCHKOTO 3ac00y HAa OCHOBI
MOPKBH TIOCIBHOT KopeHeruioniB (Daucus carota subsp.
sativus L.) Ta ipupoaHoro 0io(raBoHOITy KBEPIICTHHY.

3a XIMIYHUM CKJIaJIOM KOPEHEIIONW MOPKBH IMOCIB-
HOI MICTSITh KOMILIEKC O10JIOTIYHO aKTUBHUX PEYOBHUH:
(heHOJIbHI CITONTYKH, (DITABOHOTIN, KAPOTHHOIH O~ 1 B-Ka-
pPOTHH, JIIOTEIH, 3€aKCAHTHH, aHTOIiaHW, puOOQIaBiH,
TiaMiH, acKOpOIHOBY KHCJIOTY, HiallMH 1 TOKO(epos Ta
1HIII, SIK1 3yMOBJIIOKOTH IIUPOKUH CHEKTp iX (apmaxo-
noriunoi aii (Pavlyuk et al., 2015). JlikyBayibHi BiacTu-
BOCTI IIOZIB MOPKBH HAayKOBIlI BHBYAIOTH JIaBHO, aje
Ha (hapMalEBTHYHOMY PHHKY YKpalHH IIPEICTaBICHO
Jume mpenapaté s (apMakorepamii 3aXBOpPIOBAaHb
CCYOBUAUIBHOT CHUCTEMH, TICYIHKA Ta YKOBYOBUBIITHUX
nuisixi (Yponecan, Ypoxomnym, XoJenecaH), 10 CKIaIy
SIKMX BXOJISITH PiJIKi €KCTPAKTH 3 IUIOJIB MOPKBHU JTUKOI.

®diroTepanis. Yaconuc

KBeprieTH BUSIBIISIE BUPaKEHI aHTHOKCHIAHTHI,
MPOTH3aINaibHi, TPOTHYIbIIEPOTeHHI, Kapaio-, Hedpo-,
PalionpOTEKTOPHI BIACTHBOCTI, & HOTro KamiisipocTadi-
Ji3yBalibHA Jisl € OCHOBHOI B 1H €KIIHHIN JIIKAPChKIH
dopwmi kBepreTuHy «KopBITHH®Y, SIKUIT 3aCTOCOBYETHCS
B KOMIUTEKCHIN Teparii TocTporo MOpymieHHsT KOpoHap-
HOTO i MO3KOBOTO KPOBOOOITY Ta iH(papKTy Miokapja
(Zupanets et al., 2020).

IIpore cTBOpeHHS mpemapaTiB Ha OCHOBI KBepIie-
TUHY, SIKHI TIOTaHO PO3YHHSETHCS B KHCIHX Ta OCHOBHUX
Cepe/IoBHIIaX, B €TAHOJI Ta BOJAI OUYMINEHIH, cradko
abcopOyeThCsl B IITYHKOBO-KHIITKOBOMY TPAKTi, JOCHThH
obMmexxeHe. 3 omsiay Ha 1ie, HaykoBili HarioHanbHOTO
¢dapmanesTnuHoro yHisepcurety (HdaV) pospobistors
HOBI JIIKapChKi (POPMHU Ha OCHOBI KBEPLETHHY 3 TIiJ[BHU-
IICHOI PO3YMHHICTIO Ta 01010CTYIHICTIO. BpaxoByroun
MOTIepeiHiil  TOCBIJ CTBOPEHHS TBEPAUX AUCIEPCii
3 kBepueTrHOM (Ruban et al., 2021), Ha kadenpi 3aBo-
cpkoi TexHoJiorii jikis HdaV 3a momoMororxo HOBOro
TEXHOJIOTIYHOTO ITIXOMy OTPUMAHO 3pa3Kd TBEPAUX
JHCTIepCiil KBEpLETHHY Ha OCHOBI PI3HUX HOCIIB Ta KOM-
OiHOBaHI TA0JETKM Ha iX OCHOBI W €KCTPAKTy MOPKBH
MOCIBHOT KOPEHEeIUIOAIB TyCTOTO.

MeTa podoTH — EKCIICPUMEHTAIBFHO OOIPYHTYBaTH
BUOIp HOCISA AT KBEPLUETHHY Ta BU3HAYUTH YMOBHOTE-
pareBTUYHY 103y KOMOIHOBAHOTO TiMOJIMiIEMIYHOTO
3ac00y Ha OCHOBI MOPKBH IMOCIBHOI KOPEHEIUIO/IB EKC-
TPAaKTOM TYCTHM Ta KBEPIICTUHOM Ha MOIEII CKCIIepH-
MEHTAJILHOT Tinepimnigemii.

Marepianu Ta Meroaum aociaiKeHHsi. Jloci-
JUKCHHS TTPOBEICHO Ha OUTUX HEJTIHIMHUX IIypax-caM-
X Macoro 220-240 r, oTpuMaHuXx 13 BiBapito HaBuasb-
HO-HAyKOBOTO 1HCTUTYTY mpukiaaHoi ¢apmarnii HPay
3TiTHO 3 TIOJIOKCHHSIMH «EBPOTEHCHKOT KOHBEHIIIT 010
3aXMCTy XpeOETHHX TBAapHH, SKi BHKOPHCTOBYIOTHCS
3 EKCIIEPUMEHTAIBHUMH Ta IHIIUMH HAyKOBHMH IIJISIMA
(CrpacOypr, 1986 p. 31 3minamu, BHeceHUMH B 1998 p.),
«3araJbHIMH €TUYHUMH TPHHIUIIAMH EKCIIEPUMEHTIB
Ha TBapuHaX», MO yxBajieHi llepimmM HalioHaTbHUM
koHrpecoM 3 Oioetuku (Kuis, 2001), Directive 2010/63/
EU of European Parlament and Council on the protection
of animals used for scientific purposes Ta 3akony Ykpa-
iau «I1po 3aXUCT TBAPHH BiJl JKOPCTOKOTO MTOBOKCHHS
Ne 3477-1V Bin 21.02.2006 p. Ilpoekt muaHy mocii-
JPKEHHS CXBaJIEHO KOMici€ro 3 muTaHb Oioetnku HdaVy
(mportoxkon Ne 7 Bij 20.10.2022 p.). TBapuH yTpuMyBaJn
BIJINIOBITHO JIO YMHHUX TMpaBWJI B YyMOBaxX BiBapito 3a
TeMIepaTypy TMOBITps B mpumimeHHi 21-24°C, Boso-
rocti He Oinbin Hik 60-70 %, Ha cTaHAapTHOMY Xap-
gyBaHHI Ta Boai — ad libitum. [lepen mouaTkom ekcre-
PUMEHTY ILIypH MPOXOAWIM aKIIMaTHU3aIii0 BIPOIOBXK
7 ni0 B yMOBax KiMHATH JIJIsl POBEJICHHS BUIIPOOYBAaHb.
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Sk mpenapatu nopisasHHS (I1I1) BHKOpHCTOBYBaNMM
CTaHJAPTHI TIMOJIMiAEMIYHI MpernaparaMud 3 pPi3HHUMH
MexaHi3MaMH Jii — Tabnetku «Basocrar-3m0poB sy
(cumBacratul, cepis 3081022, BupoOHmuTBa TOB
«®PapmarieBTHYHA KOMIaHis «370poB’s», M. Xapkis,
VYkpaina) y 1031 5 MI/KT, TaOJeTKH HIKOTHHOBOI KHC-
notu (cepist 80623, BupobuuntBa [IpAT «TexHomory,
M. YMaHb, YKpaina) y 1031 180 mr/kr, HacTosiHKY «Pagi-
com» (cepist UA/9617/01/01, Bupobnuntsa [MAT «Xim-
(dapmzaBon «YepBoHa 3ipka», M. XapkiB, YkpaiHa)
y 11031 360 mr/kr.

Jo3u mpemnapatiB MOPIBHSIHHS PO3PaxoOBYBaH, Bpa-
XOBYIOUM KOC(IIIEHTH BHJIOBOi YYTJIMBOCTI JIFOMUHH
Ta IIypiB. 3riIHO 3 IHCTPYKIIEK IO MEAMYHOTO 3aCTO-
cyBaHHS TabneTok «BazocTar-310poB’s» MakCUMaIbHA
no0oBa [03a Tpernapary Ui JIOIWHU MPH MOHOTepa-
nii cranoButh 80 Mr, st mrypiB — 5 mr/kr (Yang et al.,
2019). MakcumainbHa 1000Ba J103a TaOJETOK HIKOTHHO-
BOI KHCJIOTH JUIsl JIIKYBAaHHS arepOCKIEPO3y CTAHOBUTH
3 000 mr;, mo3a s nrypiB— 180 mr/kr (Lyseng-Williamson,
2010). do3zy HactostHku «PaBicom» 360 mr/kr oOpaHo 3a
pe3yabTaTaMi (hapMaKOJIOTIYHOTO JTOCTIHKEHHS 3aco0y,
110 HABENICHO B OIMHUCY JIO MATCHTy YKpaiHU Ha KOPHCHY
Mozens «®DapMareBTHYHa JIKYBaJIbHO-TIPO(ITAKTHIHA
KOMITO3HITis HAa OCHOBI pocinHHOI cupoBuHm» (Patent of
Ukraine for a utility model, 2009).

lNnonmimigemiuHi  BIACTMBOCTI  3pa3KiB  3aco0iB
JOCII/DKYBAId HAa MOJZENI TinepJimiaemii, sKy BiATBO-
PIOBAIU [UISIXOM OJHOPA30BOT0 BHYTPIIIHLOOYCPESBHH-
Horo BBeJieHHs TBiHY-80 y 1031 200 mMr/100 r Macu Tina
TBapuHUA. Ha T yBEJNeHHS JETEpreHTy BifOyBaeThCs
mBuake (depe3 8—10 rom) 30UIBIICHHS PIBHS JIIIIiB
y KpoBi, ocobmuBo Tpuriinepunis (TI'), 1 3HWKEHHS
JITIBI] (Dub, Klishch, Vronska, 2018).

HocnimpxyBani cyocTaHmii BBOAWIN NPOQiTaKTHIHO
BHYTPIIIHBOIIIYHKOBO MPOTATOM 2 THXXKHIB JIO 1H’ €Kil
TBiHY-80. Uepes 8 rox micns BBeeHHS TBiHY-80 TBapuH
BHUBOJIMJIM 3 EKCIIEPUMEHTY NUISXOM JeKariTaril i
ehipHUM IHTaMAMIMHAM HApPKO30M, NPOBOAMIM 3alip
KpOBI Ta OTPUMYBAJIM CUPOBATKY KPOBI /T 010XIMIUHUX
JIOCHIPKEHD.

JIJIs OIIHKY TiMOJIinmiAeMigHOI i B CHPOBATII KPOBi
TBAapUH BHU3HAYATM BMICT 3arajibHOrO XOJIECTCPHHY
(XC), xonectepuHy JIMONPOTEIIB BUCOKOI IIUILHOCTI

(XC JIIIBILl), xomecTepuHy JIMONPOTEiAiB HHU3BKOI
nrineHocTi (XC JIMMHI) Ta tpurminepuaie (TI) 3a
JoromMororo aiarHoctnyaux Habopis TOB HBIT «®ii-
cit-/liarHocTrka», YkpaiHa.

VY nocrmipkeHHi nposeneHo 3 cepii (apmakomoriy-
HOTO CKPHHIHTY.

VY 1 cepii BU3HA4YanM ONTHMAIBHUU CKIaa TBEp-
mux gucrepciid (T]]) kBepleTHHY 3 HOCISIMH MaHITOM
3 MIKPOKPHCTAIIYHOIO IIETIONI03010 Ta KOMiJoHOM-30
3 MIKPOKPHUCTATIYHOK IEIIOJI030k0 Cepell CIiBBIIHO-
menb 1:1, 1:2, 1:3 3a rinoninigeMivHoo aieto (Tadm. 1).

ExcniepuMenTaibHy 103y nocmimkyBanux TJ] ksepiie-
THHY BHOpPaHO Ha MiJICTaBi paHillie OTPUMaHUX PE3yNbTaTiB
NpY BUBYCHHI aHTUTINepriikemiynoi il T/l kBepueTnHy
3 TMOMIBIHUIMIPOIIOHOM Ta TiIPOKCHUIPOMIIMETHIIIEITIO-
7103010, BoHa cTaHOBUTH 50 Mr/kr (Ruban et al., 2021).

TBapuH po3noainn Harpynu: | —iHTaKTHHUI KOHTPOIb
(IK); 2 — xoutponbha marosoris (KII, TBiH-80 y mo3i
200 mr/100 r mMacu Tina BHYTPIIIHLOOYEPEBHHHO);
3 — TBapHHHU, SKUM BHYTPIIIHBOILTYHKOBO BBOJWIIA
KBepleTHH y 71031 50 mr/kr; 4-6 — TBapuHH, SKUM
yeoqunu  TJAIM1, TJAM2, T/AM3 y nmo3i 50 wmr/kr;
7-9 —tBapunn, skum ysoaumu T/IK1, TAK2, TAK3 y no3i
50 mr/kr; 10 — TBApUHM, SIKUM BBOJIUIIN ITPEMapar mopis-
HsIHHS TaOneTku «Basocrtar-310poB’s» y 1031 5 Mr/Kr.

VY 1l cepii BU3HAUaIM yYMOBHOTEPANCBTHYHY 103y
eKCTPaKTy MOPKBH IOCIBHOI KOPCHEIUIOAIB T'yCTOTO
(EMIIKT') 3a rinmominigemiynoro giero. Jliamason 103
EMIIKT nns ckpuninrooro pociimkeHss — 100, 150,
200 Ta 250 Mr/kr — BUOpaHO Ha MiJCTaBl EKCIICPUMEH-
TaJIbHUX JaHUX MIOJ0 AHTHOKCHIAHTHOI, Iemaro- Ta
He(PONPOTEKTOPHOI aKTHBHOCTI HACIHHA W EKCTpaK-
TiB KOpeHemIoiB MopkeH nociBuoi (Kong et al., 2021;
Sodimbaku et al., 2016).

Jo excnepumenty BHeciau rpynu tBapud: 1 — IK;
2 — KII; 3-6 — TBapuHH, SKHUM BHYTPIIIHHOILTYHKOBO
o EMIIKI y nozax 100, 150, 200 ta 250 mr/kr;
7 — TBapWHHU, SKUM YBOIIIM Mpenapar IMOpIBHSIHHSI —
HacTOsHKY «PaBicom» y 1031 360 mr/Kr.

VY 11 cepii gocmiKyBaiy TIHOMIMIAEMIYHAN ePEeKT
koMOiHoBaHMX TabneTok (KT) Ha 0CHOBI MOPKBH MOCIB-
HOi KOPSHEIUTOMAIB eKCTpakTy rycroro Ta T/l kxBepueTnHy
(KT Ne 11 KT Ne 2) i3 Bu3Haue€HUMH HOCISIMU B J103aX
100 ta 200 mr/kr (Tabm. 2).

Tabmums 1

Craaja 1ocisKyBaHuX 3pa3KiB TBepAUX AUcIepciii KBepueTHHY

TIAM1 TJ1 kBepueTHH + MaHIT 3 MIKPOKPUCTAJIIYHOIO 1elTto03010 102 y criiBBiHOmeHH] 1:1

TAM2 T/1 KBepUETHH + MaHIT 3 MIKpOKPUCTATIYHOIO 1etono3010 102 y chiBBigHOMICHH] 1:2

TIAM3 TJI kBepLETHH + MaHIT 3 MIKpPOKPHCTAIIUHOIO 110103010 102 y criBBigHOMmEHH] 1:3

TAK1 TJ1 xBepueTrH + Koii1oH-30 3 MIKPOKPHUCTAIIYHOIO 1emoo30:0 102 y cmiBBigHomIeHHi 1:1

TAK2 TJ1 kBepueTHH + KoJioH-30 3 MIKpOKpUCTaIi4HOO Hemtono3oto 102 y chiBBigHOmEHH] 1:2

TAK3 TJI kBepueTHH + KoJioH-30 3 MIKPOKPUCTAIIYHO 110103010 102 y criBBigHOMmICHH] 1:3
= 140 ®itorepanis. Yaconuc Ne 2, 2024
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TBapuH po3noiay Ha Tpynu: 1 — IHTAaKTHUI KOHTPOJIb
(IK); 2 — xoutponbna marojoris (KII, TBiH-80 y m03i
200 mr/100 r macu Tia BHYTPINIHBOYEPEBHHHO);
3, 4 — tBapunu, sikum yBomwm KT Ne | y moszax
100 ta 200 mr/kr; 5, 6 — TBapuHU, sikuM yBoawan KT Ne 2
y no3ax 100 ta 200 mr/kr; 7-9 — TBapUHH, SKHUM YBOIMIH
npernapary MopiBHAHHA TabneTkn «Baszocrar-310poB’s»
B JI031 5 MI/KT, HAacTOSHKY «PaBicom» y 1031 360 Mr/kr ta
TaOJIETKH HIKOTHHOBOI KUCIOTH B 1031 180 MI/KT.

Tabmurs 2
Cxaag 10caisKyBaHUX 3pa3KiB KOMOiHOBaHUX
TadJIeTOK HA OCHOBI KBEPIETHHY Ta MOPKBH
MOCIiBHOI KOPEHEMJIOiB eKCTPAKTY IyCTOr0

TJ1 xBepueTnHy 3 ManiTom Ta MKII[-102

KT Ne 1 | EkcTpakT MOpKBH MOCIBHOI KOPEHEITIOMNIB I'y CTHIH
3 MKII-102
T xBepueTuny 3 KomigoHom tTa MKII[-102
KT Ne 2

ExcTpakT MOPKBH NOCIBHOI KOPEHETIIONIB TyCTHI
3 MKII-102

CraTucTHYHy OOpOOKY OTpHMaHHX pEe3yJIbTaTiB
MOPOBOJAMIM 33  3arajJbHONPUIHATAMH  METOJaMU
BapialiifHOT CTATUCTHKH 3 BH3HAUCHHSIM CEPEIHBOL
apuMeTHIHOI Ta cepeiHboi oMKy (M+m) 3a t-kpu-
TepieM CTBIONCHTA 3 BUKOPUCTAHHSIM IAKETy IPOTrpam
«Statistica 6.0».

Pe3ynbraTin JociigikeHHss Ta iX 00roBOpeHHS.
Y 1 cepii ROCHiIKECHHS EKCHEPHUMEHTAIbHA MOJENb
rinepiimiaeMii, BUKJIMKaHa BBEJICHHAM TBiHY-80, y TBa-
puH rpynu KII xapakrepu3syBanacst J0CTOBIpHOIO Tinep-
TpunitinepuaeMiero — pMict TI migBumyBaBcs Ha 97 %

(p<0,001) Ta 36inpmennsm XC JITHIL wa 63,7 %
(p<0,001), ynacmiok 4oro BifAOyBajoOCs ITiIBUIIICHHS
BMicTy 3araigpHoro XC Ha 33 % (p<0,001), oo 3acBif-
YUJIO BIITBOPIOBAHICTh MOJIENBHOT maToorii (Tabim. 3).
Pieens XC JITIBIL, mo 37iiiCHIOIOTH 3BOPOTHUIN TpaH-
CIIOPT XOJECTEPUHY MO IICUiHKH, 3QJIMIIABCS Maike
Ha piBHI IK, OCKiIBKM B €KCHEPHMEHTI 3aCTOCOBYBAIN
OITHOPA30BE BBEICHHS [CTEPreHTY, SKUH CTHMYJIIOE
CUHTE3 JIIMIIIB y MEYiHIll Ta MOOLTI3aIi0 TPUAIIUIIITI-
LEPHIIB 13 YKUPOBHX JICTIO.

KBepuetnn 3a yMOBH IpPOQITaKTUIHOTO YBEICHHS
nocToBipHO 3HIKYBaB piBenb TI Ha 13,0 % (p<0,05),
sk nopiBHATH 3 rpynoro KII, mpore mokasnuk OyB cra-
THCTUYHO 3HAYYIIO BUIIUM 32 piBeHb 1K ta 111 Tabie-
ToK «Bazocrar-3mopoB’si». Ilig #ioro miero Bmict XC
JITHI] ta 3arameHoro XC BipOTiTHO 3HIKYBaBCS Ha
17,3 % (p<0,05) ta 9,86 % (p<0,05), sk TOpiBHATH
3 KI1, BiamoBiiHO, OJTHAK TTOKa3HUKK HE Jocsranu (isi-
OJIOTIYHOTO PIiBHS ¥ TaKOX TMOCTymanucsl TaOleTKam
«Bazocrar-3710poB’si».

OTKe, 32 OTPUMAHUMU JAHUMH, KBEPIIETHH MPOSBIISB
MOMIpHY TIHOTPUIIIIEPHIEMIUHY Ta TIOXOJICCTePHHE-
Mmiuny fito. ll{omo pieas XC JITIBIL, To BBeneHHs KBEp-
[ETUHY IT0Ka3aJI0 HOro He3HAYHE MiIBHUIICHHS W BifCyT-
HICTh cTaTUCTHYHOT pi3Hui 31 3HaueHHsM KIT (Tabn. 3).

3acrocyBanHs  Tabmetok  «Bazocrar-3mopoB’s»
CynpoBOKyBajiocsi cyTreBuM 3HmxkeHHs M TI, XC
JITTHII 1 3araneroro XC Ha 41,8 % (p<0,001), 31,4 %
(p<0,001) 1 20,4 % (p<0,001) BigNOBiHO Ta aHANOTIY-
HUM KBEPIICTUHY HEJJOCTOBIPHUM 3poCcTaHHIM piBHSI XC
JITIBIL, 110 y3ro/pKy€eThes 3 JaHUMU JTITEPaTypH 100
TIMOMIMiAEMIYHOT JiT CHMBACTaTHHY, SIKA peai3y€eThCs

Ta6muig 3
Tinoninminemiuna ist TBepAMX qUCHEPCiii KBepLIETHHY 32 YMOBH rinepiimninemii, Bukjmkanoi TBinom-80, (M + m), n=7
Cepin 1
Mokasnuk Tr, Zaranbunii XC, XC JITHILL, XC JITIBIIL,
I'pymnu MMOJIB/JT MMOJIB/JT MMOJIB/JT MMOJIB/JT
TBapHH
IK 0,74+0,04 2,21+0,09 1,10+0,07 0,34+0,08
KIT 1,46:0,05% 2,94+0,08% 1,85+0,09* 0,3140,05
Keepueri, 1,27+0,06%/%%*s 2,65+0,08%/**s 1,56+0,06%/%*s 0,44+0,06
50 Mr/kr
TAM1, 50 mr/kr 1,17+0,06%/**s 2,5940,07**s 1,47+0,05%/**s 0,46+0,08
TAM2, 50 mr/kr 1,20+0,05%/**g 2,64+0,06%*s 1,51+0,07*/**g 0,40+0,06
TIIM3, 50 Mr/kr 1,2120,07%/**s 2,66=0,09%*s 1,49£0,05%/**s 0,48+0,08
TIAK]1, 50 mr/kr 0,9620,05%*kd 2,37+0,05%%kd 1,25+0,05%*kd 0,46:0,07
TAK2, 50 mr/kr 0,99+0,07**kd 2,40+0,04**kd 1,31+0,06**kd 0,48+0,07
TAK3, 50 mr/kr 0,97+0,06**kd 2,39+0,08**kd 1,29+0,07**kd 0,42+0,05
Tabnetku «Ba3zocTar-
310poB’s», 0,85+0,05**kd 2,34+0,06**kd 1,27+0,07**kd 0,46+0,07
5 Mr/kr

Mpumitku: * — p<0,05 BigrHocHo nanux IK; ** — p<0,05 BizHocHo ganux KIT; k — p<0,05 BigHOCHO JaHUX CyOCTaHIii KBEPLETUHY;
s — p<0,05 BimHOCHO HaHuX TabneTok «Bazocrar-310poB’s»; d — p<0,05 BimHOCHO nanux T[IMI1.
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HIUISIXOM 1HT10yBaHHS nedinkoBoro depmenty ['MK-Ko-
A-penyKrasu, 3aBISIKA 9OMY OOMEKYETHCS IIBHIKICTH
CHHTE3Y XOJICCTEPHUHY Ta 30LIBIIYETHCS PELETITOP-0TI0-
cepeakoBanuii karadomizm JIITHIL, BinOyBaeThes 3HM-
xeHHs piBHA TI' 1 momipHe mifBuimieHHs BMmicty XC
JITIBI] (Owens, Byrnes, Mackman, 2014) (ta6m. 3).

[Ipodinaktnyne 3actocyBanHs TJl KBepreTHHY
3 MaHITOM Ta KOJIJIOHOM TIPOTSTOM 2 TH)KHIB ITOKa3aJo
X pi3HUI BIUIMB HA PO3BUTOK TiMepIimiaemii.

TJI xBepleTHHY 3 MaHITOM B yCiX TPhOX CITIBBIHO-
meHHstx 1:1, 1:2, 1:3 npurHidyBaau po3BUTOK TPHITI-
nepuaemii Ha 19,9 (p<0,01), 17,8 (p<0,01) Ta 17,1 %
(p<0,05) BigmOBiAHO HA PiBHI KBEPLETHHY. 32 BUPAXKEHI-
CTIO TimoTpuniinepuaemianoro edexry T/I kBepueTHHy
3 MaHITOM CTaTHCTHYHO 3Hauymo mnocrtynamucst 11
tabnetkam «Basoctary» (tabn. 3). Piens XC JITTHIILL
iz BIuBoM TJ{ KBepIIeTHHY 3 MAHITOM 3HIKYBABCS, SIK
nopiBHsATH 3 ToKa3zHukoM rpymu KI1, va 20,5 % (p<0,01),
18,4 % (p<0,05)ra 19,5 % (p<0,01) BiamoOBigHO, & BMICT
3aranbHoro XC —xa 11,9 % (p<0,01), 10,2 % (p<0,05),
9,52 % (p<0,01) BiamosimHO.

HagesieHi 3MiHM CTaTUCTHYHO HE BIAPIZHSIMCS BiJ
MOKA3HUKIB TPYIMU KBEPIETHHY, OJHAK 33 CTyNCHEM
SHIDKCHHS 1Ii aTEPOTCHHI MOKA3HUKHU BIPOT1THO MOCTY-
nanucs rinominigemianomy edexry I1I1 «Bazocrar-3m0-
POB’s» ¥t He HopMauTizyBaskcs a0 piBHs IK, mogiOHO 110
nii xBepreruny. Bmict XC JIIBI mix BmmmBom TJ{
KBEPIETHHY 3 MaHITOM TaKOK HE Ha0yBaB JOCTOBIPHUX
BigMiHHOCTEH, sik opiBHsATH 3 IK Ta KII (Tabm. 3).

Otxe, 3a ymoBH 3actocyBaHHS TJ| KBepueTHHY
3 MaHiTOM y chiBBigHomenHsx 1:1, 1:2 ta 1:3 moxkas-
Huku Jinigdoro npogisro TI, XC JITTHIL, 3aransHOrO
XC ta XC JIIIBIL 6ynu 3icTaBHUMH 3 JTaHUMHU TPYIH
TBapHUH, II0 OTPUMYBAIA HATUBHY CYOCTaHIIIO KBEp-
netuHy. BulleBUKIaaeHe 1a€ 3MOTrY MPHUITYCTUTH, IO
BukopucTanHs TJ] Ha OCHOBI MaHITy He BIUIMBA€E Ha 010-
JIOCTYITHICTh KBEPUETHHY 1, K HACIIJIOK, HE IMiJBHUIILYE
HOTO TIMOMIMiIeMIYHY aKTHBHICTb.

[Ipodinaktuune BBenenHs T KBepreTHHY 3 KOIIi-
JIOHOM TIPOTSTOM JIBOX THXKHIB 3aro0iranao pO3BUTKY
JUCITimiAeMii, CHOPUYMHEHOI JeTepreHToM TBiH-80,
1 CyIpOBOIKYBalIOCh IOCTOBIPHUMH KOPETYBATbHUMH
3MiHAMH BCiX JOCIIIKYBaHHUX ITOKa3HUKIB. BupaxkeHwuii
BIUTMB ycTaHOBIeHO mof0 TT, piBeHb SKHX Mia i€
TJ1 xBepleTHHY 3 KONITOHOM B YCiX CIiBBiIHOIIEHHSIX
1:1, 1:2, 1:3 AOCTOBIpHO 3HMXYBABCS, SIK MOPIBHITH
3 KI1, na 34,3 % (p<0,001), 32,2 % (p<0,001) Ta 33,6 %
(p<0,001) BiAMOBIHO, IO, MOXKJIMBO, OIMOCEPEIKOBAHO
CBIIYNUTH IIPO YIOBIIBHEHHS JIIMOMI3y B KHUPOBIH TKa-
HUHI BHACTIIOK ITiABHIICHOTO HAJXOKEHHS KBEpIle-
THHY 31 IITYHKOBO-KHIIIKOBOTO TPAKTy B KPOB. 32 BHUSIB-
JICHOIO TinoTpurIinepuaeMidnoro giero TJ] kBepreTuny
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3 KOJNIJIOHOM He BiJpi3HsUTUCS Bijg TabneTok «Bazo-
CTar-310pOB’s» i TOCTOBIPHO MEPEBUIIYBATH ¢(PEKTUB-
HIiCTh KBepleTrHy Ta TJ[ 3 MmaHiTOM (Tabm. 3).

Ha ¢oni BBeaenns T/ kBeplieTHHY 3 KOJIIIOHOM pee-
cTpyBasiu AocToBipHe 3HIKeHHs BMicTy XC JITTHIL[ na
32,4 % (p<0,001), 29,2 % (p<0,001), 30,3 % (p<0,001),
mo Bigmosimano 3uHauenHro IIIT Ttabmerkam «Baso-
cTar-3710poB’s» 1 OyJI0 CTaTUCTHYHO BHUPA3HIIINM, 5K
MOPIBHATH 3 KBEpLETHHOM, Ta TJ| KBepueTHHY 3 KOJIi-
JmoHoM. KpiM Toro, y kpoBi miypiB, siki orpumyBainu TJ]
KBEPIIETHHY 3 KOJIIJJOHOM, 3MEHIITYBaIacs KOHIICHTPAIlist
3arasibHoro XC Ha 19,4 % (p<0,001), 18,4 % (p<0,001)
ta 18,7 % (p<0,001) o pisus I1I1 i iHTAaKTHUX TBapHH.
BcraHoBneHi 3MiHU MOXKYThH CBITYHTH MPO TTOCHICHHS
TioXoJieCTepUHeMiYHOT [ii KBEpLUETHHY 3a YMOBHU
3aCTOCYBaHHS BKa3aHOI OCHOBH.

Crig 3a3HauuTH, 10 TinomimigemiuyHuin edext TJI
KBEPLUUTHHY 3 KONIJOHOM OYB MPHOIM3HO OXHAKOBHM
32 BUPA3HICTIO B YCiX JOCHIUKYBAaHHX CITiBBiJIHOIIICH-
HSX Ta JOCTOBIPHO IEPEBEPIIYBaB MiI0 KBEPICTHHY Ta
TJI kBepueTHHY 3 MaHITOM. 3a YMOBH 3acTOCyBaHHS TJ]
KBepreTuny 3 komigoHoM Bmict XC-JITIBIL] y cuposa-
TIi KpoBi Bignosigas Takomy 111 (Tabm. 3).

AHaji3 OTPUMAHHMX JaHHUX CBITYUTH MPO 301Jb-
HICHHST 010I0CTYITHOCTI Ta MOXJIMBY IPOJIOHTAIIiI0 ii
KBEpPILIETHHY 3a YMOBH 3acTocyBaHHs Horo T/ 3 xomimo-
HOM, IO MiATBEPIKYETHCS OLTBIN BUPAKSHUMH TiIOi-
MiIEMIYHUMH Ta AHTHATCPOTCHHUMHU BIIACTHBOCTSIMH,
SKi, 32 JaHUMH JITEpPaTypH, MOB’SI3YIOTh 31 3[aTHICTIO
HE TUTBKH 3aI00iraTH OKHCHOMY TOIIKOKCHHIO €HIO0-
TeJiaNbHUX KITITHH YHACHIJOK TaJbMyBaHHS YTBOPEHHS
okucHux Momudikariit JITTHIL, a i 3MeHITyBaTH yTBO-
PEHHS MIHUCTHUX KIITHH 1 CIPHUSITH BUIAICHHIO XOJIEC-
TEpUHY 3 HUX, 1[0 TOTCHIIITHO 3yIHHSE MPOrPeCyBaHHs
arepockiieposy. Llel edexr kBepleTHHY, 30KpeMa, Oro-
CepeKOBaHUK TOCWIICHHSM pEryJlii MepeHOCHHUKA
xonecrepuny ABCA1 ta dakropy Tpanckpumuii PPARy
(Papakyriakopoulou et al., 2022; Huwait et al., 2021).

OTxe, BpaxoBYIOUH MPHOIN3HO OFHAKOBHH CTYMiHb
HIBEJIFOBAHHS MPOSBIB TiMEpJIimieMii 32 YMOBH 3acTO-
CyBaHHS BCiX CHiBBiHOIICHD T]] KBEpLIETHHY 3 KOJiJI0-
HOM, OIITHMAJIEHOIO OCHOBOIO ISl KBEPLIETHHY ISl BHE-
CEHHS JI0 CKJIay JiKapchkoi (popMH TOLITBHO BHOpaTH
KoJi10H-30 y HaliMEHIIOMY CITIBBIJIHOIIICHHI 3 KBepIle-
THHOM 1:1.

Busnauenns HaiOLTbII edektuBHOi 7031 EMIIKT
TaKoXK TIPOBOAMJIM Ha MOJENI TBIHOBOI Timepiiriemii.
VY KpoBi TBapuH, SIKHM YBOIMIA TBiH-80, BCTAHOBIICHO
BIpOTiZHI 3MIHM TOKA3HMKIB JIiIMJHOTO MpOodimo, SK
nopiHsTH 3 1K, 110 3a crnpsMyBaHHSIM Oyl aHAJIOTIY-
Humu 3Ha"eHHsM rpynu KI1 I cepii nocmimpkenns (tad. 4).
3okpema, piBens TI 30imbnryBaBcs Ha 82,4 % (p<0,001),
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sarannbHOro XC — Ha 24 % (p<0,01), XC JITHIL — Ha
70,3 % (p<0,001), BomHOuac kouueHTparis XC JITIBIIL]
JIC0 3HWKYBAJIacs, OJHAK HE JOCTOBIPHO (Tadl. 4).

VY rpynax TBapuH, siki orpumysBaiun EMIIKI, Buse-
JIEHO JI0303aJICKHY IO3UTHBHY JWHAMIKY 3HIDKCHHS
BMmicty TI' B yciX TOCHIKYBaHHUX 033X, MIPOTE JTOCTO-
BipHI BIAMIHHOCTI, sIK mopiBHATH 3 Tpymnoto KII, cmo-
CTepirajiy JHIle 3a YMOBHU 3aCTOCYBaHHs (hiTOCKCTpaTy
B no3ax 200 (3HmxkeHHs Ha 22,6 % (p<0,05)) ta 250
(3amxenns Ha 20,1 % (p<0,05)) mr/kr. 3a BUpasHICTIO
rinotpurninepuaeMidnoi aii EMIIKI y Bkazanux mo3ax
He noctynagcst [111 Hactostaii «PaBicony (3HmkenHs TI
Ha 37,9 % (p<0,001)), Toxai six epexr EMIIKI" y mo3zax
1001 150 mr/kr (12,9 (p<0,001) ta 15,3 % (p<0,05) 3H1-
JKEHHsT) OyB CyTTE€BO HIKIMM 3a moka3HuK [1I1 (Tadm. 4).

Cnin 3azHaunt, mo EMIIKI' Takox mpoaemMoH-
CTPYBaB J10303AJIC)KHUII T1IIOX0IECTePUHEMIUYHUN e(eKT
3a 3JIATHICTIO 3HWXKyBaTH BMICT 3arajibHoro XC ta XC
JITHII. TIpodinaxtrune yseaenns EMIIKI y mozax
150, 200 ta 250 MI/Kr OPUBOIMIO JO JOCTOBIPHOTO
3HIKEHHS BMicTY 3arasibHoro XC y cHpoBartIii KpoBi, K
nopiBasty 3 KI1, Ha 13,7 % (p<0,05), 16,7 % (p<0,05)
ta 19 % (p<0,01) BimmoBimHO, HaBeneHi 3MiHM CTa-
TUCTHYHO HE BIJPI3HSUTUCS BiJ HAcTOSHKH «PaBicom,
TIIBKA HOKAa3HUK 3HMWKEeHHS XC mix Ai€r0 HalMEHIIOo1
no3u EMITKT 100 Mr/kr OyB HEIOCTOBIpHUM Ta CTaTHC-
tryHO noctynascs [111 (Tabm. 4).

[Tix BrmmBoM EMIIKT y mo3ax 200 Ta 250 mr/kr BcTa-
HOBJICHO CYTT€BE 3HMKeHHs npoareporenHoro XC JITTHIIL
Ha 19,4 % (p<0,05) ta 21,3 % (p<0,05), o 36iranocs
3 MOKa3HUKOM HacTosiHkH «PaBicom» — 25,2 % (p<0,05).
3minn koHreHtpaiii XC JITTHIL y rpynax, mo orpumy-
Bat EMIIKT y nozax 100 ta 150 mr/kr, Oyau MO3UTHB-

HUMH, aJi¢ He MOCSIajiyd CTAaTUCTHYHOI 3HAYYIIOCTI, SIK
TIOPIBHATH 3 MOKa3HUKAMH TBApUH 3 MOICIBHOIO IATOJO-
riero. Bmict antnareporernoro XC JINBIL mix BrutuBom
EMIIKT B ycix q0CHipKyBaHUX J103aX HE HAOyBaB JI0CTO-
BipHMX BigMiHHOCTEH, sk opiBHATH 3 IK Ta KII (Tabmn. 4).

OTxe, Ha MIICTaBI OTPUMAHUX NAHUX MOXKHA 3pO-
OWTH BHCHOBOK TMpPO TIMOJIMiJEMiuHI BIACTHUBOCTI
EMIIKT na piBHi [1I1 HacTostHku «PaBicom». PesynsraTu
CKCIIEPUMEHTY y3TOMKYIOThCS 3 JaHUMH JITEpaTypH,
3TiHO 3 SIKUMH EKCTPAKTU 3 KOPCHEIUIOAIB MOPKBU
CIPUSIIOTh 3HUKEHHIO BMICTY aTepOreHHHX XOJecTe-
PUHY Ta TPUDIILEPUIIB Y KPOBI MUIIICH 3 TEHETHYHOIO
cxuJIbHICTIO 10 atepockieposy (Shakheel et al., 2017).
Ockinbku Timoninigemiuauii epexkr EMITKIT mounnae
JIOCTOBIPHO MposiBIATUCS B 71031 200 MI/KT Ta 3anmuina-
€TBCSl CTAOUIPHO OTHAKOBHM IIPH 3aCTOCYBaHHI HallBU-
1101 AOCIIKYBaHOT 1031 — 250 MI/KT, JIst TIOAAIIBIIIOTO
(apMaKoJIOTIYHOTO BUBUCHHSI BUOPAHO yMOBHOTEpAIe-
BTHYHY 7103y 200 MI/KT.

VYpaxoBylouM OTpPHMAaHI pPe3yJibTaTH, pPO3pPOOICHO
komOiHoBaHi TabneTku (KT) Ha ocHoBi EMIIKI Ta TJI
kBepretuny. Ha III etami gocmikeHHS 3 METORO OUTBIII
TOYHOTO BM3HAYEHHS HOCIIB U TIOKpamieHHs 0iomo-
CTYITHOCTI KBEPIICTHHY BHMBYAJIHU TiMOJIMIIEMIYHi Biia-
ctuBocti KT na ocroBi EMIIKI™ ta T][ kBepreTuny sik
3 KOJIIJIOHOM, TaK 1 3 MaHiTOM (Taom. 2).

Sk BuaHO 3 Tabmn. 5, y rpyni BapuH KII Ha 11 ogHO-
pa3oBoro yBeleHHs TBiHY-80 crocTepiraiu BipoOriaHi
3MiHHU MTOKA3HUKIB JIMiTHOTO OOMiHY, SIKi CBITYMIIH PO
PO3BUTOK rinepiimiaemii. 3okpema, piseHb TI" 301b11y-
BaBcs BigHocHO rpymu IK Ha 53,8 %, piBenpr XC — Ha
24,9 %, XC JIIIHIL, — na 43,1 %, XC JIIBII] 3amu-
[I1aBCst HE3MIHHUM.

Tabnuns 4

I'inoninigemiuHa [isi eKCTPAKTY MOPKBH MOCIBHOI KOPEeHeII0/iB I'yCTOro 3a YMOBH TinepJiinigemii,
BUKJIUKaHOoi TBiHOM-80, (M £ m), n =7

Cepis 11

otasning TT, Saragbnuii XC, XC JITHLI, XC JIIBLLI,

Ipymu MMOJIb/JI MMOJIb/JT MMO.Ib/J MMOJIb/J
TBAPUH

IK 0,68+0,06 2,04+0,11 0,91+0,08 0,57+0,06
KII 1,24+0,07* 2,63+0,10% 1,55+0,08* 0,49+0,05
5%4353 1,08+0,05%/% 2,330,12% 1,36:0,09* 0,540,06
50 rmier 1,05:0,08*/* 2,2740,11%* 1,31£0,08* 0,59+0,07
;61?)41;5; 0,96+0,07** 2,19+0,12%% 1,2540,09%/%* 0,64+0,07
2]351\(;135; 0,98+0,06** 2,1320,10%* 1,2240,08*/%* 0,61+0,06
Hacm?é’éahf/’zf oo, 0,77+0,05%** 1,95+0,11%* 1,16£0,07%/%* 0,54+0,07

pumitku: * — p<0,05 BigocHo manux IK; ** — p<0,05 BimHocHO nanux KII; R — p<0,05 BiqHOCHO aHUX HACTOSTHKHU «PaBicom.
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Tabmnus 5

linosininemiuna aisi KoOMOiHOBaHUX Ta0JIETOK HA OCHOBiI MOPKBH MOCIiBHOT KOPEHEIIO/IiB eKCTPAKTY
rycTOro Ta TBepAuX Jucnepciii KBepueTuHy Ha MoJeJi rinepainigemii, BukJjmnkanoi Teinom-80, (M m) n=7

Cepis 11
Moka3znuk TT, 3araapunii XC, XC JIITHIL, XC JIBI,
I'pynu TBapun MMOJIb/J1 MMOJIB/JI MMOJIB/JT MMOJIB/JI
IK 1,17+0,08 2,29+0,10 1,16+0,13 0,49+0,07
KII 1,80+0,12%* 2,86+0,15* 1,66+0,18%* 0,38+0,05
KT Nel, 100 mr/xr 1,56+0,24 2,52+0,18 1,44+0,21 0,37+0,05
KT Nel, 200 mr/kr 1,33+0,20 2,43+0,20 1,31+0,20 0,38+0,03
KT Ne2, 100 mr/xr 1,4120,17 2,41%0,15 1,28+0,14 0,3620,02
KT Ne2, 200 mr/xr 1,150,11%* 1,85+0,17%* 1,22+0,11 0,41+0,03
Tabnericn HIKOTHHOBOT KHCHOTH, 1,040, 12+ 1,7140,10%* 1,380,15 0,44+0,04
180 mr/kr
Taoneriar «Basocrar-310pos . 0,92:0,10%%/% 2,28+0,10%* 0,94+0,14%* 0,39:0,06
Hacrostnka «Pasicomny, 360 Mr/kr 1,24+0,10%** 1,91+0,13** 1,19+0,05%* 0,31+0,02

[pumitku: * — p<0,05 BimHocHO manux IK (p<0,05); **
HacTOsHKU «PaBicomny.

3a yMOBU TIPO(iIAKTUYHOTO yBEJICHHS KOMOIHOBa-
HUX TaOCTOK HAHOLIBII BUPAKCHUI HOPMaJIi3yBaIbHIHA
BITMB BCTAQHOBJICHO B TPYIi TBApUH, IO OTPUMYBAJH
KT Ne 2 y 1031 200 MI/kT, CKJIaIOBUMH KOMIIOHCHTaMH
sxoi € TJ| xBepueTuHy 3 komigoHowm. Lleit BB mpo-
SIBHCSI TOCTOBIPHUM 3HI)KCHHSIM MTOKA3HHUKIB JIITiTHOTO
crekrpa kposi TT" Ha 36,1 % (p<0,01) i 3aransrHoro XC
Ha 35,3 % (p<0,001) Ta MO3UTUBHY TCHCHIIIIO 10 3MEH-
urenss pisag XC JITTHIL Ha 26,5 % (t = 2,1).

CyrreBux 3MiH 32 ymoBHu 3actocyBaHHs KT Ne 2
y mo3i 100 mr/kr ta KT Ne 1 y mo3ax 100 ta 200 mr/kr
BUABJIEHO He Oyio (Tadi. 5).

Cepen Il nHaiiBupasHImMHA TiHOTpUDIINEpUIEMIU-
HUH BIUIMB BCTAHOBICHO IIPH 3aCTOCYBaHHI TaOIETOK
«Basocrar-3nopoB’s» (3HMKeHHs Ha 48,9 % (p<0,001)),
sikuid OyB 3icTaBHUM 3 TakuM KT Ne 2 'y mo3i 200 mr/kr
Ta JJOCTOBIPHO TepEeBEPIIyBaB 3a3HaYCHNH e(heKT HACTO-
sHKH «PaBicom».

3a 37aTHICTIO TPUTHIYYBAaTH PO3BHUTOK TiMepIimigemii
KT Ne 2 y nosi 200 mr/kr we mocrymasucs [1I1 tabner-
KaM HIKOTHHOBOI KMCJIOTH, HACTOsHII «PaBicom» 1 Tadier-
kam «Basocrar-3mopoB’si». KpiM Toro, 3a 3acTocyBaHHS
TaOlIeTOK HIKOTHHOBOT KUCTIOTH, Ha BijiMiHy Bit KT Ne 2 Ta
iHmux [T, 3smenmenns pieas XC JITTHIL ve Oymo mocto-
BIPHUM, MIO TOSCHIOETHCS MEXaHI3MOM JIii HIKOTHHOBOL
KHUCJIOTH, y SIKOMY TiepeBaae BIUTHB Ha BMicT T (Tabu. 5).

OTxe, 3a pe3yabraTamH 1€l cepii ToCiHKeHHS Hal-
BHpa3HiNly rinoiimigeMidny giro yuaate KT y ckmami
TJl xBepueTHHY 3 KOJIZJOHOM Ta EKCTPaKTy MOPKBH

— p<0,05 Bigaocuo manmx KII; R — p<0,05 BigHOCHO maHUX

MOCIBHOI KOPEHETUIONiB rycToro B g031 200 Mr/kr, mo
nmae 3Mory obparu mo3y 200 MI/Kr sSK yMOBHOTeparie-
BTUYHY JUIS TIOAAJIBIIOTO (hapMaKOJIOTIYHOTO BUBYCHHS
KOMOTHOBaHOTO 3ac00y.

AHaITI3y1041 pe3ylbTaTH BCiX KCTIEPHUMEHTIB, MOYKHA
MiICYyMyBaTd, IO BHPaXEHA TIMOTPUNIIIEPUACMITHA
Ta TIMOXOJEeCTepUHEMIUHA Jisi KOMOIHOBaHHMX TaOJICTOK
3 EMIIKI" i KBepLIETHHOM Ha OCHOBI KOJIJIOHY 3yMOB-
JICHa aTATUBHOIO CYMAITi€r0 e()eKTiB 000X KOMITOHCHTIB.

BucHoBkm.

1. 3a pe3yabraramMm CKpPHMHIHIOBOIO  J0CJIi-
JUKeHHSI Ha MOJeJIi rinepJiimigemii, BUKJIUKaHOI TBi-
HOM-80, eKcIepMMEHTAJIbHO OOIPYHTOBAHO CKJIAJ
TBepAoi Aucnepcii KBepuUeTHHY HA OCHOBi KOJIIZOHY
3 MIKPOKPHCTAJIIYHOI0 LIeJII0/103010, IKMII 3a0e3me-
4yye miaBUIEHHS HOro po34nMHHOCTI il GiogocTynmHo-
CTi Ta MOCUJIEHHS TiNoJinigeMiYHuX BJIACTUBOCTEI.

2. BcTaHOB/IEHO  YMOBHOTEpPANeBTUYHY /103y
E€KCTPAKTY MOPKBH NOCIBHOI KOPEHENI0/iB I'ycToro
3a rinoJinizemiynoro aiero 200 Mr/Kkr.

3. 3aBasikn  ONTUMAJIBHO Ai0OpaHOMY CKJIaAy
BiA0yBaeThCsl aIMTHBHA cymalisg edekTiB KBepie-
THHY Ta eKCTPAKTY MOPKBHU MOCIBHOI KOpEHEII0iB
rycToro, 3aBIsiku YoMy KoMOiHOBaHMii 3aci0 y no3i
200 Mr/Kr He MOCTYNAETHCA BiAOMUM rimoJiinigemiv-
HHMM npenaparam TadjieTkamM HiKOTHHOBOI KMCJIOTH,
HactosHui «PaBicos» i Tadgerkam «Ba3ocrar-310-
POB’s1» 3a rinoTpuriIinepuaeMiuyHoI0 Ta rinoxoJecre-
pHUHEMiYHOIO Ji€10.
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SELECTION OF AN OPTIMAL EXTRACTANT FOR THE EXTRACTION OF BIOLOGICALLY
ACTIVE COMPOUNDS FROM KOKTEBEL KATRAN LEAVES AND ROOTS

Actuality. In order to develop new, effective medicines, substances of natural origin are attracting attention. An important stage
in the extraction of plant substances is extraction, which is determined by the general laws of mass transfer, plant cell properties,
physicochemical affinity of the extractant and biologically active substances to be extracted.

Koktebel katran (Crambe Koktebelica (Junge) N. Busch), belonging to the genus Crambe L. of the cabbage family (Brassicaceae),
is a promising but insufficiently studied plant. According to scientific literature, this plant has antimicrobial properties and is a source
of natural antioxidants.

In Ukraine, Koktebel katran was introduced into culture by scientists from the Department of Cultural Flora of the M.M. Hryshko
National Botanical Garden of the National Academy of Sciences of Ukraine (Kyiv).

© S. Marchyshyn, L. Budniak, L. Slobodianiuk, O. Skrynchuk, R. Basaraba, M. Vasenda 147 ==



Bionoria. Papmauin

The aim of the study was to experimentally investigate the effect of the studied extractants on the extraction of a complex of
biologically active substances: the sum of hydroxycinnamic acids, the sum of flavonoids and the sum of phenolic compounds from
Koktebel katran leaves and roots.

Material and methods. The raw materials of Koktebel katran were harvested at the experimental plots of the Department of
Cultural Flora of the M. M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine in Kyiv. The material
for the study was extracts obtained from the leaves and roots of Koktebel katran by extracting with the following extractants: purified
water, 40 %, 50 %, 60 % and 70 % ethanol.

When determining the optimal extractant for obtaining extracts from Koktebel katran leaves and roots, the yield of the sum of
phenolic compounds, the sum of hydroxycinnamic acids and the sum of flavonoids, which were determined by the spectrophotometric
method, was considered as the evaluation criterion. The extracts were obtained by maceration with periodic stirring.

Results and discussion. The influence of the nature of the extractant on the extraction of a certain group of BAS (sum of
hydroxycinnamic acids, sum of flavonoids, sum of phenolic compounds) from the leaves and roots of Koktebel katran was determined.
It has been established that the highest content of the studied groups of biologically active substances (BAS) in Koktebel katran leaves
and roots belongs to the sum of phenolic compounds, and the best extractant that extracts the maximum amount of BAS is 70 %
and 60 % ethanol solution, respectively.

Conclusion. The regularity of the yield of the sum of hydroxycinnamic acids, the sum of flavonoids and the sum of phenolic
compounds depending on the nature of the extractant in the preparation of extracts from Koktebel katran leaves and roots was studied.
The optimal extractant for the extraction of the total complex of bioactive substances from Koktebel katran leaves and roots was
selected, which is a 70 % and 60 % ethanol solution, respectively. It was found that the content of the studied bioactive substances in
the extract from Koktebel katran leaves is significantly higher than in the extract from Koktebel katran roots.

Key words: Koktebel katran, leaves, roots, hydroxycinnamic acids, flavonoids, phenolic compounds.

Ceimnana MAPYUIITUH

00Kmop hapmayeemuynux Hayx, npogecop, 3asioysau xapeopu @GapmMaxKocHo3ii 3 MeOuuHow OOMAHIKOM,
Teproninvcokutl HayioHanvHull meduunuti yuigepcumem imeni 1. H. Topbauescvrkoco Minicmepcmea oxopouu
300p0o8’a Ykpainu, Maiioan Boni, 1, m. Tepronine, Yrpaina, 46001 (svitlanafarm@ukr.net)

ORCID: 0000-0001-9585-1251

SCOPUS: 57410602600

Jdinia BY/THAK

Kanouoam apmayeemudnux Hayx, 0oyenm, 0oyeHm xagheopu YnpasiinHs ma eKOHOMIKU (hapmayii 3 mexHono2ieio
nikie, Tepnoninbcokuil HayionanvHuil meouunuii ynieepcumem imeni I. 2. Topbauescvkoco Minicmepcmaa oxoponu
300po8’s Yrpainu, Matioan Boni, 1, m. Teproninw, Ykpaina, 46001 (stoyko li@tdmu.edu.ua)

ORCID: 0000-0002-4869-1344

SCOPUS: 57211323941

Jwomuna CJIOBOAAHIOK

Kanouoam papmayesmuuHux HayK, 0oyenm, 00yeHm 3akiady euwoi oceimu kapeopu hapmakoeHosii 3 MeouuHow
bomawnikor, Teproninbcokull HayioHanrvHull meduunutl yHisepcumem imeni 1. HA. Topbauescvroeo Minicmepcmea
oxopouu 300pos’s Yxpainu, Matioan Boni 1, m. Tepnonine, Yxpaina, 46001 (husaklv@tdmu.edu.ua)

ORCID: 0000-0002-0400-1305

SCOPUS: 57211311669

Onvea CKPUHYYK

doxmop inocoghii, acucmenm Kageopu Gapmayii, ByKOSUHCLKUL OEPAUCABHULL MEOUUHUL YHigepcumem,
Teampanvna nnowa, 2, m. Yepnisyi, Yxpaina, 58000 (vasylynchuk@bsmu.edu.ua)

ORCID: 0000-0001-6498-3497

SCOPUS: 57208184460

Poxkconana BACAPABA

Kanouoam papmayesmuurux HayK, cmapuuil 6ukaiaoay kageopu gapmayii, bykosuncvruil Oepocasruti MmeOuyHull
yrigepcumem, Teampanvra niowa, 2, m. Yepnisyi, Yxpaina, 58000 (roksishkal @gmail.com)

ORCID: 0000-0002-0799-7718

SCOPUS: 57219297035

Map’ana BACEH/]A

Kanouoam apmayesmudnux HayK, 0oyeHm xageopu YynpasiinHs ma eKOHOMIKU apmayii 3 mexHono2ieo aiKis,
Tepuoninvcokutl HayioHanvHull meduunuli yuigepcumem imeni 1. H. Topbauescvrkoco Minicmepcmea oxopouu
300p08’a Ykpainu, eyn. [uooka, 19a, m. Tepronine, Yipaina, 46001 (vasenda@tdmu.edu.ua)

ORCID: 0000-0002-1548-0145

SCOPUS: 57221110498

. 148 ®itorepanis. Yaconuc Ne 2, 2024



Bionoria. Papmauin

Biomiorpagiunmii onuc crarri: Mapunmmn C., bynusak JI., Crobonsuiok JI., Cxkpunuyk O., bacapaba P.,
Bacenga M. (2024). Bubip onTHMajibHOTO €KCTareHTa JUisl BHJIYYCHHS OI1OJOTiYHO AKTHBHHUX CIOJNYK
i3 KaTpaHy  KOKTEOGNbCBKOTO  JIMCTKIB Ta  KOpeHiB.  @Dimomepanis.  Yaconuc, 2, 147-153,
doi: https://doi.org/10.32782/2522-9680-2024-2-147

BUBIP OITUMAJIBHOI'O EKCTATEHTA AJISA BUJTYYEHHSA BIOJTOI'TYHO AKTUBHUX
CHOJIYK I3 KATPAHY KOKTEBEJbCBKOI'O JIMCTKIB TA KOPEHIB

Axmyanshicmo. 3 memoro pospooxu HOBUX, eeKMUBHUX TIKAPCLKUX 3aco0i8 Yéazy 0o cebe npusepmaronv CyoOCmanyii npupooHo2o noxo-
Ooicenns. Baowenueoio cmaodicto ompumanis pociuHHux cyocmanyiti € ekcmpazyeanns, sike 3yMoeneHe 3a2albHUMU 3aKOHAMU MACOOOMIHY,
GIACMUBOCHIAMU POCTUHHOT KTIMUHU, QI3UKO-XIMIYHOIO CROPIOHEHICIIO eKCpPazeHmy ma 0ioNo2iuHO AKMUSHUX PEHOBUH, KT 6UTYHAIONbCAL.

Kampan kokmebdenvcokuii (Crambe Koktebelica (Junge) N. Busch), axuii nanesxcums 0o poody Kampan (Crambe L.) poounu kany-
cmani (Brassicaceae), € nepcnekmusnolo, ane HeOOCMAmMHbO 8UBHEHOI0 POCIUNOI0. 3a Oanumu O0dxcepell HAYKO8oi nimepamypu, ys
POCTUHA NPOABTAE AHMUMIKPOOHT BI1ACTNUBOCTI MA € 0ACEPENOM NPUPOOHUX AHMUOKCUOAHMIS.

B Vkpaini xampan kokmebenbcoKuil 66e0eHO 8 KYIbmypy HAyKo8ysmu 8i00iny KyasmypHoi ¢nopu Hayionanvnozo bomaHiuno2o
caody imeni M. M. Ipuwura HAH Ykpainu (m. Kuis).

Mema 0ocniorceHna — eKCnepuUMeHManbHUM WIIAXOM GUEUUMU GNIUE OOCTIONCYBAHUX eKCMPALeHMIE8 HA GUIYYEHHS KOMNIEKCY
0ion02i4HO AKMUBHUX PEHUOBUH: CYMU 2I0POKCUKOPULHUX KUCTOM, CYMU (IaBOHOIOIE | CyMU (henonbHuUX CROTYK i3 Kampary Kokmebensb-
CbKO20 IUCMKIE MaA KOPEHIE.

Mamepianu ma memoou docnidxicenus. Cuposury Kampary KOKmeoenbCbKo20 3a20MosIsau Ha O0CIIOHUX OLIAHKAX GI00LTY K)Ib-
mypHoi ¢propu Hayionanvrnozo bomaniunozo cady imeni M. M. Ipuwxa HAH Yxpainu 6 Kuesi. Mamepianrom 01a docnioxcens 6yiu
BUMANCKU, 00EPAHCANT 3 TUCMKIG | 3 KOPEHI6 KAMpPAary KOKmMehenbCbKo20 WIIAXOM eKCIMpPA2y8anHts Makumy eKCmpazenmamu, sSK 600a
ouuwena, 40 %, 50 %, 60 % ma 70 % emanon.

11i0 uac scmanognents OnMUManbHO20 eKkcmpazeHma 0151 OMPUMAHHS GUMAINCOK 3 KAMPAHY KOKMebelbCbKo20 NUCMKIE | KopeHis
Kpumepiem OyiHIO8AHHA 86ANHCANU BUXIO CYMU (PEHONbHUX CROMYK, CYMU CIOPOKCUKOPUUHUX KUCTIOM MA CyMU (pnasonoiois, sAKi eusHa-
4@ cnekmpo@omomempuiHUM Memooom. Bumsiicku ompumyeanu mayepayicio 3 nepioOuyHumM nepemiutyanHsIM.

Pesynomamu 0ocniosycenna ma ix 062080penns. BusnaueHno eniug npupoou ekcmpazeHma Ha euiyienus nesHoi epynu BAP (cymu
2I0POKCUKOPUUHUX KUCTIOM, CYMU (DPIABOHOIOI6, CyMU (DeHONbHUX CHOAYK) I3 TUCMKIE Md 3 KOPeHie Kampany Kokmebenibcbkozo. Bema-
HOBIEHO, WO HauOIIbWUIL MicT i3 00CAI0JNCY8aAHUX 2pyn bionoziuno akmugnux pevosun (bAP) y kampany kokmebenbcbKkoeo Tucmkax
i KopeHsAx Hanedlcumv CyMi hpeHONbHUX CNONYK, a HAUKPAWUM eKCmpazeHmoMm, AKUll 8unyiac makcumansiy xinokicmos BAP, € 70 %
i 60 % poszuun emanony 8i0n0GIOHO.

Bucnoeok. [Jocniodceno 3akonomipricms 8uUxody cymu 2iOpOKCUKOPUHHUX KUCTOM, CYMU (PaoH0i0i6 | cymu (heHOTbHUX CROYK
3aNeACHO i0 NPUPOOU eKCIMpPazeHma P 00ePIHCAHHI BUMAICOK 3 KAMPAHy KOKMebenbCbKko2o IUCMKIE ma kopenis. [libpano onmu-
MAIbHULL eKcmpaceHm OJisl ULYHEeHHsT cymapho2o komniekcy BAP i3 kampany kokmebenbcbkoeo aucmkie ma koperis, skum € 70 %
i 60 % poszuun emanony 6ionogiono. Bcmanoeneno, wo y sumsaicyi 3 kKampamny KOKmeoenbCcbko2o aucmkie ymicm oocuioxcysanux bAP

SHAUHO BUIYULL, HINC Y BUMANCYT 3 KAMPAHY KOKIMEOeIbCbK020 KOPEHIS.
Knrouosi cnosa: kampan kokmebenvcokuil, TUCMKU, KOPeHi, 2i0pOKCUKOPUYHE KUCIOMU, (PLABOHOIOU, hpeHONbHI CROIYKU.

Introduction. Actuality. In order to develop new,
effective medicines, substances of natural origin are
attracting attention. This is due to the fact that with
the correct dosage, herbal remedies are affordable,
characterized by low toxicity, easy absorption by the
human body, the possibility of long-term use without
the risk of side effects, mildness and reliability of action
(Vyshnevska, 2008; Shostak, 2014; Budniak, 2021 a, b).

An important stage in the production of plant
substances is extraction, which is determined by the
general laws of mass transfer, plant cell properties,
physicochemical affinity of the extractant and
biologically active substances to be extracted (Shostak,
2014; Krvavych, 2016; Degtyareva, 2016).

An insufficiently studied but promising plant is the
Koktebel katran (Crambe Koktebelica (Junge) N. Busch)
belonging to the genus Crambe L., family Brassicaceae
(Prina, 2009). It is an annual or biennial herbaceous
semi-rosette plant, a narrow-range endemic found in the
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Karadazh mountain range near the village of Koktebel and
on the coast of Koktebel Bay. Plants grow either singly or
in small groups. However, studies by A. A. Ena refute the
endemicity of this species (Prina, 2009; Ilyinska, 2007).

In Ukraine, Koktebel katran was introduced into
culture by scientists from the Department of Cultural
Flora of the M. M. Hryshko National Botanical Garden
of the National Academy of Sciences of Ukraine (Kyiv)
(Catalogue, 2015; Vergun, 2018).

According to scientific literature, this plant has
antimicrobial properties and is a source of natural
antioxidants (Pushkarova, 2016; Skrynchuk, 2019;
Marchyshyn, 2020; Slobodianiuk, 2021).

The aim of the study. To study experimentally the
effect of the studied extractants on the extraction of a
complex of biologically active substances (BAS): the
sum of hydroxycinnamic acids, the sum of flavonoids
and the sum of phenolic compounds from Koktebel
katran leaves and roots.
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Materials and methods. The leaves and roots of
Koktebel katran were used for the study, which were
harvested in the experimental plots of the Department of
Cultural Flora of the M. M. Hryshko National Botanical
Garden of the National Academy of Sciences of Ukraine in
Kyiv, and the following extractants: purified water, 40 %,
50 %, 60 % and 70 % water-ethanol solutions. The plant
material was air-dried at room temperature (25°C) and
stored in paper bags in a dry place (Slobodianiuk, 2022).

Water-ethanol and aqueous extracts were obtained
by maceration with periodic stirring. The ratio of
raw material: extractant was 1:10. When extracting
biologically active substances (BAS) from Koktebel
katran, the roots were left to infuse with the extractant for
seven days; when extracting BAS from Koktebel katran
leaves, the extraction time was reduced to three days.

The obtained extracts were filtered through a
paper filter and condensed in a rotary evaporator at a
temperature of 50—60 °C.

In determining the optimal extractant, the evaluation
criterion was the yield of the sum of phenolic
compounds, the sum of hydroxycinnamic acids and the
sum of flavonoids, the quantitative content of which was
determined by the spectrophotometric method using a
UV-1800 Shimadzu spectrophotometer (Japan).

The quantitative content of the total flavonoids
was determined in terms of rutin at a wavelength of
415 nm in a cuvette with a layer thickness of 10 mm;
the total hydroxycinnamic acids — at a wavelength
of 327 nm in terms of chlorogenic acid; the total
phenolic compounds — at a wavelength of 270 nm

in terms of gallic acid (DFU, 2015; Fedosov, 2018;
Savich, 2020).

Results and discussion. According to the data
obtained, the highest content of the studied BAS in
the leaves of Koktebel katran belongs to phenolic
compounds, which were on average 4.84 and
6.75 times higher compared to hydroxycinnamic acids
and flavonoids, respectively.

Fig. 1 shows the dependence of the extraction of the
sum of phenolic compounds on the nature of the extractant
from the leaves of Koktebel katran. It was found that the
maximum yield of the sum of phenolic compounds is
provided by a 60 % ethanol solution — 24.98 %.

When extracted with 70 % and 50 % ethanol solutions,
23.02 % and 22.46 % of the total phenolic compounds,
respectively, are transferred to the extract. The smallest
amount of the studied compounds was extracted using
40 % ethanol (21.52 %) and purified water (19.49 %).

Analyzing the effect of different extractants on the
extraction of hydroxycinnamic acids from Koktebel katran
(fig. 2), the following results were observed: extraction
with 70 % ethanol solution allowed to extract the largest
amount of these substances — 6.31 %. A significant amount
of the sum of hydroxycinnamic acids (5.42 %) was also
extracted with 40 % ethanol solution. When extracted
with 50 % and 60 % ethanol, the amount of the studied
substances was 4.97 % and 4.84 %, respectively. The
lowest yield of hydroxycinnamic acids, which amounted
to 1.5 %, was obtained by extraction with purified water.

Fig. 3 shows the results of the effect of the nature of the
extractant on the extraction of the total flavonoids from
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Koktebel katran. Thus, the highest yield of total flavonoids
(4.60 %) from Koktebel katran was observed in extracts
obtained using 70 % ethanol solution. A good result was
also obtained when using 50 % (3.99 %) and 60 % (3.39 %)
ethanol. When extracted with a 40 % ethanol solution, 3.23 %
of the total flavonoids were transferred to the extract. Purified
water extracted the least amount of these substances (1.3 %).
We also studied the effect of the nature of the extractant on
the extraction of the complex of bioactive substances from the
roots of this medicinal plant. The analysis of the data obtained
showed that the quantitative content of the studied bioactive
substances in the roots of Koktebel katran was lower than in the
leaves. Thus, the content of the sum of phenolic compounds in

the leaves of Koktebel katran was 3.5 times higher than in the
roots, the sum of hydroxycinnamic acids — 5.7 times, the sum of
flavonoids — 13.1 times. The results of the quantitative content
of extracted BAS from Koktebel katran roots depending on the
nature of the extractant are shown in fig. 4.

According to the results shown in fig. 4, we state that
the highest content of extracted BAS in Koktebel katran
roots belongs to the sum of phenolic compounds, the
highest yield of which is provided by the use of 40 %
(6.6 %) and 60 % (6.51 %) ethanol. A good result is also
obtained when using 70 % and 50 % ethanol. The least
amount of the studied substances was extracted with
purified water (6.06 %).
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Fig. 2. Influence of the nature of the extractant on the extraction of hydroxycinnamic
acids from Koktebel katran leaves
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Fig. 4. The effect of the nature of the extractant on the extraction of bioactive
substances (sum of hydroxycinnamic acids, sum of flavonoids and sum of phenolic
compounds) from katran of Koktebel roots

When extracting the total hydroxycinnamic acids, the
best extractant was a 70 % ethanol solution, which extracted
1.71 % of these substances from the roots. The use of 50 %
and 60 % ethanol extracted 0.76 % and 0.7 % of the total
hydroxycinnamic acids, respectively. The least amount of
hydroxycinnamic acids was transferred to the extract when
using purified water and 40 % ethanol.

The highest total amount of flavonoids was extracted
from Koktebel katran roots with 50 % (0.37 %) and
60 % (0.36 %) ethanol. When using 70 % and 40 %
ethanol, 0.21 % and 0.19 % of the flavonoids, respectively,
were transferred to the extract. The smallest amount of the
studied substances was extracted when using purified water.

Conclusion

1. The yield of the sum of hydroxycinnamic
acids, the sum of flavonoids and the sum of phenolic
compounds from Koktebel katran leaves and roots was
determined depending on the nature of the extractant
(purified water, 40 %, 50 %, 60 %, 70 % ethanol).

2. It has been proved that the content of the sum
of the studied substances in Koktebel katran leaves is
much higher than in the roots.

3. The optimal extractant for the extraction of
a complex of biologically active substances from
Koktebel katran leaves and roots was selected, which
is 70 % and 60 % ethanol, respectively.
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RESEARCH ON PROFESSIONAL COMPETENCES OF PHARMACY SPECIALISTS
AND ANALYSIS OF THE POSSIBILITY OF THEIR DEVELOPMENT IN THE SYSTEM
OF POSTGRADUATE EDUCATION OF PHARMACISTS

Actuality. In the conditions of the socio-economic crisis and martial law in Ukraine, reviewing the professional competencies
of pharmacists is an important and relevant direction of research for the sustainable development of the pharmaceutical sector of
the healthcare industry. The main place in this direction is occupied by professional development in the system of postgraduate
education of pharmacists or lifelong learning. A modern pharmacist must meet professional competencies and take into account today s
requirements for the acquisition of hard skills and soft skills for work in wartime and emergency situations, must be adaptable, flexible
and able to adjust to rapidly changing population needs. This provides an opportunity to update the professional skills and practical
knowledge of pharmacists regarding the use of modern technologies and the development of contemporary professional competencies,
making them more in demand by employers in practical pharmacy. The updating of professional competences will allow pharmacists
to respond more effectively to the needs of consumers, to improve the skills of managing stocks of drugs and medical preparations in
modern conditions. Taking into account the specificity of the state of war in the educational programs for the professional development
of pharmacists will help them adapt their practice to emergency situations and ensure effective pharmaceutical care for the population.

The purpose of the work. Research of professional competencies of pharmacy specialists with further analysis of the possibility of
their development in the system of postgraduate education of pharmacists.

Materials and methods. The research employed general theoretical research methods including information search, analysis of literary
sources, method of generalization, semantic analysis, analytical and graphical methods, as well as the sociological method of questionnaire
survey (Mishra, P. et al, 2021). Google Forms (Google Inc., USA) was used for creating the questionnaire and collecting survey results.

Descriptive statistical methods and statistical inference were employed in the processing and analysis of survey data. Epitools
(Ausvet Ltd., Australia) and the statistical package STATISTICA 13 (TIBCO Software Inc., USA) were used for calculations and
data analysis. Additionally, auxiliary calculations and most of the graphs were created using MS Excel 2021 spreadsheet sofiware
(Microsoft Corporation, USA).

Research results. The questionnaire was aimed at researching 14 professional qualities of pharmacy specialists in three directions:
the importance of qualities (characteristics) for distinguishing highly efficient performance from performance at a sufficient level; the
possibility of developing a certain quality with the help of educational programs, the expediency of including a certain characteristic
in the qualification requirements when recruiting personnel for the position of pharmacist.

The research demonstrates a high level of consistency among the three obtained rankings and identifies professional characteristics
that were evaluated as the most significant across all research directions. These include: professional awareness, responsibility and
the ability to improve qualifications. It was found that respondents tend to rate the possibility of developing the professional qualities
and abilities of pharmacy workers with the help of educational programs lower than the importance of these qualities for the highly
efficient performance of professional duties and the feasibility of their inclusion in the requirements for the position of a pharmacist.

Conclusion. According to the research findings, in terms of informativeness for the inclusion in the qualification requirements for
the position of pharmacist, the most important professional qualities are responsibility, ability to improve qualifications, professional
awareness, carefulness and accuracy, while the least important ones are purposefulness, ability to persuade and tolerance.

According to the results of the questionnaire, the ability to improve qualifications was put forward by the respondents in the first
place among all professional characteristics that can be developed with the help of educational programs in the system of postgraduate
education of pharmacists. The need for monitoring and updating educational programs in the system of professional development
of pharmacists and other measures of continuous professional development, based on the requests of practical pharmacy, has been
established.

. 154 © M. Zarichkova, I. Mishyna



Bionoria. Papmauin

The results of the study can be useful for developing and implementing new educational programs and professionally-oriented CPD
activities in the system of continuous professional training for pharmacists. They can also be used for managing human resources in
pharmaceutical organizations, enhancing personnel selection, developing effective employee development strategies and ultimately
improving the level of pharmaceutical services and customer satisfaction.

Key words: continuous professional development, educational programs, hard skills, lifelong learning, pharmacist, pharmacy,
pharmacy professionals, postgraduate education, professional competencies, qualification enhancement, soft skills.
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JOCJIIAXKEHHS I[PO@ECIIEHI/IX KOMIETEHTHOCTEM PAXIBLIB ®APMAIII TA AHAJII3
MOXKJINBOCTI IX PO3BUTKY B CUCTEMI HICJAJUIIIIOMHOI OCBITH ®PAPMAIIEBTIB

Axmyanvhicme. B ymosax coyianbHo-eKoHOMIUHOT Kpusu ma 60€HHO20 cmawny 8 YKpaiui nepe2nsio npogecitinux xomnemenyiu gap-
Mayesmie € 8adCIUBUM Ui AKMYANbHUM HANPAMOM OO0CTIONCeHb OJid CMANo20 po3GUMKY (apmayesmuiHo20 CeKmopy 2any3i OXopoHu 300-
pos’si. Tonosre micye 6 ybomy Hanpsami nocioae nidguUjeHHsl Kealighikayii 6 cucmemi RICIAOUNIOMHOL océimu ghapmayesmis abo HAGUAHHSL
6npodoeaic scumms. Cyuacnuil papmayesm mae 6ionogioamu npoghecivinum KomMnemenyism ma 6paxosyeamu GUMO2U CbOOOEHHs U000
na6ymms hard skills i soft skills 015 po6omu 6 ymosax 60€HH020 cmamny ma HAO36UUAUHUX CUMYAYILL, NOGUHEH OYMU AOANMUGHUM, CHYUKUM
ma adanmysamucs, 00 HOMped HAceleHHsl, Wo WEUOKO 3MiHIolombcsl. Lle dae 3moey onosumu npogecitini Haguuku ma npakmuyni 3HanHs
hapmayesmis w000 BUKOPUCIIAHHS HOGIMHIX MEXHONO02IL [ PO3GUNIKY CYUACHUX NPOPECTlIHUX KoMnemeHyitl ma 6ymu OLnbu 3ampedysaHumu
ceped pobomodasyis y npakmuunit papmayii. Akmyanizayis npogeciiinux komnemenyiti dacmo 3mo2y papmayesmam egpekmusHiuie peazy-
6amu Ha NOMPedU CRONHCUBAYTB, NOKPAWUMU BMIHHSA YIPAGTAMU 3aNacamu JIiKie ma MeOUdHUX npenapamie y cyuachux ymosax. Bpaxysanms
cneyu@iku 60EHHO20 CIMAHY 8 OCEIMHIX NPOSPAMAax NiOsULeHHs Keanigikayii papmayesmis donomodice papmayesmam adanmyeamu ce0io
NPakmuKy 00 YMO8 Ha036U4AUHOL cunyayii ma 3abesnedumu epexmueHy gapmayesmuymy oniky Osk HACeIeHHs.

Mema 0ocnidscennn — 0ocnioumu npoghecitini KomnemeHmHocmi paxieyie gapmayii 3 NOOATLUWUM AHATIZOM MOICTUBOCTE IX
PO36UMKY 8 cucmeMi Nicas0uUnIOMHOL 0ceimu (hapmayesmis.

Mamepianu ma memoou. Y pooomi UKOPUCIAHO 3a2aIbHOMEOPEMUYHI MEMOOU OOCTIONCEHHSL: IHHOPMAYITIHULL NOWYK, AHAT3 Jime-
DPamypHuX 0dcepert, Memoo Y3a2anbHeHH s, CeMAHMUYHULL, aHaTIMUYHULL, 2pagiunuil Memoou ma coyionoiuHuLl Memoo — aHKemHo20 Onumy-
eannsl. [[lis cmeopens onumyeanbHuKa i 300py pesynemamis ankemyeanHs suxopucmano 3acobu cepsicy Google Forms (Google Inc., USA).

Ilpu 0bpobyi ma ananisi Oanux AHKeMy8aHHs 3ACMOCOBYBANUCA MemOoOU ONUCOB0I CIMAMUCMUKY A CMAMUCTUYHO20 BUC-
Ho6KY. [Iist obuuciens u ananizy danux kopucmysanucs zacovamu cepsicy Epitools (Ausvet Ltd., Australia), cmamucmuunozo naxemy
STATISTICA 13 (TIBCO Software Inc., USA), wacmumny oonomisicnux obuuciens i binbuicms epagikis 30iticneno 3acobamu mabauy-
nozo npoyecopa MS Excel 2021 (Microsoft Corporation, USA).

Pezynomamu 0ocnioscenun. Ankemysanms cnpsamosane Ha 0ocniodicenus 14 npogeciiinux sxocmetl gaxisyie hapmayii' y mpoox
HAnpaAmMax: 6adcIuUsicme saKocmell (Xapakxmepucmux) O pO3PI3HEHHS BUCOKOEDEKMUBHO20 BUKOHAHHS pOOOMU 810 GUKOHAHHA HA
00CMAamHbOMY PIBHI; MONCIUBICTNG PO3BUMKY NEGHOI AKOCMI 3a 00NOMO2010 OCIMHIX NPO2PaM,; OOYiIbHICMb BHECEHHS NeGHOI XapaK-
mepucmuxy 00 KeanipikayitHux eumoe nio uac 0060py nepcoHanry Ha nocady gapmayesma.

Toxasano 8uUcoKy y32002iCeHiCnb MPbOX OMPUMAHUX PAHIICYBAHb Md BUOKPEMIEHO NPOPeCilini XapaKmepucmuKi, ki OYiHI8AIUCS
AK Hatlga2oMiwi 3a 6CiMa HANPAMAMU 00CTIOxHCeHHA. J]o HUX Hanexcamb: npogecilina 06i3HaAHiCb, 8i0N0BI0ANbHICMb | 30aMHICMb 00
6800CKOHAIEHHA K8anighikayii. Busigneno, wo MoNcIugicmes po3eumky 3a 00NOMO20I0 OCEIMHIX NPOSPAM NPOGeciiinux skocmeti ma 30i-
bHocmetl npayisHuKie apmayii pecnoHOeHmu CXUIbHI OYIHIOBAMU HUJICYE, HINC 8ANCTUBICING YUX AKOCMEU 018 8UCOKOEHEKMUBHO20
BUKOHAHHS Npoghecitinux 0008 A3Kié i OOYinbHICMb IX 6HeceHHA 00 8UMO2 Ha nocady gapmayesma.

Bucnosku. 3a pesynomamamu 00CiodiceH s 6CMAHOBIEHO, WO 3 NO2AAJY THHOPMAMUSHOCMI 011 OOYLILHOCME GHECEHHsL 00 K6a-
JiQiKkayiiHux eumoz Ha nocady apmayeéma HAUBANCIUGTUUMU € MAKI Npoghecitini aKocmi, AK 8I0N0BIOATLHICIb, 30AMHICMbL 00
600CKOHANEeHHS K8aNihiKkayil, npoeciiing 00i3HAHICMb, YEAXCHICIb MA AKYPAMHICMb, HAUMEHUL 8ANCTUBUMU BUSBUTUCH YILECAPIMO-
B8aHICMb, 6MIHHS NEPEKOHYBAMU, MONEPAHMHICIb.

3a pesynomamamu anxemyeanus 30amHuicmes 00 800CKOHANEHHs K8ANIikayii BUCYHYMO pecnoHOeHmamu Ha nepue micye cepeo
YCIX nPoGeciiHux Xapakmepucmux, AKi MOXCYymv 6ymu po38uUHeHi 3a 00NOMO2010 OCEIMHIX NPOSPAM Y CUCTEMI NICIAOUNTOMHOT 0c8imu
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Gapmayesmis. Yemanosneno neoOXionicme y MOHIMoOpuney ma OHOGIEHHI OCGIMHIX npoepam y cucmemi nioguujenns keanigixayii
Gapmayeemis ma inwiux 3ax00i6 6e3nepepsHo2o NPogeciinozo po3gumKy, 6a3yUUCy, HA 3aNUMAx NPAKMu4Hol papmayii.

Pezynomamu 00cniodcentss Moxicymo Oymu KOPUCHUMU OJisL PO3POOKU [ BNPOBAONCEHHSL 8 CucmeMy be3nepepero2o npopeciiino2o
HABYAHHSA (hapmayeemis HOBUX OCEIMHIX Npocpam i npoghecitino opicumoganux 3axodie BIIP ma euxopucmani 011 ynpagiints Kaopo-
8UMU pecypcamu PapmayesmudHux opeauizayil, cnpusioul 600CKOHALEHHIO 0000pY NepCoHay, po3pobyi ehekmugnux cmpamezii
PO36UMKY NPAYIGHUKIS, WO CRPUSMUME NIOSUWCHHIO PIGHS HAOAHHS (apmMayesmuiHux nocye i 3a00801eHOCHI KIIEHMIE.

Knrouosi cnoea: anmeunuii 3axnao, Oesnepepsruti npogeciiinuil po3eumox, HaguanHs 6NPOO0BIHC JCUMMS, OCGIMHI npocpamu, nio-
8ULLeHHs KeaniiKayii, niciA0unIomMHa oceima, npogeciini komnemenmuocni, papmayeem, gaxieyi papmayii, hard skills, soft skills.

Introduction. Actuality. Over the past decades,
there have been global reforms in healthcare professional
education aimed at implementing competency-based
education and training (CBET). This approach enhances
the workforce potential in the pharmaceutical sector
(Arakawa N. et al, 2020; Udoh A. et al, 2021; Bates I.
et al, 2023). Competency-based education emphasizes
students’ progress in line with contemporary societal
demands (Bajis D. et al, 2020; Chen A.M.H. et al,
2024). Continuous professional development, including
lifelong learning, is crucial for maintaining pharmacists’
professional competence and improving the quality
of pharmaceutical care provided to the population
(Ballaram, S. et al, 2024). This requires pharmacists to
possess a diverse range of skills and knowledge to remain
competitive and respond to labor market challenges.

Analyzing the literature, we found that the concept
of competency was introduced in the 1960s (Ross S. et
al, 2018; Arakawa N. et al, 2020). The importance and
usefulness of competencies in the pharmacy profession
are determined by the International Pharmaceutical
Federation (FIP), including the development of the
Global Competency Framework (GbCF) in 2012
(Pharmacy Education Taskforce. A global competency
framework: version 1, FIP, 2012) and the publication
of the Pharmaceutical Workforce Development Goals
(FIP, 2016).

Competency is defined as “a core characteristic of
an individual that is related to effective performance”.
Competencies encompass knowledge, skills, attitudes
and behaviors required for a pharmacy professional to
maintain effective performance (A global competency
framework: version 1, FIP, 2012). The Competency
Framework (CF) represents a comprehensive set
of required competencies and related behavioral
descriptions, identified as key to successful performance
in a specific field or practice (FIP Global Competency
Framework  (GbCFv2) handbook, FIP, 2023).
Understanding the skills and competencies necessary
for healthcare professionals is crucial to ensure that
educational experiences and programs are structured to
prepare future pharmacy professionals for contemporary
healthcare challenges. Additionally, identifying the
desired skills in specific healthcare disciplines will
facilitate efforts to optimize the roles and responsibilities
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of professionals within the healthcare system (Batt A.M.
etal, 2019; Mills J.A. et al, 2020).

One of the three key objectives of the WHO Global
Strategy is “to optimize the performance, quality, and
impact of the health workforce through evidence-
informed policies on human resources for health”.
In alignment with the United Nations Sustainable
Development Goals (SDGs) for 2030, pharmacists must
be adaptive, flexible and capable of advancing their
practice (Global strategy on human resources for health:
workforce 2030, World Health Organization, 2016).

Analysis of the literature indicates that significant
attention is given to the competency-based approach
in pharmaceutical education in Ukraine. Researchers
such as Kotvitska A. and Volkova A. note that the
implementation of national strategies to improve
population well-being is a key approach to reforming
public policy in various countries. They emphasize that
socio-economic factors determine living conditions and
people’s health (Kotvitska A. et al, 2021). The essence
and structure of the professional competence of future
pharmacy specialists have been studied by Kovalchuk 1.
(Kovalchuk I1.S. et al, 2021). Researchers such as
Tolochko V., Zarichkova M., Artyukh T., and Adonkina
V. have studied the professional activities of pharmacy
specialists in modern conditions and the development of
educational program components (Zarichkova M. V. et al,
2024). The scientific and applied foundations for the
implementation of innovative educational technologies
in the training of pharmacy specialists have been
examined by Goryacha L. (Goryacha L.O., 2021).
Additionally, researchers like Kozyreva O., Posilkina O.,
and Bratishko Y. have conducted studies dedicated to
the development of principles for managing the socially
responsible activities of pharmaceutical companies,
which is a crucial condition for improving the quality,
efficiency, and accessibility of pharmaceutical services
for the population (Kozyreva O. et al, 2021).

Updating professional competencies will enable
pharmacists to respond more effectively to consumer
needs and improve skills in managing drug and
medical supply inventories under current conditions.
Considering the specifics of martial law in continuing
education programs for pharmacists will help them
adapt their practice to emergency situations and provide
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effective pharmaceutical care to the population, making
our research particularly relevant in today’s context.

The purpose of the work. Research of professional
competencies of pharmacy specialists with further
analysis of the possibility of their development in the
system of postgraduate education of pharmacists.

Materials and methods. The research employed
general theoretical research methods including
information search, analysis of literary sources, method
of generalization, semantic analysis, analytical and
graphical methods, as well as the sociological method
of questionnaire survey (Mishra, P. et al, 2021). Google
Forms (Google Inc., USA) was used for creating the
questionnaire and collecting survey results.

Descriptive  statistical methods and statistical
inference were employed in the processing and analysis
of survey data. Epitools (Ausvet Ltd., Australia) and the
statistical package STATISTICA 13 (TIBCO Software
Inc., USA) were used for calculations and data analysis.
Additionally, auxiliary calculations and most of the
graphs were created using MS Excel 2021 spreadsheet
software (Microsoft Corporation, USA).

Research results and discussion. The questionnaire
was aimed at researching 14 professional qualities of
pharmacy specialists in three directions: the importance
of qualities (characteristics) for distinguishing highly
efficient performance from performance at a sufficient
level; the possibility of developing a certain quality
with the help of educational programs; the expediency
of including a certain characteristic in the qualification
requirements when recruiting personnel for the position
of pharmacist.

The research design consisted of 5 stages:

1. Selection and coverage of respondents for the
study.

2. Ranking the professional qualities of a pharmacist
by importance for distinguishing highly efficient work
performance from performance at a sufficient level.

3. Ranking of the professional qualities of a
pharmacist according to the possibility of development
within the framework of educational programs.

4. Ranking of professional characteristics according
to the expediency of inclusion in the qualification
requirements for the position of a pharmacist.

5. Comparison of rankings of professional qualities,
characteristics and abilities of pharmacists in three areas
of research.

To carry out the first stage of the research, we
selected certain characteristics: carefulness and
accuracy, communication skills, tolerance, physical
and mental endurance, responsibility, organizedness,
purposefulness, customer focus, the ability to persuade,
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the ability to work in a team, industriousness, analytical
thinking, professional awareness, as well as ability for
professional improvement.

For each of the three directions, all investigated
characteristics of the professional competence of a
pharmacy specialist were evaluated by respondents on a
scale from 1 to 5 points, where 5 points corresponded to
the highest importance of a certain professional quality,
1 point to the lowest.

A total of 172 respondents, employees of
pharmaceutical institutions from 17 regions, mainly
from the eastern, northern, and central regions
of Ukraine, participated in the study (¥2=18.698,
p=0.0009010381<0.05). The majority of institutions
where the respondents worked were located in large
cities (32=240.151, p<0.000001) (fig. 1).

8,14% 291%
N (]

= Large city
= Small town

Village

88,95%

Fig. 1. Distribution of respondents based
on the location of the organization where they work

Most of the respondents worked in pharmacies that
were separate or part of chains (95.35% vs 4.65%: Z=16.8,
p<0.000001). The vast majority of pharmaceutical
institutions belonged to private ownership (¥2=259.895,
p<0.000001) (fig. 2).

4,65% 4.07%
,65%

= Private ownership
= State ownership

Communal
ownership

91,28%

Fig. 2. Distribution of the number of respondents
depending on the form of ownership
of the organization where they work
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Respondents aged 30 to 40 predominated in terms
of age distribution (¥2=137.884, p=6.861x10-7);
other age categories were evenly represented among
the respondents (¥2=4.606, p=0.09995549). The
study covered a wide range of positions in the field
of pharmacy, from directors and heads to pharmacists
and their assistants (table 1), maintaining an equal ratio
between managerial staff and specialists (52.91% vs
47.09%: Z=1.1, p=0.2809).

Table 1
Distribution of respondents working
in pharmaceutical institutions by positions held

Position Respondent count
Abs. % (95%-11)
Pharmacy manager 76 44.19 (36.97; 51.65)
Assistant pharmacy 5 2,91 (1.25: 6.62)
manager
Pharmacy outpost |, 1.16 (0.32; 4.14)
manager
Warehouse manager 3 1.74 (0.59; 5.00)
Assistant warehouse > 116 (0.32: 4.14)
manager
Director 3 1.74 (0.59; 5.00)
biEmEREEl SEEAM | 52.91 (45.45; 60.37)
general
Pharmacist 65 37.79 (30.89; 45.23)
Pharmacy assistant 16 9.30 (5.81; 14.58)
Specialists in general 81 47.09 (39.63; 54.55)

Thus, the research sample covered an equal
proportion of specialists and managers of predominantly
privately owned pharmacies located in cities across
various regions of Ukraine.

At the second stage of the research, we ranked
the professional qualities of the pharmacist in order
of importance for distinguishing highly efficient
performance from performance at a sufficient level.
The importance of the studied fourteen professional
characteristics, qualities and abilities for the highly
effective performance of duties by pharmacy employees
was assessed based on the results of the respondents’
answers to the question “Estimate in points (from 1
to 5) to what extent the specified characteristics will
allow you to distinguish highly effective performance
of a pharmacist’s work from performance at a sufficient
level?”. Generalizing these responses allowed us to
establish the presence of a statistically significant
difference between theratings of the fourteen professional
qualities (Friedman %2=366.2087, p<0.000001) and to
identify, based on pairwise comparisons of the obtained
scores, three groups of qualities by their degree of
importance (table 2).

2. The table presents the results of comparing the
rating of a certain characteristic with the rating of the
characteristic that has the next higher average rank.

Thus, according to the interviewees, the most
important characteristics that distinguish highly effective

Table 2

Point assessments of the importance of the professional qualities of a pharmacy specialist to distinguish
highly effective performance of duties from performance of duties at a sufficient level

Statistical significance of
Rating differences between the scores of
Characteristic characteristics® Importance le\.fel_of the
characteristic
Scores Average rank V4 p P,
(Me [LQ;UQ))
Responsibility 5.0 [5.0;5.0] 9.37 — — —
Professional awareness 5.0 [5.0;5.0] 9.02 1.344 0.17911 0.20631 1
Ability to improve 5.0 [5.0;5.0] 9.00 0.536 | 0.59218 | 0.63398
qualifications
Industriousness 5.0 [4.0;5.0] 8.59 2.120 0.03404 0.04693
Carefulness and accuracy 5.0 [4.0;5.0] 8.21 1.261 0.20724 0.22999
Organizedness 5.0 [4.0;5.0] 8.01 0.516 0.60563 0.64084
Physical and mental endurance 5.0 [4.0;5.0] 7.32 1.734 0.08286 0.09921
Communication skills 5.0 [4.0;5.0] 7.31 0.564 0.57249 0.62020 5
Purposefulness 5.0 [4.0;5.0] 7.24 0.047 0.96263 0.96263
Ability to work in a team 5.0 [3.0;5.0] 6.86 1.597 0.11020 0.12856
Customer focus 4.0 [4.0;5.0] 6.66 0.283 0.77747 0.79494
Analytical thinking 4.0 [4.0;5.0] 6.38 0.510 0.60987 0.63791
Tolerance 4.0 [3.0;5.0] 5.90 1.937 0.05278 0.06861
Ability to persuade 4.0[3.0;5.0] 5.14 3.237 0.00121 0.00207 3

*Notes: 1. Paired Wilcoxon signed-rank test was used (Z — test statistic, p — “raw” level of statistical significance, padj — level of
statistical significance adjusted with Benjamini-Hochberg correction for multiple comparisons).
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performance of professional duties by a pharmacist
from performance at a sufficient level are responsibility,
professional awareness and the ability to improve
qualifications and continuous professional development.
According to the results of the questionnaire, these
qualities were evaluated at the same highest points,
which are statistically significantly higher than the point
estimates of the rest of the pharmacist’s professional
qualities.

According to the results of the survey, ten professional
characteristics had an average degree of importance for
distinguishing the highly effective performance of a
pharmacist’s duties from the performance of duties at a
sufficient level (Table 2). These include industriousness,
carefulness and accuracy, organizedness, physical and
mental endurance, communication skills, purposefulness,
ability to work in a team, customer focus, analytical
thinking and tolerance. In this group of characteristics, no
statistically significant differences were found between
the scores of each pair of two characteristics with close
average ranks, so they were assigned the same degree of
importance.

Thus, the analysis of the survey results allowed
us to establish that in terms of informativeness for
distinguishing high-performance work of a pharmacist

from performing duties at a sufficient level, the most
important professional qualities are responsibility,
professional awareness, and the ability to improve
qualifications, while the least important is ability to
persuade.

At the third stage, we ranked the professional
qualities of the pharmacist according to the possibility
of development within the framework of educational
programs, which were evaluated by the respondents from
the point of view of the possibility of their development
with the help of educational programs (fig. 3).

Based on the results of the analysis, it was found
that the most promising from the point of view of the
possibility of development with the help of educational
programs is the ability to improve qualifications and
professional development. The second most promising
characteristic in this sense is professional awareness and
the rest of the qualities and abilities received significantly
lower scores and were assigned to the third group.

On the fourth stage, we conducted ranking of
professional characteristics based on their suitability
for inclusion in the qualification requirements for the
position of pharmacist. Respondents were asked to rate,
on a scale of 1 to 5, the appropriateness of including
specified characteristics, qualities, and abilities in the

m Median [] 25%-75% T Non-Outlier Range - Outliers % Extremes

5_
1""\4_
@
)
B
u 3t
=
(=]
A
2— ol
]— o
E £ E 5 ¢ 3
2 g B2 g8 8 @
€ © S5 o &
oA~ T S T~ T
EF.—-NQG.J
% B § d @ =&
= = a 8 § B
:r:u;_.rgrn
S g M O 8 £
o g9 = U
]
e &
(=T
= O
g8 -
A
Q
8
ol
£
=
=
=
=

Purposefulness -
Tolerance

Analvytical thinkmng |
Ability to persuade [

Communication skills t

Physical and mental endurance -
Ability to work mn a team |
Carefulness and accuracy -

Fig. 3. Ranking of the professional characteristics, qualities and abilities
of a pharmacy worker according to the degree of opportunity for development
with the help of training programs (survey results)
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requirements for applicants during the recruitment
process for the position of pharmacist. Significant
differences were found between the ratings of the
investigated characteristics (Friedman ¥2=145.6675,
p<0.000001). However, further analysis revealed
that these differences did not manifest for pairs of
characteristics with similar average ranks, preventing us
from distinguishing clear groups of professional qualities
of the pharmacist with characteristics of equal suitability
within each group that significantly differed from each
other. Therefore, the investigated characteristics were
ranked in descending order of the average rank of their
suitability for inclusion in the job requirements (fig. 4).

Qualities such as responsibility, ability to improve
qualifications, professional awareness, carefulness
and accuracy were rated equally high compared to
the rest of the professional qualities of pharmacists.
Organizedness, ability to work in a team, customer
focus, industriousness, communication skills, physical
and mental endurance, and analytical thinking had
a moderate level of importance for inclusion in the
qualification requirements for applicants for the position
of pharmacist. The analysis of the research results
allowed us to establish that in terms of informativeness

for the suitability of inclusion in the qualification
requirements for the position of pharmacist, the most
important professional qualities are responsibility,
ability to improve qualifications, professional awareness,
carefulness and accuracy, while the least important are
purposefulness, ability to persuade and tolerance.

At the fifth stage of our research, we compared the
rankings of the pharmacist’s professional qualities,
characteristics and abilities according to three areas of
research on the professional qualities of a pharmacy
worker (on the importance for distinguishing highly
effective performance of duties from mediocre, on the
possibility of development with the help of educational
programs and on the expediency of including to
the qualification requirements for the position of
pharmacist). After mathematical processing of the data
of stages 1-4, we found similarities between them,
namely such characteristics as: professional awareness,
responsibility and the ability to improve qualifications.

On the basis of the conducted research, it can be
stated that professional skills, which are understood
as the generalized hard skills of a pharmaceutical
industry worker, are important in all three directions.
Therefore, professional competence should be key in
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Fig. 4. Ranking of the professional characteristics, qualities and abilities
of a pharmacy worker according to the degree of expediency of inclusion
in the qualification requirements put forward to applicants for the position
of a pharmacist (survey results)
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Fig. 5. Average ranks of professional characteristics, qualities, and abilities across
three research directions*

*Notes:

Direction 1 —the importance of the characteristic for distinguishing highly effective performance of pro-

fessional duties from performance at a sufficient level.

Direction 2 — possibility of developing the professional characteristic through educational programs.
Direction 3 — appropriateness of including the characteristic in the requirements for applicants during the

selection process for the pharmacist position.

the requirements for the corresponding position, and
educational programs, first of all, should be aimed at
the development of professional competences, which
determines the effectiveness of the performance of
professional duties.

It should be noted that the most rated qualities, such
soft skills as responsibility and the ability to improve
qualifications are also important. Responsibility is
identified as one of the most necessary qualities in
job requirements and as one of the most important for
distinguishing highly effective performance of duties from
performance at a sufficient level, however, the possibility
of developing this skill with the help of training programs
was rated somewhat lower by respondents.

There are also some discrepancies in the ranks of the
“carefulness and accuracy” and “ability to persuade”
characteristics (Figure 5). Thus, the possibility of
developing carefulness and accuracy through educational
programs was considered by the respondents to be
relatively lower than the expediency of including this
characteristic in the list of professional requirements
for the position of a pharmacist and its importance
for distinguishing highly effective performance of
professional duties from performance at a sufficient
level. At the same time, the importance of the ability
to persuade to distinguish highly effective performance
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of professional duties from performance at a sufficient
level was rated relatively lower than the expediency of
including this skill in the requirements for applicants
when recruiting staff for the position of pharmacist,
and the possibility of its development with the help of
educational programs.

Taking the above into account, it can be concluded
that the rankings of professional characteristics obtained
through the three research directions appear to be
consistent, as confirmed by the high value of the Kendall’s
concordance coefficient (W=0.82418, p=0.0029).

Conclusions

Based on the results of the questionnaire analysis,
the ranking of the professional characteristics,
qualities and abilities of the pharmacy worker was
carried out in three areas: the importance of qualities
(characteristics) for distinguishing highly efficient
performance from performance at a sufficient level;
the possibility of developing a certain quality with
the help of educational programs; the expediency of
including a certain characteristic in the qualification
requirements when recruiting personnel for the
position of pharmacist.

Thehigh consistency of the three obtained rankings
is shown and the professional characteristics that
were evaluated as the most important in all areas of
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research are highlighted. These include: professional
awareness, responsibility and the ability to improve
qualifications. This allows us to conclude that
these three qualities, according to the interviewed
pharmacy specialists, are the most necessary in
the qualification requirements for the position of
a pharmacist and the most important for ensuring
the highly efficient performance of their professional
duties, and can also be developed in the best way
with the help of educational programs. According
to the research results, it was found that in terms of
informativeness for the appropriateness of inclusion
in the qualification requirements for the position of a
pharmacist, the most important professional qualities
are responsibility, ability to improve qualifications,
professional awareness, carefulness and accuracy,
while the least important are purposefulness,
ability to persuade and tolerance. Responsibility is
defined as one of the most necessary qualities in job
requirements and as one of the most important for
distinguishing highly effective performance of duties
from performance at a sufficient level, however, the
possibility of developing this skill with the help of
educational programs was rated somewhat lower by
respondents. This can be explained by the perspective

of pharmacy practitioners who see the necessity
of practical work experience in the field alongside
professional development through continuous
professional development (CPD) activities.

According to the results of the questionnaire, the
ability to improve qualifications was put forward
by the respondents in the first place among all
professional characteristics that can be developed
with the help of educational programs in the system of
postgraduate education of pharmacists. The necessity
for monitoring and updating educational programs
within the system of pharmacist qualification
improvement and other continuous professional
development (CPD) activities has been established,
based on the demands of practical pharmacy.

The results of the study can be useful for
developing and implementing new educational
programs and professionally-oriented CPD activities
in the system of continuous professional training for
pharmacists. They can also be used for managing
human resources in pharmaceutical organizations,
enhancing personnel selection, developing effective
employee development strategies and ultimately
improving the level of pharmaceutical services and
customer satisfaction.
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DECORATIVE QUALITIES OF SUBTROPICAL FRUIT PLANTS IN LANDSCAPEING
OF POPULATED SETTLEMENTS OF THE FOREST-STEPPE OF UKRAINE

Actuality. The positive results of the introduction of certain subtropical species in the forest-steppe zone of Ukraine are becoming
very relevant in terms of their distribution in populated settlements as fruit-bearing polycarpic plants. At the same time, subtropical
plants amaze with the unusual shape of leaves, flowers, fruits, etc. Such their unusualness should be properly appreciated as a source
of positive emotions, and the plants themselves should be used in decorative gardening.

The purpose of the work is evaluation of the decorative qualities of subtropical fruit plants of the collection of the Khorolskyi
Botanical Garden, suitable for landscaping the settlements of the forest-steppe of Ukraine.

Research materials and methods. The research material was subtropical species of polycarpic fruit plants such as A. triloba, M.
germanica, P. dulcis, F. carica, P. granatum, D. virginiana introduced in the Khorolskyi Botanical Garden. The subject of research is
decorative qualities of plants. The point integral scale of the comprehensive assessment of woody decorative exotic plants based on the
main morphological features has been used.

Research results and their discussion. On the basis of the biomorphological characteristics of the studied subtropical species, the
corresponding indicators of the general decorativeness of plants, decorativeness of the bark, leaves, and generative organs have been
calculated on a 5-point scale, and the total score of decorativeness has been calculated from the sum of the indicators. The group of
decorativeness has been determined by the total number of points.

Priority is given to the biomorphological characteristics of plants, winter resistance, fruiting, biochemical composition of raw
materials, and their processing in scientific publications. At the same time, there are no studies on the decorativeness of the species.

Conclusions. D. virginiana has the highest rate of decorativeness, M. germanica, A. triloba, F. carica, P. dulcis, P. granatum have
a slightly lower rate of decorativeness. The conducted research allows us to popularize and use these species not only as fruit and
medicinal plants, but also as decorative ones, that is, they can perform another, quite important function — to evoke positive emotions.

Key words: subtropical fruit plants, the Forest-Steppe of Ukraine, decorative qualities.
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JAEKOPATUBHI AKOCTI CYBTPOIIIYHHUX IIJIOAOBUX POCJINH
B O3EJEHEHHI HACEJJEHUX MYHKTIB JIICOCTENY YKPATHU

Axmyanvuicme. [lozumueni pesytomamu iHmpooyKyii okpemux cyomponiunux eudig y nicocmenosii 301l Ykpainu Hadyeéaroms
HeabusaKoi akmyanbHOCmi w000 NOWUPEHHS 8 HACEIeHUX NYHKMAX AK N10008UX nonikapniunux pociun. Boonouac cybmponiuni poc-
JIUHU BUKTUKAIONb NOOUB HE3BUUATIHOIO (YOPMOIO TUCHIKIE, KEIMOK, n100ie mowo. Taxa ix ne3guuatinicme mac 6ymu HANeicHo oyineHd
5K 0Jicepeno nO3UMUGHUX eMOYill, a CAMI POCTUHU — BUKOPUCIOBYBAMUCH Y OeKOPAMUBHOMY CAOIBHUYMEI.

Mema pobomu — oyinumu dexopamugHi AKOCmi cyomponiyHux nio008ux pociun Koiekyii Xoponbcoko2o bomaniunozo cady, npu-
oammnux 015 03elenents HaceleHux NyHKmie ticocmeny Yxpainu.

Mamepianu ma memoou docniocenns. Mamepianom 015 00caiOdiceHb OYIU IHMPOOYKOBAHT 6 XOPOIbCbKOMY ODOMAHIYHOMY CaAdy
cyomponiuni 6uou noaikapniyHux niodosux pocaun. A. triloba, M. germanica, P. dulcis, F. carica, P. granatum, D. virginiana. IIpeo-
Memom 00CHiOdiceHHs € 0eKOpamueHi AKoCmi pociut. Bukopucmano 6anbiy inmeepanbiy wKamy KOMNnIeKcHoi OyiHKu 0epeeHUx 0eKo-
PAMUGHUX eK30MUYHUX POCTUH 30 OCHOBHUMU MOPQONOIYHUMU O3HAKAMU.

Pesynomamu 0ocnidscenns ma ix 062060pennsn. Ha ocrosi 6iomopghonoeciunoi xapaxmepucmuku 00CaioxHcy8anux cyomponiuHux
8U0i8 00paxo8ano 3a 5-6a1bHOI0 OYIHKOIO 8IONOBIOHT NOKAZHUKU 3A2ANbHOT 0eKOPAMUEHOCIT POCIUH, 0eKOPAMUEHOCT KOPU, TUCINKIG,
2CHEPAMUBHUX OPeanie, 8UPAXYBAHO 3a CYMOIO NOKA3ZHUKIE 3aeanvHuti 6an oexopamusnocmi. Ipyny oekopamusnocmi usHauaiu 3a
3a2ANbHOI KITLKICHIO 0ai8.

V nayrosux nyénixayisx eiooacmocs nepesaca 6iomoponoziunii xapakmepucmuyi pocaun, 3UMOCMIUKOCMI, NI00OHOUeHHIO, 6i0-
XIMIYHOMY CKAAOY cuposuHu, it nepepobyi. Boonouac 6iocymui 00CiodiceH s U000 0eKOPpaAmueHOCi 6UOis.

Bucnoeku. Hatisuwuii noxasuux 0dexopamusnocmi mae D. virginiana, oewjo menwuii — M. germanica, A . triloba, F. carica, P. dulcis,
P. granatum. Ilposedene oocniodcenis oae 3mo2y NONYIAPU3Y6amu ma 6UKOPUCMOGYBamuU Yi 6uUOU He Juue AK Ni10006i ma JiKapcbKi
POCTUHU, A [ K OeKOPAMUBHI, MOOMO BOHU MOJNCYIMb GUKOHY8AMU Ul THULY, OOCUNb 8ANCIUBY (DYHKYIIO — GUKTUKAMU NO3UMUGHI eMOYIL.

Knrowuoei cnosa: cyomponiuni niooogi pocaunu, aicocmen Yxkpainu, 0ekopamueHi AKoCmi.

Introduction. Actuality. In Ukraine, as in other impacton the thermal regime, wind speed, humidity and air
countries, the functional zoning of settlements has been composition, regulation of rain flows. In addition, woody
closely related to tree plantations for many centuries. And  plants protect people from the heat and improve physical
this is justified by time because tree plantations have a direct  and mental health, and are a habitat for birds and insects.
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In gardens and parks, alleys and other plantings,
woody and shrubby plants perform the function of
three-dimensional compositions. Their decorativeness is
manifested in the external features of plants, namely, the
shape and size of the crown, the color of leaves, flowers,
fruits, etc.

The decorative qualities of various groups of plants
have long attracted people, and taking into account that
such features are characteristic of many tree and fruit
species, they are also used in landscaping. Among them,
the most common genera are the following: Prunus L.,
Cerasus Juss., Malus Mill., Pyrus L., Crataegus L.,
Amygdalus L., Juglans L., Sorbus L., Viburnum L.

Due to the modern anthropogenic impact on the
environment, the problem of optimizing the existing
green areas of settlements and creating new ones becomes
especially relevant. The most effective means in this case
is introduction of introduced woody ornamental plants
with valuable economic and biological characteristics
into landscaping because among them there is a great
variety of shapes, colors and textures that creates
unlimited opportunities for improving architectural and
artistic appearance of the landscape.

Due to climate changes, it is worth paying more
attention to the introduction of introduced species into
the landscaping of the forest-steppe zone of Ukraine
as fruit crops, subtropical woody fruit plants. They are
durable, drought-resistant, heat-resistant, resistant to
pests and diseases and have decorative qualities peculiar
only to them that have not been described so far.

The purpose of the work — evaluation of the
decorative qualities of subtropical fruit plants of the
collection of the Khorolskyi Botanical Garden, suitable
for landscaping settlements of the forest-steppe of
Ukraine.

Research materials and methods. The study was
carried out in the framework of the search for complex
economic use of subtropical fruit plants introduced in
the forest-steppe zone of Ukraine (4simina triloba (L.)
Dunal, Mespilus germanica L., Prunus dulcis (Mill.)
D.A.Webb, Ficus carica L., Punica granatum L.,
Diospyros virginiana L.), which are cultivated in the
Khorolskyi Botanical Garden (hereinafter KhBG) and
form the basis of the collection area of the “Garden of
Subtropical Fruit Crops” of the scientific zone of the
institution.

An integral scale for the comprehensive assessment
of species of decorative exotic woody plants based on
the main morphological features (on a 5-point scale)
that is also optimized for deciduous trees and shrubs
is used in the research. The evaluation of decorative
features is proposed to be carried out according to four
main blocks. The first block is an assessment of general
decorativeness of plants that includes the period of
decorativeness, decorative features of the crown (shape,
density, texture), duration of flowering and foliage. The
second block is an assessment of decorativeness of the
bark, its texture and color. The third one is an assessment
of decorativeness of leaves in terms of shape, size,
color and seasonality of its changes. The fourth one is
an assessment of decorativeness of generative organs
of the plant that is based on size, color, abundance of
flowers, inflorescences, as well as shape, size, color,
and abundance of fruits. Indicators of plant winter
resistance, frost resistance, drought resistance, and heat
resistance are deliberately not included in the scale
because this is an internal eco-typical ability of plants
to resist a complex of adverse environmental influences
(Vlasenko, 2016, pp. 27-35).

Degrees of assessment of the decorativeness of trees
and shrubs are calculated according to table 1.

The study of changes in the phases of plant
development, including photofixation of leaves,
flowers and fruits, was carried out in the KhBG during
2018-2023.

Research results and their discussion. Being
valuable in terms of food and medicine, subtropical
polycarpic fruit plants, introduced in the forest-steppe
zone of Ukraine, play a leading role in healthy human
nutrition and phytotherapy (Krasovskyi et al., 2022;
Krasovskyi et al., 2023). An important factor in the
expediency of the spread of new species is also their
decorative and aesthetic characteristics, which affect the
emotional perception of people unusual for the forest-
steppe plants.

Based on our own visual observations of the
development of subtropical species such as 4. #riloba,
M. germanica, P. dulcis, F. carica, P. granatum,
D. virginiana in the KhBG, we present their
biomorphological characteristics.

A. triloba is a deciduous tree, 3—4 m tall in vitro, up
to 10 m in natural conditions. The shape of the crown is

Table 1
Degrees of assessment of decorativeness of trees and shrubs
1340 41-50 51-64 65-90
Degree of : ; .
decorativeness, points decorativeness is low | decorativeness is middle | decorativeness is high ceora lvsiréiss 15 very
Decorative group v 11 1T 1
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pyramidal, it is broadly pyramidal at maturity. Perennial
branches are thin, fragile, branching is sympodial. The
most common form of the leaf blades is obovate, less
often oblong. The leaves are simple without stipules,
entire, leaf veins are pinnate, the petiole is short — up to
1 cm. The length of leaf blades is up to 35 cm, the width
is up to 10 cm. The color of leaves is dark green. Flowers
develop from generative buds that are laid in the axils
of the leaves. The peduncle is 1-3 cm long, covered
with brown hairs, three lobes of the calyx are ovate,
sharp, pale green outside, pubescent. Six dark burgundy,
broad-ovate, bluntly pointed petals with mesh veins are
arranged in two circles with bent petals. Flowers have
several carpels each, which explains the property of one
flower to form several fruits. The fruit is light green,
cylindrical (fig. 1).

Fig. 1. A. triloba

1 — leaves, 2 — flower, 3 — fruits

M. germanica is a tree or bush up to 5 m tall, has a
thick crown, branches have thorns, but they are absent
in some cultivated forms and varieties. The leaves are
alternate, elliptical or lanceolate, up to 12 cm long, up
to 5 cm wide. The flowers are regular, bisexual, five-
petalled, white, large, 3—5 cm in diameter, numerous,
placed 1-2 pieces on the tops of shortened shoots.
Bracts are pale green, large, falling. Sepals are longer
than petals, lanceolate. The fruit is a spherical apple,
brownish in color, up to 4 cm in diameter, with a wide-
open sepal depression surrounded by long sepals. The
fruits remain on the branches until February-March of
the following year (fig. 2).

10

Fig. 2. M. germanica

1 —leaves, 2 — flowering, 3 — fruit

P. dulcis is a deciduous tree up to 6 m tall or a branchy
bush up to 3 m tall. The bark of the branches of young
trees is smooth, gray in color, covered with lenticels.
Annual shoots have smooth, gray-green bark, often with
an anthocyanin tint on the light side. The leaves are
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oblong-lanceolate, whole with falling stipules, the edges
of the leaves are serrated. The leaves are light to dark
green in color. Flowers have five pubescent sepals and
a bell-shaped calyx. Five petals are mostly white, rarely
pink. The fruit is a drupe with a dry carpel that splits into
two leaflets after maturity. The kernel is smooth, mesh-
grooved, or perforated, separated from the pericarp, with
a thick hard or fragile cover (shell) (fig. 3).

Fig. 3. P. dulcis

1 — leaves, 2 — flowering, 3 — fruits

F. carica is dioecious subtropical deciduous fruit
plant, grows as a tree with a spreading crown up to
12 m in height, but under unfavorable conditions it
can take the form of a multi-stemmed tree or bush. In
the conditions of KhBG, it is cultivated as a covering
bush for the winter up to 1.5 m high. The bark of the
branches is light gray, smooth. The leaves are alternate,
long-stalked, leaf blades up to 25 cm long and up to
30 cm wide, three- and five-lobed. Fruits of F. carica are
achenes, which are in the cotyledon. The shape of the
fruit is mostly pear-shaped (fig. 4).

Fig. 4. F. carica
1 — leaves, 2-3 — fiuits

P. granatum is a branched tree or bush 3—5 m tall. The
branches are angular with thorns. In the conditions of
KhBG, it is cultivated as a covering bush for the winter
up to 1.3 m high. One-year shortened shoots end with a
sharp spike. At the beginning of their development, the
branches are green, with time they turn gray. The bark
of the branches cracks as it ages and acquires a darker
color. The leaves are simple, opposite or collected in
bunches, oblong-lanceolate, bare on top, dark green,
shiny, light green on the bottom. The bright red flowers
are up to 4 cm large, single or in bunches at the ends of
the shoots, bisexual, with columns of different lengths:
flowers with short columns function as male, flowers
with long columns function as female, fruit-bearing. The
calyx is thick, 5—6-lobed, dark red, leathery, and remains
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on the top of the fruit (fig. 5). The fruit is a pomegranate
with a dark red leathery fruit, a long, drooping peduncle
and a calyx that does not fall off. It bears fruit in 2022
in KhBG, at the moment the fruits have not yet acquired
full size and ripeness.

m

=g = e 1

Fig. 5. P granatum
1 —leaves, 2 — budding, 3 — flower

D. virginiana is a tree up to 20 m tall, in vitro up
to 4 m. The plant is dioecious. The shape of the crown
is from rounded to sprawling, the trunk is thick, the
branches are sometimes drooping. Young shoots have
smooth light gray, sometimes pubescent bark. Perennial
branches are gray with cracking bark. The leaves are
simple, petiolate, solid, lanceolate, elongated, oval. The
leaf blade is dark green on top, shiny, light green on the
bottom, slightly pubescent. The color of the flowers is
from yellow-green to white. Male and female flowers
of the plant are located on the shoots of the current
year’s growth. Female flowers are large, single, male
flowers are small, contained in three- to five-flowered
inflorescences. The corolla of stamen flowers has grown
more than half, bell-shaped, the corolla of pistillate
flowers has grown to half its length. The free ends of the
petals of pistillate flowers are bent, straight, thick, waxy,
barely pubescent, there are four of them. The fruit is a
conical or spherical berry up to 5 cm in diameter (fig. 6).

Fig. 6. D. virginiana
1 - leaves, 2 — flowers 3, 3 — flower 9, 4 — fruits

Based on the biomorphological characteristics of the
studied subtropical species, the corresponding indicators
of the overall decorativeness of plants, decorativeness
of the bark, leaves, and generative organs have
been calculated on a 5-point scale, the total score of
decorativeness has been calculated from the sum of the
indicators, and the decorativeness group of plants has
been calculated based on the degree of decorativeness of
trees and shrubs (table 2).

Currently, landscape compositions are created in
Poltava (Bairak et al., 2007; Derevianko et al., 2017) as
in other settlements of the forest-steppe zone of Ukraine,
and they represent dendroflora of different geographical

Table 2
Evaluation of decorativeness of subtropical species

General decorativeness Dz?::l?:::;f S| Decorativeness Decorativeness of generative
of the plant, (points) . ’ leaves, (points) organs, (points) a
points) =
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A. triloba 3(5(3(3] 5 113 3 5151513 3 SO0 5]5]13]01]65]1
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zones, excluding introduced subtropical fruit species
such as A. triloba, M. germanica, P. dulcis, F. carica,
P. granatum, D. virginiana. This is most likely due to their
comprehensive research on winter hardiness and fruiting
(Klymenko et al., 2012), changes in the life form of plants
(F carica, P. granatum) and cultivation under conditions
of introduction as cover crops (Krasovskyi et al., 2022;
Krasovskyi, 2014). Considering the fact that the fruits
of A. triloba have a short shelf life, the potential of their
preservation by freezing has been studied (Adainoo et al.,
2022). The biochemical composition of M. germanica
fruits (Voaides et al., 2021), the change in their quality
indicators after heat treatment (Mikulic-Petkovsek et al.,
2023), and nutritional composition of fruits (Nistor et al.,
2024) have been studied. The chemical composition of
the core of P. dulcis (Massantini et al., 2022) and health-
enhancing compounds (Barreca et al., 2020) have been
studied, beneficial properties of the shell (Garcia-Perez et
al., 2021), and economic evaluation and innovativeness of
almond orchards (Sottile et al., 2020) have been studied.
The leaves of F. carica have been studied as a source
of bioactive compounds (Shiraishi et al., 2023), bud
differentiation and flower morphology of various varieties
of P. granatum (Ferrara et al., 2023) have been studied.

Research on the decorative qualities of subtropical
fruit plants was not conducted primarily due to their low
distribution in the Forest-Steppe of Ukraine, insufficient
popularization as fruit, medicinal and decorative plants.
At the same time, they deserve complex use because they
are drought-resistant, in the conditions of introduction
they are not affected by pests and diseases, and they do
not belong to invasive species. Fruits, flowers, and leaves
are significantly different from woody fruit plants that
are traditionally used in the landscaping of settlements
in the Forest-Steppe of Ukraine.

Conclusions. Based on information about the
morphological structure of subtropical species such as
A. triloba, M. germanica, P. dulcis, E carica, P. granatum,
D. virginiana, growing in the conditions of the Khorolskyi
Botanical Garden, the decorative qualities of the plants
have been determined. D. virginiana has the highest rate
of decorativeness, the following in descending order of
decorativeness are: M. germanica, A. triloba, F. carica,
P. dulcis, P. granatum. The conducted research allows us
to popularize and use these species not only as fruit and
medicinal plants, but also as decorative ones, that is, they
can perform another, quite important function - to evoke

positive emotions, affecting psychological state of people.
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PO3POBKA XAPUOBHUX IMMPOJAYKTIB JAJsI CHEIIAJIBHUX MEJAYHUX IILJTEN
HA OCHOBI ICTIBHUX TA JIIKAPCHbKHUX I'PUBIB

Axmyansuicms. Icmieni ma nikapcvki makpomiyemu € diceperom GiON02IUHO AKMUGHUX PEHOSUH, SAKI MICIMAMBCS 6 NI000BUX
minax, miyenii ma Kynomypanshit piouni. OKpemi 6uou MaKkpomiyemie 6UKOPUCMO8YIomb K OLEMUYHi nNPOOYKMuU XapuyeaHHsl, Xapuosi
000asKu, NiKapcobKi npenapamu Ho8020 KACy — «2pubHi aikapceki npenapamuy, npooykmu kocmeyesmuru. Cmeopents cy4yacHux
MIKOMEXHON02IM BUMARAE 2NUOOKO20 BUSYEHHS (haAKMOPI6, AKI pe2ylioromy QYHKYIL epubHO20 Op2aHi3my, Wo 0dchb 3MO2Y 3 MAKCU-
MAIbHOIO eheKMUGHICMIO BUKOPUCIIOBYEAMU IX NPUPOOHUL ROMEHYIA.

Mema Oocnioxncennn — po3pobumu memoouxy niosuwenns 6ionociunoi yinnocmi nikapcekux epubie Ganoderma lucidum,
Hericium erinaceus, Inonotus obliquus, Lentinula edodes 3 suxopucmannam HU3bKOIHMEHCUBHO20 JIA3EPHO20 ONPOMIHEHHS In Vitro;
PO3poduUmu peyenmypy Xapuoeux npooyKmis Oisi CReyialbHUX MeOUYHUX Yiiell HA OCHOGL 2PUOHOI CUPOBUHU 3 NIOGULYEHUM YMICIOM
010710214HO AKMUBHUX CHOJIYK.

Mamepianu ma memoou. 11i0 uac 0ocnioxHcenHsa 6UKOPUCTOBYBANU MPAOUYIUHT MIKOIO2TYHI MemOoOou (KYIbMU8y8anHa MaKpomiye-
mie in vitro ma 00CniodHceHHs: ix Oi0CUHMEeMUYHUX 61ACMUBOCTel) Ma YHIKAIbHI homobionoziuni memoou (000ip enepeoephekmusHux
ooicepen wmyuHo20 c8imaa 3 KOHMPONbOSAHUMU CREKMPATbHUMU, eHepeemUYHUMU XAPAKMePUCMUKAMU Ol akmueayii nocienoco
mamepiany).

Pesynomamu 0ocnidycenna. Ycmanoeneno ehekmueHi pedcumu OnpoMinenHs HU3bKOIHMEHCUBHO20 JIa3ePHO20 CEIMA HA POCMOGI
Xapaxmepucmuxu ma 6iocumeHmemuyHy akmueHicmy (Cunmes eHOONoOAicaxapuois, HCUPHOKUCIOMHUL CKIAA0) OIOMEXHON02IUHO 8adic-
JUBUX BUOTIE MAKPOMIYEMI8 30 YMO8 2NIUOUHHO20 KYIbMUgyeanHs. 11iomeepoxceno, ujo onpominenHa Miyenito 00CaiOHCeHUX Wmamis
npu3600UMb 00 CKOPOUeHHA Nae-(azu ma 30inbuenHs weuokocmi pocmy Kyavbmyp. Hatiuymaugiwum 0o onpominenns iasepnum ceim-
JIOM 'y cuHboMy ma yepeonomy oianasoni eusguecs wmam G. lucidum, ona sxozo 3agikcosano cxopouenns cmayionapnoi gasu na
4 000u paniwie, HixC Y KOHMPOZI. 3eneHe c8imio GUABUIOCL HAUMEHW eheKMUBHUM ONIsl 6CIX 00CTIONHCEHUX wimamie. 3a cmynenem
NIOBULEHHS eeKMUSHOCMI GNIUBY JIA3EPHO20 ONPOMIHEHHSL HA POCMOGL npoyec ma OioCUHMemuyHy akmueHiCme 00CIIONCEHT KYilb-
mypu modicna posmauysamu 6 pao: 1. obliqguus < L. edodes< H. erinaceus < G. lucidum. [Topisusanonuii ananiz JcupHoKuciommozo
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npo@inio miyenito 00cioNcenux 6udi6 0as 3moey BCMAHOBUMU 3A2ANbHY NOZUMUGHY OUHAMIKY 3MiH. 3a 6CIX GUKOPUCMAHUX PedcUMiI8
ONpOMIHEeHHA 3apIKCOBAHO 3MEHUEHHS 8MICITY HACUYEHUX HCUPHUX KUCIOM | 3DOCMAHHS KIbKICI HOB0YMBOPEHUX MOHO- ma Noi-
HeHacuueHux scuphux Kuciom. Ha ocnosi Kyniemusosanoi miyeniansHol macu po3podneHo KoMno3uyiio 20mogoi gopmu y eueisioi
MBEPOUX JHCETAMUHOBUX KANCYIL | HANPAY08aro 00CHioOHy napmiro. IIposedeno cicieniune pe2nameHmy8ants NOKAZHUKIE AKOCMI Ui 6e3-
neunocmi ma pospooneno mexHiuHi yMogu 0isl Xapuosux npoO0yKmia OJid CneyiatbHux MeOudHux yinel.

Buchosok. Po3pobneno simuusHsanull Xapuosuil npoOyKm OJisi CReYiaibHUX MEOUUHUX Yiiell PUOHO20 NOXOONCEHHS 3 IMYHOMO-
OYNI0BANLHUMU MA HEUPONPOMEKMOPHUMU 61ACTNUBOCIAMU SPUOHOI CUPOBUHU.

Knrwuoei cnosa: nikysanvhi enacmusocmi, 6io102i4HO aKMUBHi CHOIYKU, noxicaxapuou, miyenianoHa maca, aasep, Ganoderma
lucidum, Hericium erinaceus, Inonotus obliquus, Lentinula edodes.
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DEVELOPMENT OF PRODUCTS FOR SPECIAL MEDICAL PURPOSES
BASED ON EDIBLE AND MEDICINAL MUSHROOMS

Actuality. Edible and medicinal mushrooms are a source of biologically active substances contained in fruiting bodies, mycelium,
and culture liquid. Currently, certain types of macromycetes are used as dietary food products, food supplements, and medicinal drugs
of a new class — “mushroom medicinal ”, cosmeceutical products. The creation of modern mycotechnologies requires an in-depth study
of the factors that regulate the functions of the fungal organism, which will allow using their natural potential with maximum efficiency.

The aim of the research. To develop methods of increasing the biological value of medicinal mushrooms Ganoderma lucidum,
Hericium erinaceus, Inonotus obliquus, Lentinula edodes using low-intensity laser irradiation in vitro. Development of the formulation
of food products for special medical purposes based on mushroom raw materials, with an increased content of biologically active
compounds.

Materials and methods. In the course of the research, traditional mycological methods (cultivation of macromycetes in vitro and
study of their biosynthetic properties) and unique photobiological methods (selection of energy-efficient artificial light sources with
controlled spectral and energy characteristics for seed activation) were used.

Research results. Effective regimes of low-intensity laser light irradiation on growth characteristics and biosynthetic activity
(synthesis of endopolysaccharides, fatty acid composition) of biotechnologically important species of mushrooms under conditions of
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submerged cultivation have been established. It has been confirmed that irradiation of the mycelium of the studied strains leads to a
shortening of the lag phase and an increase in the growth rate of cultures. The most sensitive to laser light irradiation in the blue and
red range was the G. lucidum strain, for which a shortening of the stationary phase was recorded 4 days earlier than in the control. The
green light was the least effective for all strains tested. According to the degree of improvement of the effectiveness of laser irradiation
on growth processes and biosynthetic activity, the investigated cultures can be arranged in the following order: 1. obliquus < L. edodes
< H. erinaceus < G. lucidum. A comparative analysis of the fatty acid profile of the mycelium of the studied species made it possible to
establish the general positive dynamics of changes. A decrease in the content of saturated fatty acids and an increase in the amount of
newly formed mono- and polyunsaturated fatty acids were recorded for all the irradiation modes used. Based on the cultivated mycelial
mass, a composition of the finished form in the form of hard gelatin capsules was developed and an experimental batch was developed.
Hygienic regulation of quality and safety indicators was carried out and technical conditions for food products for special medical

purposes were developed.

Conclusion. A method of increasing the biological value of cultivated mycelial mass using low-intensity laser irradiation has been
developed. A domestic food product for special medical purposes of mushroom origin with immunomodulatory and neuroprotective

properties of mushroom raw materials has been developed.

Key words: medicinal properties, biologically active compounds, polysaccharides, mycelial mass, laser, Ganoderma lucidum,

Hericium erinaceus, Inonotus obliquus, Lentinula edodes.

Beryn. AKTyasbHicTs. IcTiBHI Ta JTiKapchki rpuéy Ha
PiBHI 3 JIKAPCBKHUMH POCIHMHAMHU TUCSYONITTSIMU BHKO-
PHUCTOBYFOTHCS B TPAIMINMHIA MEMITMHI JUTS JIIKYBaHHSI
i IpOGITAKTUKY Pi3HUX 3aXBOPIOBAHB, & TAKOXK CIPHUATIIN-
BOTO BILIMBY Ha 3710poB’st moauau (Chang & Wasser, 2018;
Lindequist, 2024). V Ham 4yac NeBHI BHAW JIKAPCHKHUX
pociiH Ta TpubiB 30eperii CBOE 3HAYCHHS SIK O10TeHHI
JKA. Y JESKUX perioHax CBITy BOHM JOCI 3aJIMIIAIOTHCS
BOKIIMBAM JDKEPEJIOM MEIMKAMEHTO3HOTO JTiKyBaHHS
(Stabnikova et al., 2024; Lindequist, 2024; Zhang et al.,
2019). Y cyyacHOMy CBITI TOCTIHHO 3pocTae TOTpeda
y BUKOPHCTAHHI ICTIBHMX Ta JIKapChKUX IPUOIB SIK (PyHK-
IOHAJIPHUX XapUOBUX TMPOMYKTIB, JIETHYHUX JTOOABOK,
HYTPHILEBTUKIB Ta au3aiiHepchkux mpoaykTiB (Chang
& Wasser, 2018; Golembiovska et al., 2019; Ivanov et
al., 2021). OgHuM i3 BaXKJIMBUX acCIEKTIB MPH Po3poOl
IpUOHMX TIperapariB € po3yMiHHSA (HapMAaKOJIOTT9HHX
BJIACTUBOCTEH TPUOHMX KOMITOHEHTIB Ta X MOTEHIIHHOTO
3aCTOCYBaHHS JUISl MIATPUMKH 3100POB’S, MPOQITaAKTHKHA
W JIiKyBaHHS PI3HUMX 3axBOproBaHb. OcoONMMBOI yBaru
3aCIIyTOBY€ aHAI3 MIKOXIMIYHOTO CKJIaay TUIOMOBUX T,
KyJIBTUBOBAHOI MilleNlialIbHOI Macu TpHOiB, BHU3HAYCHHS
MeXaHi3MiB JIii TpHOHUX MeTaOoMiTIB Ta MOXKIIMBOCTI iX
3aCTOCYBaHHS SIK JIOMOMDKHHX 3aCO0iB y TpaJuIliiHHUX
MeTtozax JikyBaHHs (Badalyan & Zambonelli, 2023; Chang
& Wasser, 2018; Krupodorova et al., 2021).

CydJacHHMH METOJIaMH 3 IIJIOJOBUX TiJI, MILIEiIO Ta
KyJbTYpalbHOI piiuHM IpuOiB 130JIbOBAHO Ta 1ACHTU]I-
KOBaHO IMIUPOKY HU3KY IIHHUX METa0OITIB: aJIKaJIOi IH,
nojicaxapuay, OiIKK Ta IX KOMIUIEKCH, (peHObHI CIIOo-
JMyKH, CTepOigu, HYKJICOTHUAW Tomlo. JlOoCTiIKeHHIMHI
in Vvitro Ta in vivo JOBEIEHO aHTHOKCUIAHTHY, IPOTHU-
niabeTH4Hy, TeHaTONpPOTEKTOPHY, IMPOTHITYXJINHHY,
IMyHOMOAY/TIOBAJIbHY, NMPOTUMIKPOOHY Ta IPOTUBIPY-
cHy airo meBHUX MetabomiTiB (Chang & Wasser, 2018;
Lindequist, 2024).

[Torpu Te 110 G:11u3bK0 270 BUIIIB rPUOIB MAKOTh JIIKY-
BaJIbHI BIACTUBOCTI, JIMIIE ACSKi 3 HUX BUKOPHCTOBYIOTh
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y (apmakoriei. Haifgacrime 3acTOCOBYIOTh Taki BHIH
rpubiB 3 JOBEICHUMH (hapMaKOJIOTTYHUMHU BIACTHBOC-
tamu: Ganoderma lucidum (Curtis) P.Karst., Inonotus
obliquus (Fr.) Pilat, Hericium erinaceus (Bull.) Pers.,
Lentinula edodes (Berk.) Pegler.

G. lucidum, BinoMuil TakoX MiJ HA3BOIO «PEHIIi»,
y TPAIMIUHHIA CXIMHIA MEIHUIMHI BHUKOPUCTOBYIOTh
6mu3pko 2000 pPOKIB 3 PI3HOMAHITHOIO JIKYBaJIBHOIO
METOI0, HAITPUKIIA[, SIK 3HEOOMIOBAILHUN 3aci0, IS 3HU-
JKSHHST TEMITEPATyPH, TIOKPAIICHHSI TPABICHHS, I ITPHUMKH
romeoctasy (Wang et al., 2020). 3 G. lucidum Bunineso Ta
ineHTrdikoBaHo MoHa 350 610aKTUBHUX CIIONTYK, BKITFOYHO
3 nomicaxapunamu (o/B-D-IirokaHu), allkalloinaMH, TpH-
TeprieHaMH, OUTKaMH, CTepoinaMu, HYKJICOTHIAMH, IIIi-
KOTIpoTeiHaMH, TMeNTHAAMH, cTeporaMu. JloBemeHo, Imo
nomicaxapuau G. lucidum BUSBISIOTH aHTHOKCHUIAHTHI,
IMYHOMOTYJTFOBaJIbHI, aHTHHEHUPO-IeTeHEePATUBHI, aHTHTi-
abeTHyHi, MpOTH3analbHi Ta aHTHOAKTepiabHi BIACTUBO-
cti (Lee et al., 2019; Wang et al., 2020).

H. erinaceus BiIOMUH TIiJ] HA3BaMU «TEPUILII»,
«MaBII’sS9a TOJIOBA», «JIEB’sUa TPHUBA», «DKOBHK Ipe-
6inuactuii». [leprmi BigoMoCTi Mpo HOro BUKOPUCTaHHS
B TpaJWIiiHIA MeauiuHI JgatoBaHi moHan 1000 pokis
ToMy. I'pHOHMI MOPOIIOK Ta €KCTPAKTH T'€PHIlis BUKO-
PHCTOBYIOTH SIK IMyHOCTHMYIISITOP Ta QHTHUCENTHK IIPH
JKYBaHHI XPOHIYHOTO TacTPHUTY, paKy MUIyHKa, IS
JIKYBaHHS HEPBOBOI CHCTEMU, IIPH HEHPOIEreHepaTuB-
HUX po3najax. [1mogoBi Tiyia Ta MineniaabHa Maca repu-
i MICTATh OUTKH, €CEHIlaIbHI aMiHOKHCIOTH (apri-
HiH, TICTMIMH, JICUIIMH, 130JICHIUMH, Ji3WH, MCTIOHIH,
(deHlTananil, TPEOHIH, BaNiH 1 TpUNTO(aH) Ta KUPHI
kucioty, minepanu (Ca, K, Mg, Mn, P, Zn i Se), BiTa-
MiHU Tpyn B, D, 6ioyioriyHO akTHBHI CITOJYKH (TOJTi-
caxapuau, nomidenonu, rmixonporeinu) (Friedman et
al., 2015). Tlpore HalBaXIMBIIIUMH JJIS (hapMaKoJIo-
TiYHOTO 3aCTOCYBAHHS € JBa KJIACH TEPIICHOITHUX CIIO-
JYK — TePILIMHOHHM Ta €PiHAIUHH, SIKi BXOIATH JIO0 CKJIay
SIK TUTOJIOBHX T1JI, TaK 1 KyJIbTHBOBaHOI Oiomacu. Excrie-
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PUMEHTAJIBHO MiATBEP/HKEHO, 10 TEPIMHOHM Ta epiHa-
OUHA 3IaTHI CTHUMYJIIOBaTH CHHTE3 HEHpOTpodidHOTO
pocroBoro ¢akropy (NGF — nerve growth factor) Ta
HerpoTpodiuHoro akropy romosHoro Mmo3ky (BDNF —
brain-derived neurotrophic factor), siki BiqnoBigaroTh 3a
BIJTHOBJICHHSI HEBPOJIOTIYHHUX PO3JIaJIiB 1 MOXKYTh JIOTO-
MOTTH B Hpo(]iTaKkTuIl Ta JiKyBaHHI HeHpopaereHepa-
TUBHUX 3axBoproBaHb (Badalyan & Zambonelli, 2023;
Zhang et al., 2022).

L. edodes, BimoMuii y MeIWYHIA TNpaKTHIN K
«riiTakey, 371aBHa BUKOPHUCTOBYBABCS B kpaiHax [liBnen-
HO-CXi7HOT A3ii, neskux kpainax €spornu Ta [liBHIYHOT
AMEpHKH HE JIMIIE IS IPUTOTYBAHHS CTPaB, a i 13 JiKy-
BaJIbHOIO MeTOr. DapMaKoIOTiuHi BIACTUBOCTI HIiiTaKe
3yMOBJICHI HAsABHICTIO B HOTO CKJIa Il ITMPOKOTO CIEKTPa
010JIOT1YHO aKTUBHUX pedoBHUH. [110/10BI Tijla Ta Kyib-
THBOBaHa Oiomaca rpuba MICTITh OiIKH, €CEHIlialbHi
AMIHOKHCJIOTH (apriHiH, TICTUINH, JEUIIMH, 130JICHIINH,
Ji3UH, METIOHIH, (CHiNaNaHiH, TPEOHiH, BaJiH 1 TPHII-
To(aH), eceHIiaIbHI XXKUPHI KUCIOTH, MiHepaiu (Ca, K,
Mg, Mn, P, Zn i Se), Bitaminu rpynu B, D, C, E, nomi-
caxapH/u, oJicaXapuANeIITUAN, TEPIICHOI TH, ICKTUHH,
nomidenonu, crepunn (Reis et al., 2017). loBeneHo
PI3HOMaHITHI aKTHBHOCTI, SIKI BHSIBJISIOTH O10JOTIYHO
AKTUBHI CHIONYyKH rpuda, a came: MpoTHU3anaibHi, aHTH-
OKCHJIaHTHI, aHTUMIKpOOHi Biactusocti (Li et al., 2022;
Lindequist, 2024). [locnipkeHHS MEXaHi3My iMyHOMO-
JYJTFOBAIIbHOI i1 moJticaxapuiB L. edodes nanu 3mory
MIPUITYCTUTH, 1110 11€ CKJIaJIHA B3a€EMOJIisl IMyHOJIOTTYHUX,
MeTaOoJIIYHUX Ta eMireHeTHUHuX 3MmiH (Zhang et al.,
2019). IlinTBepmxeHo, IO TOJiCaXapuaAd MOXYTb
MOJIYJTFOBaTH SIK BPOJDKEHI, TaK ¥ aJamTHBHI IMyHHI
BIAMIOBiII, TOMY IX BapTO PO3MISAATH SIK MOTU(IKaTOpH
6ionoriunoi Biamosiai (BRM) (Friedman, 2015). ITomi-
caxapu/l «JISHTHHaH», 10 MICTUTbCA B L. edodes, cxBa-
JICHWH K aJ IOBAaHTHUH TEPaNeBTUYHUI Mpenapar mpH
JiKyBaHHI pi3HHX (opM paky (Zhang et al., 2019).

dapMaKoJIOriyHi BJIIACTHBOCTI JIIKAPCHKOTO TpHbda
1. obliquus, BifoMOro B MEAMYHII NPAKTHUII] SK «4aray,
3YMOBJICHI OIOJIOTIYHOK AKTHBHICTIO KOMILICKCY pi3-
HOMAHITHHUX CIIOJIYK, SIKI BXOISATH JIO HOTrO CKIamy.
3 IIOMOBHUX TiJ Ta Miuemto /. obliquus BUOKpEMIICHO
Ta ineHTu(dikoBano monaj 250 G10aKTUBHUX PEUOBHH:
noJlicaxapuu (B-TIFOKaHW Ta TeTEPOINTIOKaHM), MOJIi-
(heHOIM XPOMOTEHHOTO KOMIUIEKCY, MEJIaHIHHU, OCTYIiH,
TPUTEPICHOITN JITAHOCTAHOBOTO THITY, ITOXiTHI OCH30¥-
Hoi kucnotu (Chang et al., 2022; Fordjour et al., 2023).
CamMe 3aBJsIKH iX KOMIUICKCHI# i rprpOHa CUpOBHHA Ta
SKCTPAKTH Yard oKa3aja 3HAYHY iMyHOMOYIIOBAIBHY
AKTHBHICTh. BOIHUIT €KCTPAKT Yaru € Iyxe MOTYKHHM
IMYHOMOZYJISITOPOM, SIKUIl BiTHOBIIIOE CUCTEMY KiCTKO-
BOTO MO3KY, TMOIIKO/KeHY XiMmioTeparier. Jlikapcbka
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CHPOBHHA TIiJl Ha3BOIO «daray yBIiHILIAa 1O JAep>KaBHOI
¢dapmakorniei Ha moyarky 60-x pokiB XX CT. Ta BHKO-
PHCTOBYBanacs sk TOHI3yBaJIbHUI Ta MPOdiTaKTHIHUH
3aci0, PEeKOMEHIOBaHUH TIPU 3aXBOPIOBAHHSIX IITYHKO-
BO-KHIIIKOBOTO TpakTy. Ili3Himie uwary crajam BXHBaTH
K HecrnenupiuHui JIIKapChbKUi 3acid Tpu JIIKyBaHHI
racTpUTIB, BUPA3KM IIUIYHKA, ITOJIMO3iB, MEpEIpaKo-
BUX 3aXBOPIOBaHb Ta ACSKUAX (OPM 3IIOSKICHUX ITyXJIHH
y BHINAJAKAX, KOJIM HE TOKa3aHa MPOMEHEBA Teparis Ta
Xipypriuae BTpyYaHHs.

IlepcieKTHBHOIO TEXHONOTIEI0 BUPOOHHUITBA T'PHO-
HOI CHPOBUHM W IIIHHUX METAOOJITIB 3 TPHOIB € M-
OuHHe KynbpTUBYyBaHHs. Came 1ieil cmoci® gae 3mory
OTPUMYBaTH 3HAYHY KUIBKICTh MiIeNialbHOT MacH
CTaHJAPTHOI SKOCTI sl BUPOOHUITBA HYTPHUIIEBTHKIB,
JKapChKUX 3aco0iB, Xap4yoBuX mgo0aBok. Ha aymky
Chang & Buswell (2022), minenianbHi IPOAYKTH — 1€
«XBHJISL MalOyTHBOTO», TOMY IO BOHH 3a0€3IEUyIOTh
CTaHJApPTHU30BaHy SIKICTh Ta Oe3mepepBHE BHPOOHU-
nrBo. CTBOpEHHS TakWx OIOTEXHOJOTIH Tmepenbadae
MUOOKe BUBUYCHHS YMHHHUKIB, SIKi PEryIrOIOThH 0i0CHH-
TETHYHY aKTHBHICTh IprOa-IPOAYICHTA, IO A€ 3MOTY
e(eKTUBHO BUKOPHUCTOBYBATH HOTO MPUPOIHUI TOTEH-
mian i 3abe3neuye BUPOOHHIITBO MPOMYKIIiT HEOOXiTHOT
SKOCTI B MOTPiOHIN KimbKocTi. LIITy4He CBITIO € onHUM
3 €KOJIOTIYHO YHCTHX PErylsaToOpiB MopdoreHesy, 6ioc-
WHTETUYHOI Ta O010JOTi4HOT akTMBHOCTI rpu0OiB. Po3sy-
MIiHHSl BIUIMBY CBITJIA Ta MEXaHI3MiB (OTOperenIii
B IpuOiB € HEBiI'€MHHUM CKJIQAHUKOM (HOTOpErysimii
B OIOTEXHOJIOTIYHHMX Ipolecax, sIKi 30Cepe/DKeHI Ha
IiIeCIPSMOBAHOMY CHHTE31 IEBHUX 010JIOTIYHO aKTHB-
HUX CITOIYK.

BpaxoByroun yHiKanbHUH XIMIYHHI CKJIaj Ta mep-
CIICKTUBY BHKOPHCTAHHS Pi3HOMAHITHUX MPOIYKTIB Ha
OCHOBI iCTIBHMX Ta JIIKApCHKUX IpudiB (HyTPUIIEBTHKIB,
JMIETHYHUX JTOOABOK 1 (hapMaKOJIOTIYHHMX Ipernaparis),
iHTeHCH(]IKaIlis MPOIeciB NIMONHHOTO KYJIBTHBYBaHHS
3 BHKOPHCTAaHHSM HU3BKOIHTEHCHBHOTO JIa3€PHOTO
CBITIa MOXXE MaTH MPAKTHYHUI Ta HAYKOBUH 1HTEpec.

MeTta JQ0CHiZKEHHSI — PO3POOMTH METOIMKY ITiJi-
BUIICHHS OI0JIOTIYHOT IIHHOCTI ICTIBHMX Ta JIiKap-
cbKUX TpuOiB Lentinula edodes, Ganoderma Ilucidum,
Hericium erinaceus, Inonotus obliquus 3 BUKOpUCTaH-
HSIM HU3BKOIHTEHCHBHOTO JIA3€pHOTO OIPOMIiHCHHS;
PO3POOUTH PEIenTypy Xap4OBHX HMPOAYKTIB AT CIICIi-
aJBbHUX MEIMYHMX IIJICH HA OCHOBI TPUOHOT CUPOBUHH
3 MiIBUIEHAM BMICTOM O10JIOTIYHO aKTHBHHX CIOIYK
(mosticaxapuiB).

Marepianu Tta mMeroau aociimxeHHs. O0’ekToMm
JOCITI/DKEHb OyJAM YHCTI KYJIBTypH O10TEXHOJIOTIUHO
B)XJIMBUX BHJIB ICTIBHUX Ta JIKapCHKUX MaKpOMIIICTIB
Ganoderma lucidum 1BK 1904, Hericium erinaceus IBK
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977, Inonotus obliquus 1BK 1877, Lentinula edodes IBK
2541. Tamu 36epirarothest B Konekiii KyabTyp IiarnuH-
KoBHX IpudiB IHCTHTYTY O60TaHiKK iM. M. I'. XomomgHoro
HAH VYxpainu (axponim /BK).

KynpruByBaHHS Ha PiIKOMY SKHBHJIBHOMY CEpei-
OBHIII TMPOBOAWIM 3TITHO 3 OIUCAHOI METOAHUKOIO
(Mykchaylova et al., 2023).

JocmipKeH s BIUTHBY HU3bKOIHTEHCHBHOTO JIA3EPHOTO
OIPOMIHEHHS Ha ANHAMIKY POCTY 1 G10CHHTETHYHY aKTHB-
HICTh KyJNBTYp TPOBOIIUIA 32 PO3POOTICHOI0 aBTOPAMH
meromukoro (Poyedinok et al., 2003). IHokymtOM, BHpO-
[ICHWI B yMOBaX INIHMOWHHOI KYJIBTYPH, OIPOMIHIOBAJIH
3a PI3HUX PEKHMIB OCBITICHHS. SIK JDKEpeno KOTepeHT-
HOTO BHIIIMOTO CBITJIA BUKOPHCTOBYBAJIU Ta30Bi JIA3EpH:
reniif-aeonoBuit ynasep JII'H-215 3 BHIpoMiHIOBaHHSIM
JIOBKUHOIO XBHJII 632,8 HM (YepBOHE CBITJIO) Ta apro-
HOBHH 1OHHUI J1a3ep 3 BUIPOMIHIOBAHHAM 3 JOBKHHOIO
xBrII 514,5 HM (3eneHe cBiTio) Ta 488,0 HM (CHHE CBITIIO).
Excriosurtito Bubupanu Taky, o0 4Yucio (OTOHIB, IO
MaJIAF0Th. OyJI0 Maiike OJTHAKOBUM TPH 00OPOOIIi ITOCIBHOTO
MITIENTiIO CBITIIOM Pi3HOT JIOBKWHH XBWJIL. 3aBASKU JIOCUTh
IIMPOKIKM Bapiallil BUXITHOI MOTY)KHOCTI JpKepes CBITIA,
SIKi MF BUKOPHCTOBYBAJIN, CKCTIO3HUIIiSl BU3HAYAIACH Bi/IO-
BIJIHO JIO 33/1aHOT JI03H 1 BapiroBajiach y jiarna3oHi Bif 1 10
5 XB 3aJIeKHO BiJl TIOTY)KHOCTI Jpkepena cBimia. Heormpo-
MIHEHUH (KOHTPOJIb) 1 ONIPOMIHEHHH MiIeiid BUKOPHUCTO-
BYBAJIM TPU JOCTI/PKCHHI BIUIUBY CBITJIa Ha AWHAMIKY
POCTY MilleTiaIbHOI MacH, CHHTE3y €HJIOMOJICaxapuIiB.
[Ticnst onpoMiHeHHSsT MOCIBHUN Mineii y Kinbkocti 10 %
3a 00’eMoM BHOCHJIH B KonOW Eprienmeepa Ta mpoBoawm
KyJIBTHBYBaHHS B YMOBaX IJIMBHHHOI KyJIBTYpH. Bwmict
SHJIOTIONTICaXapu/IiB y MillemiabHId Maci BU3HAYAIM 3a
cranaptHoto metoaukoro (Mykchaylova et al., 2023).

JKupHOKHCIIOTHUH TPOoGiiah MINETio aHaIi3yBaau
BinnosinHo 10 JICTY I1CO.5508-2001. MeTuinosi edipu
KUPHHUX KUCIOT aHaJi3yBaJld 3a JOIMOMOTOIO Ta30BOTO
xpomarorpady 7890 B (Agilent Technologies, CILIA).
3pasku Oyyy MiAroTOBJICHI BIAMOBIAHO 10 BHIIE3a3Ha-
yenoro cragaapry (Mykchaylova et al., 2024).

Pe3ynbraté JgociigikeHHss Ta iX 00roBOpeHHS.
BcraHoBneHo, 110 OMPOMiHEHHSI iHOKYJIFOMY JTOCITiKe-
HUX IITaMiB HU3bKOIHTEHCHBHUM JIA3€PHUM CBITIIOM 32
YMOB IJIMOMHHOTO KYJIBTHBYBAHHs MPU3BOIUTE 10 CKO-
poyeHHs Jar-gasd Ta 301IbIICHHS MIBHUAKOCTI POCTY
KyaeTyp. [Iporiec pocty Mintenito L. edodes 1 H. erinaceus
JocsraB craiioHapHoi (asu Ha 2 1oOW paHilie, HiK
y KOHTPOJIi TIPH OIPOMiIHEHHI JIA3EPHUM CBITJIOM Y 4ep-
BOHOMY Ta CHHBOMY JIialla30Hi. 32 THX CaMUX PEKHMIB
onpomineHHs mrtaMm G. lucidum pocsiraB cTarioHapHOI
(a3u Ha 4 100M paHille, HiX y KOHTpoJi. PocToBi mpo-
necu B KynbTypH I. obliquus BUSBUINACS OUTBII 9y TIH-
BHMH JI0 CHHBOTO JIA3ePHOTO CBITIIA, OPOMiIHEHHS SIKHM
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JIaio 3MOTY OTpPHMAaTH HaWOUIBIIMK BUXig Olomacu
(6,8 /) Bxe Ha 9-Ty OOy KyJBTHBYBaHHS, SIK MOPIB-
HSTH 3 IHIIMMH peKUMaMd. BUKOPUCTAHHS 3€JICHOTO
cBimia (A=514,5 HM) BUSIBUJIOCH HAHMEHII ¢()CKTHBHUM
JUISL BCIX TOCJIIJDKEHUX IITaMIB.

OTxe, CBITIOBa 00pOOKA 1HOKYJIIOMY B CUHBOMY Ta
YepBOHOMY Jlialta30Hi JJa€ 3MOTY 3HAYHO CKOPOTHTH Tep-
MiH KyJIBTHBYBaHHsI JOCIIPKCHUX BUJIIB Ta OTPUMYBAaTH
OBy KiJIBKICTB MillemiadbHOI MacH.

ExcrieppuMeHTanbHO BCTAHOBJICHO, IO CHHE CBITIO
€ KIIFOYOBUM CUTHAJIbHUM KOMITOHEHTOM, SIKHI PETyJI0€e
EKCIPECito TeHIB 1 M00ANTBbHO MepeOyIoBY€E KITITHHHHHA
metabomnism y rpubiB (Yu & Fischer, 2019). [Ipu Bupo-
I[yBaHHI ICTIBHUX MaKpOMILIETIB /Il CTUMYJIALIT POCTY
TUTOIOBUX TiJI 1 MiIBUIICHHS 1X Xap4oBOi Ta O10JI0TI4HOT
IIHHOCTI BUKOPHUCTOBYIOTH cuHE cBiTio (Huang et al.,
2017; Nakano et al., 2010).

BcraHoBIeHO, 1110 ONMPOMIHEHHS 1HOKYJIIOMY JOCHTi-
JUKCHUX IITaMiB JIa3epHUM CBITJIOM Yy BCIX [iama3o-
HaX JIOBXHH XBWIIb BHUKJIMKAJIO 30UTBIICHHS CHHTE3Y
exponoiicaxapuaiB. Crocrepirand KOpPEJsImiio Mix
HAKOITUYEHHSAM MilleJialbHOT Macu Ta TOJIicaxapHiiB
y G. lucidum, L. edodes, H. erinaceus (tabn. 1). Onpo-
MIHEHHSI JIA3CPHUM CHHIM Ta YEPBOHHMM CBITIIOM iHO-
kymomy G. lucidum iHIyKyBano 30iTbIICHHS CHHTE3Y
enjiononicaxapuais Ha 64,0 % Tta 61,9 % BiANOBIAHO.
Jns xynerypu L. edodes onpOMiHEHHS B THX KE PEXH-
Max 30UTbIINYBAJIO KUTBKICTh MOJTicaxapyIiB y Millesialib-
Hill Maci Ha 41,2 % Ta 37,5 % BignosiaHo. Jlist mramy
H. erinaceus cune Ta 4epBOHE JTa3epPHE CBITIO TAKOXK OyITH
Hale(heKTUBHIIINMH TSI CTUMYJISI] CHHTE3y €HJOMOTi-
caxapuaiB (ta6n. 1). HalimMeHIMHA BIUIMB ONPOMiHEHHS
OyB 3adikcoBanmii 11t KynbTypH 1. obliquus.

OTpuMaHi pe3yabTaTd JaroTh 3MOTY CTBEPIXKY-
BaTH, 1[0 HU3bKOIHTEHCHUBHE JIa3epHE CBITJIO Y BHIUMIN
YaCTHHI CIIEKTpa MOXKe OyTH BHKOPHCTaHE B OI0TEXHO-
jorii MMOMHHOTO KYJIBTUBYBAHHS BCiX JOCIHIIKCHHX
BUJIB SK CTUMYJISATOp OIOCHHTETHYHOI aKTHBHOCTI,
30KpeMa MilleialbHOl MacH Ta mojicaxapuis (Taom. 1).

bio¢yHKIIOHABHI BIACTUBOCTI TPHOHUX ITOJicaxa-
PUJIiB OCTaHHIM YacoOM IIPUBEPTAIOTh yBary (hapMakosio-
riB. YCTaHOBJEHO, IO MaKPOMOJCKYJIH ITOJIicaxapuiB
MalOTh IIUPOKUHN CIIEKTP TePaeBTUUHUX BIAaCTUBOCTEH,
30KpeMa aHTHOKCHIAHTHY, IMyHOMOIYJTIOBaJbHY, TilTO-
ITKEMiuHY, TPOTH3ANANIBbHY, IPOTUPAKOBY, aHTHICMEH-
IFOBaJIbHY, OMOJIO/DKYBAJIbHY Ta TIMOJIMiAeMIYHY Jii
(Sheng et al., 2021; Shi, 2016; Yu et al., 2023). Came
TOMY PpO3pOOKa TEXHOJOTIT 30UIBIICHHS iX KUIBKOCTI
y MilenianeHiil Maci 3HAYHO MOKPAIMIUTH Oi0NOTiYHy
[IHHICTH KIHIIEBOTO MPOIYKTY.

3a maHUMH JIiTepaTypy TPUOHI MoJicaxapuiy, SK-OT
B-rroKaHM, aKTHBYIOTh CHUTHAJBbHI NUIAXH toll-mosio-
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Ta6muis 1

BninB HU3bKOIHTEHCHBHOTO JIA3€PHOI0 CBITJIa HA CHHTE3 MilleJI1iajIbHOI MacH Ta MmoJricaxapuaiB
JOCTiIKeHUX BUIIB MaKPOMileTiB

Bup, (TpuBianibHa Ha3Ba) BunpomiHOBaHHS, J10BKHHA Biomaca, r/n Enpononicaxapuau
B HM r/n % 3MiHu | eHjo-, % % 3MiHH
KoHTpoib, 6e3 onpomMiHEeHHs 6,9+0,2 7,6+0,2
Ganoderma lucidum, peimi Yepsone cBiTI0 (A=632,8) 12,6+0,4%* 82,6 12,3+0,1%* 61,9
3enene cimio (A=514,5) 9,0+0,2* 30,4 10,1+0,1* 32,9
Cune cBiTiio (A=488,0) 12,9+0,1* 86,9 12,3+0,3* 64,1
KonTpons, 6e3 onpomMiHeHHs 10,2+0,1 5,340,2
Hericium erinaceus, xes'sa rpisa Yepsone cBiTi0 (A=632,8) 15,7+0,3* 53,9 7,9+0,2%* 49,1
’ 3enene cimio (A=514,5) 10,8+0,3* 5,9 6,2+0,2% 17,0
Cume ciTio (A=488,0) 14,2+0,3* 39,2 8,1+0,2* 52,8
KoHTpois, 6e3 onpomMiHEeHHs 9,2+0,4 7,0£0,2
Inonotus obliquus, sara Yepsone cBiTio (A=632,8) 10,6+0,3* 15,2 8,5+0,2* 21,4
’ 3enene cimio (A=514,5) 10,1+0,4 9,8 7,8+0,3* 11,4
Cune cBiTio (A=488,0) 11,5+0,2* 25,1 10,1+£0,2* 443
KonTpons, 6e3 onpomMiHEHHs 6,340,1 7,240,1
Lentinula edodes. miiraxe UYepsone cBiTi0 (A=632,8) 10,8+0,3* 71,4 9,9+0,2%* 37,5
’ 3enene cimio (A=514,5) 10,4+0,3%* 65,1 8,2+0,2%* 13,8
Cume ciTio (A=488,0) 11,3+0,4* 79,3 10,2+0,4* 41,2%

Ipumimra: «*» — MO3HAYCHI CTATUCTUYHO JOCTOBIPHI BIIMIHHOCTI 1110J10 KOHTpOITIO, (p < 0,05).

HUX PELENTOPiB Ha IMyHHHUX Ta HEIMyHHHMX KJIITHHAX
i IHAYKYIOTh EKCIPECil0 MPOTH3aNaJbHUX ITUTOKIHIB
Ta iHTepPEepOHiB, THM CAMHM YCYBarO4YH MMAaTOICHU Ta
MOJIYJTFOFOUYM iIMYHHI peakiiii. Ha ocHOBI momicaxapuiis
3 G. lucidum ta L. edodes po3po0ineHo KOMepIiiHi Tepa-
neBTHYHI npenaparu «['aHogepan» Ta «JleHTiHaHY, K
3aCTOCOBYIOTH SIK ]I’ FOBAHTHUH TEPaNeBTUUHUIM ITpera-
par Ipu KOMIUIEKCHOMY JIIKyBaHHI MAIliEHTIB 3 PI3HUMH
(dbopmamu paky, SIKI MMEpPeHeCTH XiMio- Ta MPOMEHEBY
TEpaIiro, 3 METOO MOKPAIIAHHS SIKOCTI JKHTTS Ta 3MEH-
meHHs mo0iuHuX edekTiB. KpiM Toro, rpubHI moica-
XapuId 371aTHI 3MIHIOBaTH CKJIaJ[ KUIIKOBOi MiKOOIOTH,
CTHMYIIOIOUN IMyHHY CHCTEMY, 3aXHWIIAIOYU BiJ| 3ama-
JICHHS Ta MIATPUMYIOUH 370pOB’s Kumrednuka. [lorpa-
IUISTIOMY B KHUIIKOBHH TPAaKT, MOJicaxapuau rpuda pos-
KIIQJAl0ThCS 1 3MIHIOIOTh KHCIIOTHICTh CEpPEOBHIINA Ta
MIKpOOHUI CKIIaj, KU cripusie mpoitideparlii Ta pocTy
KOPHCHHUX KHIIKOBUX OakTepiil i 301bIIye KOHIIEHTpa-
[0 3araJbHUX KOPOTKOJAHIIOTOBHUX JKHPHHX KHCIIOT,
SKi BiAIrParOTh PETYNATOPHY POIb y KUIIKOBOMY TOMe-
ocrasi (Wang et al., 2018). ExcriepuMeHTaIBHO ITif-
TBEPIKEHO, 110 nonicaxapunu G. lucidum ta L. edodes
3[aTHI TMO3WTHUBHO BIUIMBATH Ha MIKpOOIOTYy KHIIICY-
HUKa, 30UTbIIyroun umcenbHICTh Bifidobacteriaceae
i Lactobacillaceae Ta 3MeHIyrouu KinbKkicTh Firmicutes,
Enterobacteriaceae i Lachnospiraceae (Jin et al., 2017;
Xue et al., 2020; Yang et al., 2020).

OTxe, TpoBeACHI IOCTIHKEHHS (POTOUYTIMBOCTI
KYJBTYp TpUOIB JI0 JIA3EPHOTO CBITJIA A 3MOTY BCTa-
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HOBHUTH 3arajibHi 3aKOHOMIPDHOCTI Ta I1HIWBILyasbHi
0COONMUBOCTI 1X peakiliii Ha CBITJIOBI BIUIMBH ¥ BU3HA-
9UTH ¢()EKTUBHI MMapaMeTpH CBITIIOBOI 0OPOOKH 1HOKY-
JIFOMY, 110 JIa€ 3MOT'Y OTPUMYBATH HAHOLIBITY CTUMYJIS-
IIF0 POCTY ¥ CHHTE3y €HA0MONTICaxapuIiB.

AnanTanis MiKpoopraHi3MiB i TpuOiB 10 pi3HOMa-
HITHUX €KOJIOTIYHHUX YMHHHUKIB CYNPOBOKYETHCS Bif-
MOBITHUMH 3MiHAMH, 30KpeMa i JKUPHOKHCIOTHOTO
CKJIaMy KIITHHHHUX JIMiJiB, IO 3yMOBJIEHO MOIM(]i-
Kalli€r0 B TPOHMKHOCTI IXHIX MeMOpaH, MeTadoui3Mi
JKUPHHUX KHCJIOT Ta aKTHBHOCTI TIEPEKHCHUX IPOLECIB.
OnHuM 13 MEeXaHi3MiB, KU 3a0e3Meuye 31aTHICTh IPH-
01B 710 (poTOpereNnIii pi3HOrO TUITY, € BIAMOBIIHI 3MiHH
B IXHBOMY >KMPHOKHCIOTHOMY MpOQiIi Ta CTyHeHi
HEHACHYCHOCTI KIITHHHUX JimiaiB. HenacuueHi xupHi
KHCJIOTH KIITHHHA € OJHUM 13 BaKJIMBHUX KOMIIOHEHTIB
OKHCJTIOBaJIbHO-BiTHOBHOI CHCTEMH.

BcTanoBIEHO BIUIUB J1a3€pHOTO CBITIA HA SKUPHOKHC-
JIOTHHUH TIpodib MileTiaTbHOT MacH TOCIIIKEHUX KYJTb-
Typ. [lopiBHsuibHME aHami3 nimigHOi (pakmii Miremiro
IaB 3MOTY BCTAHOBHTH 3arajibHy MO3UTHBHY IHHAMIKY
3MiH Yy KHPHOKHCIOTHOMY Ipo¢isi. 3a BCiX BUKOpHUCTa-
HUX PEXHMIB OMPOMIHEHHS 3a()iKCOBAHO 3MEHIICHHS
BMicTy HacuueHuX kupHuX kucnot (HXXK) ta 3pocranns
KIUJIbKICTI HOBOYTBOpeHHX MoHOHeHacnueHux (MHXKK)
ta noniHeHacudeHux (ITHXXK) sxupHUX KUCITOT.

3MiHH B KimbKicHOMY Ta sikicHomy BwicTi HXKK,
MHIXKK i ITHXK BinOyBaroThCsl SIK pe3yabTaT BIUIUBY
Ja3epHOTO OMPOMIHCHHS, SIKE THIYKYE (pepMEHTATUBHI
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peaxiiii. Y BiINOBiIs HA BIUIMB 30BHILIHBOTO (haKTOPy —
OIPOMIHEHHS — KJIITHHU TPUOIB CHHTE3YIOTh 1HTyIMOCITbHI
(depMeHTH, y IIbOMY pa3i jaecaTypasu, sKi Karaji3yloTb
TIePETBOPEHHS OMHAPHUX 3B’SI3KIB MK aTOMAMH BYIJICIIIO
B ampwibHuX Janiorax (C—C) y noagiitai (C=C). BinzHa-
YEHO ICTOTHY PI3HUINFO B SIKICHOMY CKJIaJli Mille/ialibHOT
MAacCH: OIPOMIHEHHS YUePBOHUM CBITJIOM iHIYKY€ KOPOTKO-
naHIrorosi kucnotu C6—C12, a ONpoMiHEHHS CHHIM CBIT-
JIOM CHHTE3 JIOBIOJIAHIFOroBux kucjaor C20—-C24.

3a pe3ympraTaMu JOCHIIKEHb YCTaHOBJIEHO edek-
THUBHI PEXUMH ONPOMIHEHHS IHOKYIIOMY JUIsS iHTEH-
cudikamii mporecy OTPUMAHHS MileTiaIbHOT MacH
3 MiABUILEHIM BMICTOM TOJTicaxapu/iB Ta HCHACUYCHUX
JKHPHHUX KHCJIOT JJIsI KOXKHOTO BUAy rpuba. Hampampo-
BaHO MileTiajbHy Macy JIKapChKHX 1 ICTIBHUX IpHOiB
(H. erinaceus, L. edodes, G. lucidum, 1. obliquus) 3 mij-
BUIICHOIO O10JIOTTYHOK0 LIHHICTIO JyUIs TpoOHOT mapTii
Xap4YOBUX MPOIYKTIB JJISI CIICIiaIbHAX MEIUIHUX ITLITCH.

3 METOI0 MPAKTUYHOTO BIPOBAKECHHS PO3POOICHUX
METOIIB OTPHMaHHS XapuOBUX IIPOAYKTIB IS CITCIIi-
ATbHUX MEIUYHUX IUJIEH 3 MiABHUIIEHOI0 0i10J0TTYHOIO
AKTUBHICTIO PO3POOJICHO KOMIIO3HIIIF0 TOTOBOI (hopMHu
y BHUIVISIII TBEPAUX JKEJIATUHOBUX KalCyl Ha OCHOBI
rpuOHOT CUPOBHHU (Ta0. 2, Tad. 3).

[IpoBeneHo ririeHiuyHe perTaMEHTYBAaHHS IOKa3-
HUKIB SIKOCTI ¥ Oe3MeYHOCTi Ta po3poOJIEHO TEXHIYHI

YMOBU ISl Xap4yOBUX MPOAYKTIB ISl CIEI[iaIbHUX
MEIUYHUX IIJIeH 3 IMyHOMOIYJIIOBAJHHHMHU BIACTH-
BOCTSIMH Ha OCHOBI I'pHOHOI CHPOBUHU Y (OPMI Karcyim
TBepAuX. Po3poONeHO MOCIHiAHY TEXHOJOTIIO Onep-
YKaHHS TOTOBOTO MPOJYKTY y BUINISAII TBEPAUX KarCyi
(puc. 1), BATOTOBJICHO JOCIIHY MAPTit0 MPOIYKTY, PO-
€KT IHCTPYKIIIi 13 3aCTOCYBaHHSI.
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Puc. 1. XapuoBi npogyKkTH 1Jis cieiajJbHUX
MEeAMYHHX LiJIell Ha OCHOBI I'PHMOHOI CHPOBUHH

3a pe3ynprataMu JepKaBHOI CaHITapHO-EIIiIeMi0I0-
TIYHOI eKCIIepTU3H, MPOBeNeHO1 JIbBIBCHKIM HAIIOHAb-
HUM MEIMYHUM yHiBepcuTeToM im. Jlanuna ["anunbskoro,
TY VYV 10.8-022070921-001:2023 «Xap4oBi IpOmXyKTH
JUTSL CTICI[IaIbHUX MEIMYHUX IiIed Ha OCHOBI POCIIMH-
HOi Ta TPUOHOI CHPOBUHM» TEXHIUHI XapaKTEPUCTHKU
BiJINIOBIJIAaIOTh BUMOT'AaM YMHHOTO CAHITAPHOTO 3aKOHO-

Tabmaums 2

PeuenTtypa xap4oBuX NPOAYKTIB ISl cieliaJIbHUX MeIMYHUX I[iJieil HA 0CHOBiI TPUOHOI CHPOBUHU

MacoBa yacTka iHrpegieHTiB B oHiii kancyJi, Mmr

InrpenienTn . «MikoImyHn «MikoImyHn
«Mixolmyn Komnarexe I'epuniii», kancyu Inonoryc»
AKTHUBHI IHTpaJi€HTH:
Bucymennii nmoapioHenuii mineniit L. edodes 150 — —
Bucymenwii monpiOnenuii mineniit G. lucidum 150 — —
Bucymennii nogpiObnenunit mineniit H. erinaceus 150 500 -
Bucymenwii nmonpioHenuii minenii . obliquus 150 — 500
JlonomixHi peyoBUHM:
Kanpwito creapar — + +
JlakTo3a — + +
MiKpoKpuCTaiyHa [eJr0I03a - + +
Maca BmicTy Karcymnu, Mr 600 600 600
Tabnmus 3

Ilo:xuBHa Ta eHepreTnyHa wiHHicTh Ha 100 I cyXxoi Macu Xap4yoBOro NPOAYKTY
JJISl celiaILbHUX MeIUYHUX LijIei

KoMIOHeHT Onnuni «MikoImyn Kommiekce», | «MikoImyn Iepuniii», | «Mikolmyn InoHoTtyc»,
KancyJIn Kancy/Im KaIcy/Iu
binku r 34,840,2 31,4+0,2 29,7+0,2
ByrneBonun r 55,240,2 57,6+0,2 59,6+0,2
Kupu r 2,15+0,2 3,9+0,2 2,1+0,2
Kiityarka r 3,840,1 3,4+0,1 4,2+40,1
Bera-rimokanu r 4,1+0,1 3,7+0,1 4,4+0,1
Enepris K JDK/KKaT 1069/112 1107/343 1104/311
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JaBCTBa YKpaiHHW. 3a pe3yJbraTaMd OCHOBHHX JOCITi-
Jokenb BujaHo mareHT ([latrent Ykpainu Ha KOopuCHY
mozenb Ne 155038).

Po3pobieHnii  Xap4oBUl MPOAYKT JUIs CHEIialib-
HUX MEIWYHMX MLiJed Ha OCHOBI TPUOHOI CHPOBUHM
MOYKE€ BHKOPHCTOBYBATUCS 3 NMPOQLIAKTHIHOI METOIO,
a TaKOX y KOMIUJIEKCI TepareBTHYHHUX 3aXOAIB MPH BTO-
PUHHHX IMyHOAE(IIMTHUX CTaHax (XPOHIYHI repre-
TH4Hi iH]eKii, cTpecoBi cHTyarlii, OgyXKaHHS MiCHs
rocTpux 1HQEKIIHHUX 3aXBOPIOBaHb, 1HTOKCHKAIIH
TOI0). 3HAYHA YACTUHA 3TraJJaHuX MMaTOJOTIYHUX CTaHIB
CYIPOBOIDKYETHCS YPaKEHHSIM HEPBOBOI CHCTEMH JIET-
KOTO Ta MOMIPHOTO CTYTIEHS, [0 MOXE OyTH CKOPHUTO-
BaHO, 30KpEMa, BXHBAaHHIM XapYOBUX HPOAYKTIB LIS
CIIEIaAIbHUX MEIUYHUX I[iIEH.

BucnoBkmn.
OTpuMmaHi pe3yJbTaTH CBiT4aTh PO MOKJIMBICTH
BUKOPUCTAHHA HU3bKOIHTEHCUBHOIO JIA3€PHOIO

CBiT/Ia /1 CHIPSIMOBaHOI peryJsuii 0i0CHHTeTHYHOI
AKTHBHOCTI 0i0TEXHOJIOTrIYHO BAaKJIMBHUX BUIB icTiB-
HHX i JiKapchbKHX rpuoiB 3 MeTOI0 NMOKPALICHHHA iX
CIO’KMBYMX XapakTepucTuk. Po3podiieHo MeToauKy
NiABUINEHHA 0i0JOriyHOl NIHHOCTI JOCJIiIKEeHHX
BU/IIB iCTIBHUX Ta JTiKapChbKHUX IPUOiB 3 BUKOPHCTAH-
HSIM HU3BKOIHTEHCHBHOIO J1a3€PHOr0 ONPOMiHEHHsI.
JliopaHo pe:XKHMH Ta 103H ONPOMiHEHHS JIa3ePHUM
cBiT/IOM iHOKYy/IOMY rpufiB 3a yMOB IIMOMHHOIO
KYJIbTUBYBAHHSI.

Po3po0iieHO BiTYM3HAHUI Xap4OBUH NPOLYKT
JUISI CTIemiaJIbHUX MeIUYHUX Hijeld rpudHOro moxo-
JkeHHs1 (Ha ocHOBi Lentinula edodes, Ganoderma
lucidum, Hericium erinaceus, Inonotus obliquus)
3 IMyHOMOAY/IIOBAJIbHUMH, Ta HelpoNpoOTeKTOp-

HUMH BjIacTUBOCTsIMU. Takoro poay cmeuiaabHuii
Xap4YOBHIi NPOAYKT MOKe BUKOPUCTOBYBATHUCS 3 NPO-
(dinakTHYHOIO METOI0, a TAKOXK Y KOMILIEKCi Teparne-
BTUYHHX 32X0/1iB P BTOPUHHUX iMyHoAedinuTHIX
craHaX. Bi:kuBaHHsI pPo3po0/IeHOT0 BiTYM3HSHOIO
Xap4YoBOr0 MPOAYKTY /ISl CHeliaJIbHUX MeIUYHHX
uiseit Mmoske OyTH aKTYaJbLHO M/l 4aC BOEHHOTO CTAHY
AJ1e BilicbKOBUX, IUIs1 peadijiTanii mopaHeHux i Mmup-
HOIr0 HaceJIeHHsl, siKi mepe0yBalOTh B e€KCTPeMAaJib-
HHMX YMOBax.

Y koHTeKkcTi M100adbHUX 3YCHJIb HIOA0 CTAJIOr0
po3BHUTKY icTiBHI Ta Jikapchki IrpudH cTalTh Hep-
CIHeKTUBHHMU MPOAYIEHTAMH AJI51 CTBOPEHHS (PyHK-
HiOHAJBLHUX XapPYOBHX NPOAYKTIB, HyTPHIEBTHKIB,
Ai€ETHYHUX N00aBOK Ta AU3aiiHEPCHKUX NPOAYKTIB
xapuyBaHHsl. [Ipore peani3anisi ix NOBHOIO NMOTeH-
uiajly BUMarae po3yMiHHsI TOro, sik pi3Hi ¢axropu,
BKJIIOYHO 3i IITy4YHHM CBiT/IOM, BILINBAaKThL Ha iX
XapaKTEePUCTUKU POCTY Ta OiOCMHTETHYHY aKTHB-
HicTb. IIponoBikeHHs qoc/IiizkeHb MexaHi3MiB ¢oTo-
iHayKnii B rpudax € Ba:KJIMBUM /LIS BiANOBiIa1bHOTO
YIPaBJiHHS pecypcaMu Ta 3aXHCTy HABKOJUIIIHbOTO
cepeIoBHIA, CIPHSIHHSA CTAJIHM BUPOOHHMYNM MPaK-
THKaM i 320e31e4eHHI0 J0BroCTPOKOBOI KUTTE31AT-
HOCTi eKOCHCTeM IJIAHEeTH.

Hocnikenns  ¢inancyBatoce MOH — Ykpainu
B MeEXax BHUKOHAHHS JCPKaBHOTO 3aMOBIICHHS Ha
HalBaXTUBIII HayKOBO-TEXHIUHI (exceprMeH-
TalbHI) pPO3POOKH Ta HAYKOBO-TEXHIUHY TPOAYKIIIIO
y 2022-2023 pp. «Po3pobienHss METOAIB MiABHUICHHS
010J10T19HOT aKTUBHOCTI XapUOBHMX MPOIYKTIB JUIS CIIe-
iaTbHUX MEIUYHUX Iinei», Ne nep:kaBHOI peecTparii
0122U200933.
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AHAJII3 AMIHOKHCJIIOTHOT' O CKJIAAY TPABU JEPEBIIO ITAT'OPEOBOI'O
(ACHILLEA COLLINA J. BECKER EX REICHENB)

Axmyanvricms. Bpaxoeyrouu wupoxuil cnekmp 0iono2iunoi 0ii amiHOKUCIom ma ix 6naue Ha OpeaHizm JTI0OUHU, NOUWYK HOBUX
odicepen Oanux Oion02i4HO AKMUBHUX PEHOBUH 3ATUULAEMbC AKMYATbHUM 3A60AHHAM CYYACcHOT papmayii.

Ilepcnexmugnum 00 ’eKMoM OMPUMAHHSA AMIHOKUCTIOM € NIKAPCHKI pOCIUHU, ceped AKUX Oepesill nazopbosul, AKUL Mae 00CMamHio
cuposunny 6azy na mepenax Ykpainu. Leii 6uo uxopucmogyemvcsi 6 mpaouyitinitl MeOUyuHi sk 2eMoCmamuyHuil, nPOMu3anaibHull,
PAan03a2o106anbHULL Ma 2enamonpomexmopHutl 3acio.

V cyuacniii ghaxosiui nimepamypi nemae 0anux npo npoeeoents: AMiHOKUCIOMHO20 AHAIZY 00CTIONCYBAHO20 GUOY.

Mema pobomu — susuumu amMiHOKUCIOMHULL CKIA0 mpasu 0epesito nazopboeoco (Achillea collina J. Becker ex Reichenb.) ma
PO3UUPUMU 3HAHHA NPO XIMIUHUL CKAAO YbO2O BUOY.

Mamepianu ma memoou docnioxncenns. Mamepianom 0na docnioxcenv 6yia mpasa oepesito nazopb0802o, AKY 3a20MO6IANU
6 3anopizvkitl oonacmi 6npoooedic penonoziunoi azu (uepsensv — scoemensv 2017-2018 pp.).

Ananiz aminokuci0mHno2o ckaady cuposuHu NPOBOOUNU MEmMoOOM 2a3080i XpoMamo-mac-cnexmpomempii na xpomamoepadghi Agilent
6890N/5973inert (Agilent technologies, USA). KinbKicnuil émicm aMiHOKUCIOM SUBHAYAIU OOOABAHHAM GHYMPIUHBLO2O CIAHOAPNTY —
Hopsaniny (75 Mke/3pazox). Bmicm 36 A3aHUX aMiHOKUCIOM GUSHAYAU GIOHIMAHHAM 810 IX 3a2IbHO20 BMICY GLIbHUX AMIHOKUCION.

Pesynemamu 0ocnidscennsn. Buznauunu ¢ mpagi depegiro nazopbosozo 14 aminoxuciom, 30kpema 7 Hesaminnux (L-eanin, L-netiyum,
L-mpeonin, L-izonetiyun, L-memionin, L-peninananin, L-nizun). ¥ 0ocriosxcysaniii mpasi cepeo invHux aminoxuciom oominyeanu L-ac-
napaeinosa (5,34 me/e) i L-enymaminosa (2,15 me/2) kuciomu ma ecenyianvhi kuciomu L-eéanin (2,02 me/2) i L-netiyun (1,94 me/2). Cepeo
36 ’aA3anux aminokuciom oominyeanu L-netiyun (13,35 me/e), L-nponin (12,54 me/e), L-peninananin (12,51 me/e) i L-sanin (8,92 me/2).

Bucnoeku. Bnepue susuerno aminokuciomuuii cknao mpaeu Achillea collina J. Becker ex Reichenb. Bcmanoéneno naasnicmo
14 aminoxuciom (30kpema, 7 He3aMiHHUX) Mma 6U3Ha4eHo ix Kinbkichull emicm. Ecenyianvui kucniomu L-netiyun ma L-eanin eusigneHo
AK cepeo BLIbHUX, MA [ cepeo 36 A3aHUX AMIHOKUCIOM.

IIposedenuii amiHOKUCIOMHUL AHANI3 CEIOUUMb NPO NEPCNEKMUBHICTIG NOOANLUUUX OOCTIOHCEHb MPABU epesiio nazopoo602o AK
odcepena amiHOKUCIOM Olis pO3POOKU HOBUX GIMUUSHAHUX JIKAPCLKUX 3ACODI6.

Knrouogi cnosa: aminokuciomu, oepegiti nazopoo8uil, 2a306a XpoOMamo-mac-cnekmpomempis.
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ANALYSIS OF THE AMINO ACID COMPOSITION OF THE YARROW GRASS
(ACHILLEA COLLINA J. BECKER EX REICHENB)

Actuality. Considering the wide spectrum of biological action of amino acids and their influence on the human body, the search for
new sources of biologically active substances remains an urgent task of modern pharmacy.

Medicinal plants, including yarrow, which has a sufficient raw material base in the territory of Ukraine, are promising objects
for obtaining amino acids. This species is used in traditional medicine as a hemostatic, anti-inflammatory, wound-healing and
hepatoprotective agent.

There is no data on the amino acid analysis of the studied species in the modern specialized literature.

The aim of the work was to study the amino acid composition of the yarrow grass (Achillea collina J. Becker ex Reichenb.) and to
expand knowledge about the chemical composition of this species.

Materials and methods. The material for research was the yarrow grass, which was harvested in the Zaporizhzhia region during
the phenological phase (June—October 2017-2018).

The analysis of the amino acid composition of raw materials was performed by gas chromatography-mass spectrometry on an
Agilent 6890N/5973inert chromatograph (Agilent technologies, USA). The quantitative content of amino acids was determined by
adding the internal standard - norvaline (75 ug/sample). The content of bound amino acids was determined by subtracting from their
total content of free amino acids.

Research results. 14 amino acids, including 7 essential ones (L-valine, L-leucine, L-threonine, L-isoleucine, L-methionine,
L-phenylalanine, L-lysine) were determined in the grass of the mountain yarrow. In the examined grass, among the free amino acids,
L-aspartic (5.34 mg/g) and L-glutamic (2.15 mg/g) acids and the essential acids L-valine (2.02 mg/g) and L-leucine were dominant
(1.94 mg/g). Among bound amino acids, L-leucine (13.35 mg/g), L-proline (12.54 mg/g), L-phenylalanine (12.51 mg/g) and L-valine
(8.92 mg/g).

Conclusions. The amino acid composition of the herb Achillea collina J. Becker ex Reichenb was studied for the first time. The
presence of 14 amino acids (including 7 essential ones) was established and their quantitative content was determined. The essential
acids L-leucine and L-valine were found both among free and bound amino acids.

The conducted amino acid analysis shows the perspective of further research of the yarrow grass as a source of amino acids for the
development of new domestic medicines.

Key words: amino acids, yarrow, gas chromatography-mass spectrometry.

== 184 ®itotepanis. Yaconuc Ne 2, 2024




Bionoria. Papmauin

Beryn. AkTyasibHiCTh. AMIHOKHCIOTH — KJIac opra-
HIYHHX CITOJIYK, SIKi BIZIOMI IIMPOKUM CIEKTPOM 0i0J10-
riunoi aktuBHOCTI (Asghari, 2020). Bonu BimirparoTh
BaXKJIMBY POJIb Y CHHTE31 O1J1Ka, BAKOHYIOTh KaTaTiTHYHI
Ta peryasTopHi (yHKIii, BXOAATH A0 CTPYKTypHu Oio-
MeMOpaH, peryjolTh aKTHBHICTh HEHPOHIB, BIUIMBA-
I0Th Ha OOMiH PEYOBHH, BUCTYIIAIOTh SIK aHTUOKCHIAHTH.
3aBISIKM aKTHBAIll TOPMOHY COMaTOTPOIIIHY aMiHOKHC-
JIOTH PETYIIOKTH PICT Ta PO3BUTOK OPTraHi3My JIFOJMHHU.
Bonw 3maTHi BIUTMBaTH Ha piBEHb IYKPY, BUCTYHAIOTH SIK
HeWpoMeIiaTopy Ta MeiaTOpH 3aralbHIX i anepridHux
peaxiiii, 3a0e3MeYy0Th 3aCBOCHHS KaJbIIiI0 Ta 3aBISKH
IMYHOTpOTIHIf aKTHBHOCTI BUKOPUCTOBYIOTHCSI OpTaHi3-
MOM JIJISl CHHTE3Y HeHTpOIbHUX JIeHKouTiB (Asghari,
2020; Moran-Palacio, 2014).

HesaMiHHI aMiHOKHCIIOTH JIIOICHKHH  OpraHi3m
oTpumye 3 Tkero. JlehinuT HaBiTh OfHIET eceHINiaTb-
HOi aMiHOKHCIIOTH POOHTH PAIliOH XapayBaHHS JIIOIUHH
HCTIOBHOIIIHHUM, 1[0 MOXE CTAaTH MPHYUHOIO PO3BUTKY
HHU3KH 3aXBOpIOBaHb opranizmy (Moran-Palacio, 2014;
Waheed, 2019).

BpaxoByrouu IMpoKHii CIeKTp 010J0T1YHOT Aii aMiHO-
KHUCJIOT Ta 1X BIUIMB HA OPTaHi3M JIFOIMHH, TOIIYK HOBUX
JDKepesl TaHuX O10JIOTiYHO aKTHBHHUX PEYOBHH 3aIHINA-
€THCS AKTYAJIbHUM 3aBJIaHHSM Cy4acHO1 (hapmartii.

[IpuBepraroTh yBary HayKOBIIiB HIONO TOIIYKY Ta
CTBOPEHHS HOBHX (hiTOMpenapariB JiKapchbKi POCINHH,
O10JIOTIYHO AaKTHBHI PEYOBHHHM SIKUX BHUPIZHIIOTHCS
KOMIUIEKCHOKO (hapMaKoJIMHAMIKOIO, HE YHHATh TOKCHY-
HOTO BIUIMBY Ha OPTaHi3M JIOAUHU Ta MalOTh M’SIKY JIifO.

OnHi€ro 3 TaKUX NMEPCHEKTUBHUX POCIUH € Achillea
collina J. Becker ex Reichenb. — nepesiii maropOoBwuii,
SIKUI1 Ma€ JIOCTaTHIO CHPOBHHHY 0a3y Ha TepeHax YKpa-
Tau. Llel BUJ BUKOPUCTOBYETHCS B TPATUIIIHHIA MeIu-
[UHI SIK TEeMOCTATHYHUH, MPOTH3AMaIbHIMA, PaHO3aro-
FOBAJIbHUM Ta renaronpoTeKTopHU 3aci6. Ilomepesni
JOCITI/DKEHHSI TTOKa3aid, M0 TpaBa JepeBito maropoo-
BOTO MICTHTh (PJIABOHOINH, T1IPOKCHKOPHYHI KHCIIOTH,
JIETKI CTONMYKH, MyOWIbHI PEYOBUHM, XHUPHI KUCIOTH
(Duyun, 2023; Duyun, 2017).

VY cyuacHiil (axoBiif JiTepaTypi HEMae AAHUX NIPO
BHUBYCHHSI aMIHOKHCJIOTHOTO aHami3y Achillea collina
J. Becker ex Reichenb.

Meta po0OTH — BHBYHATH aMiHOKHCIOTHUH CKJIal
TpaBU JiepeBito maropbosoro (Achillea collina J. Becker
ex Reichenb.) Ta PO3MMUPUTH 3HAHHS MPO XIMIYHHNA
CKJIQJI IbOTO BUJLY.

Marepianu Ta MeTOAU AOCTiT:KeHHSI. PocimHHy
CHPOBHHY — TPaBY JAEPEBil0 Maropo0oBOro — 3ar0TOBIECHO
B 3armopi3bKiii 00JacTi BIPOAOBK (HEeHOJOTrIUHOT (a3u
(uepBenb — xoBTeHb 2017-2018 pp.). CymiHHsS cupo-
BUHH TPOBOIWIN 332 KIMHATHOI TeMIlepaTypu B go0pe

®diroTepanis. Yaconuc

MPOBITPIOBAHOMY IpHUMIIEHHI Ta 30epiraam B mare-
poBHX maketax y cyxomy wmicmi (Marchyshyn, 2021;
Slobodianiuk, 2021).

AHaiiz aMiHOKHCIIOTHOTO CKJIaAy CHPOBHHH IPO-
BOJMJIM METOJOM Ta30BOi XpPOMATO-Mac-CIIEKTPOME-
tpii (Chen, 2010; Vancompernolle, 2016). IlinroroBky
JOCTIJDKYBaHUX 3pa3KiB O XpoMaTorpadyBaHHS BHKO-
HaHO 3a Metoaukoto (Nguyen, 2018).

[nenTudikairo aMiHOKHUCIOT NPOBOAMIN IIISIXOM
MOPIBHSHHS Yacy YTPHMYBaHHS CTaHIAPTHUX 3pa3KiB
aMIHOKHUCIIOT Ta 33 HasSBHICTIO PEIIPE3CHTATUBHUX MOJIe-
KyJSIpHHX 1 (hparMeHTapHHUX i0HIB. XpomarorpadiuHe
PO3JIiNIeHHs 3/11HCHIOBAJIM Ha I'a30Biii XpoMaro-mMac-CIieK-
TpoMeTpuuHid  cuctemi  Agilent  6890N/5973inert
(Agilent technologies, USA). Komonka kaminxsapHa
HP-5ms (30mx0,25mmx0,25mkm, Agilent technologies,
USA). Temmneparypa BunapoBysada 250 °C, remmeparypa
inrepgeiicy 280 °C. Po3mijeHHS MPOBOIWIN B PEKUMI
porpaMyBaHHs TEMITEPATyPU — [IOYATKOBY TEMIICPATYPY
50 °C BuTpuMyBaaH BIIPOIOBK 4 XB, IiIHIMAIIN 3 TPpai-
entom 5 °C/xB mo 300 °C. Kinresy temmeparypy BUTpH-
MYBaJIH BIPoaoBX 5 xB. [Ipo0y 06’eMoM 1 MKJI BBOAMIH
B peXXuMi ofiy moToky 1:50. JleTekTyBaHHS IPOBOIMIN
B pexkumi SCAN y mianazoni (38—400 m/z). I1IBuakicTh
MOTOKY ra3y Hocis uepes konoHky — 1,0 mi/xB (Budniak,
2021; Slobodianiuk, 2022).

KinpkicHHN BMICT aMIHOKHCJIOT BU3HAYaJIM J0Ja-
BaHHSIM BHYTPIIIHBOTO CTAHIAPTY — HOpBaiHy (75 MKr/
3pa3ok). BmicT 3B’A3aHUX aMiHOKHCIIOT BH3HAYAIU BiJl-
HIMaHHSIM BiJl 1X 3araJJbHOTO BMICTY BIJIBHUX aMiHOKHC-
not (Vancompernolle, 2016).

Pe3ysabTraTn fgociigxeHHsi Ta iX 0OroBOpeHHs.
3riiHO 3 MPOBEICHUMH MOCHIPKCHHAMH, Y CHPOBHHI
Achillea collina J. Becker ex Reichenb inenTudikoBaHO
BiNbHI (puc. 1) Ta 3B’s3aHi (puc. 2) aMiHOKHCIIOTH.

OnepskaHi JaHi MIOA0 SIKICHOTO CKJIaay W KiJIbKic-
HOTO BMiCTY aMiHOKHUCIIOT Y TPaBi JIEPEBit0 MaropooBoro
MpeacTaBieHo B Tabmuii 1.

PesynpraTu J0CTi/DKEHb CBig4aTh MPO HAsSBHICTH
y cupoBuHi Achillea collina J. Becker ex Reichenb
14 3B’s13aHUX 1 7 BUIbHUX aMiHOKUCIOT (Tadm. 1)

AHaniz aMIHOKHCIOTHOTO CKJIagy IIOKa3aB, IO
B JOCTI[UKYBAaHOMY BHJi Cepel BIIbHHUX aMiHOKHC-
JIOT JIOMIHAHTHHMH cCrioflykamu Oynmu L-acmapariHoBa
(5,34 mr/r) i L-tmyraminoBa (2,15 Mr/r) Kuciotu Tta
ecceHmianbHi kucnotu L-samin (2,02 mr/r) 1 L-nefinun
(1,94 mr/r). Cepen 3B’s3aHUX aMIHOKHCIIOT JOMIiHY-
BajM He3aMiHHi L-neitimn (13,35 mr/t), L-heninananin
(12,51 mr/r) i L-anin (8,92 mr/r).

[HTEepec HayKOBIIIB NMPHBEPTAOTh HE3aMiHHI (€CCEHIIi-
ajbHi) aMiHOKMCIOTH L-nediua Ta L-BamiH. 3arajibHuii
BMmicT L-Baniny cranoBuB 10,94 mr/r; L-netitmay — 15,29 Mr/r.
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Ta6muis 1
AmMiHokucJ0THUH ckiaan cupoBuHu Achillea collina J. Becker ex Reichenb
AMiHOKHCTIOTH Yac yrpum., XB 3aranoni 3B’s3aHi Mr/r Biabui
Mmr/r mr/r
L-ananin (Ala) 14,76 6,59 6,59 H/B
Tnitwmn (Gly) 14,83 7,18 5,58 1,60
L-anin* (Val) 18,62 10,94 8,92 2,02
nor-Val 19,65 BHYTPIIIHII cTaHIApT
L-neituua™* (Ley) 20,83 15,29 13,35 1,94
L-cepun (Ser) 20,9 0,93 0,93 H/B
L-tpeonin* (Thr) 21,28 2,25 2,25 H/B
L-izoneiinuua* (Ile) 21,80 2,02 2,02 H/B
L-nponin (Pro) 22,06 12,54 12,54 H/B
L-acmapariu (asn) 22,21 H/B H/B H/B
L-acnaparinosa k-ta (Asp) 23,96 8,68 3,34 5,34
L-rmyminosa k-ta (Glu) 26,90 3,51 1,36 2,15
L-metionin*(Meth) 27,22 1,02 1,02 H/B
L-miuctein (Cys) 29,21 H/B H/B H/B
L-¢eninananin*® (Phe) 29,82 12,51 12,51 H/B
L-rmyramin (Gln) 32,03 H/B H/B H/B
L-nizua*(Lys) 35,97 6,16 4,95 1,21
L-rictugua* (His) 37,09 H/B H/B H/B
L-tuposun (Tyr) 38,98 5,22 4,13 1,09
L-tpunrrodpar™ (Trp) 45,09 H/B H/B H/B
CyMapHUii BMiCT 94,84 79,49 15,35

IMpumiTku:
1. * — He3aMIHHI aMIHOKHCIIOTH.
2. H/B — HE BUSABJIEHO.

3 Kepern JiTeparypu BiioMo, o L-neiiH € aMiHOKHCIIO-
TOFO 3 OlomocTyTHICTIO TIoHA 96 %. Lle onHa 3 TphOX ami-
Hokucnot (L-paiin, L-neiiiun ta L-i3oneiiimH), sKi MaroTh
posranmyxernunii naHror (BCAA). L-nevinmH  3armo6irae
TINOMIIKEMIT Ta CTUMYIIIOE CEKPELIiI0 1HCYiHY, BIUIUBAE HA
BUBUIGHEHHSI COMATOTPOIIIHY, BUCTYIIAE SK aHTHOKCHIAHT
1 34aTHUI 3aXMIIATH KIIITUHN Tiedinkd. Hecraya L-neimny
B OpraHi3Mi MPU3BOIUTH JI0 3aXBOPIOBAHb TICUIHKH, aHEMIl,
TMOBLUIBHOTO 3ar0€HHs paH ToIo. Hecraua L-nelinuny Takox
HETaTUBHO BIUIMBAE Ha cuHTe3 Oika (Pedroso, 2015; Duan,
2016). L-ayiH BIJIMBa€e HAa BUBCJCHHS HAJUIMIIKY a30TU-
CTHIX CIIOJIYK 3 OPI'aHi3My Ta Ma€ 31aTHICTh IPOSIBIISITH aHTH-
OKcHaHTHI BinactuBocTi (Mbaye, 2019).

JlominaHTHa aMiHOKHUCIIOTa L-(eHTananiH pazom
3 L-tuposunom ta L-Tpunrodanom d6epe ydacts y CHUH-
Te31 HelipomeiaropiB. BoHa peryitoe piBeHb g0hamMiHy
Ta TMPU3HAYAETHCS JEOMSM, SIKI CTPAXKIAIOTh Ha JeTpe-
CUBHI pO3JIaJy, BUSBISE ceOe SK HOOTPOII, MOJIMIIYE
KOTHITHBHI BJIACTUBOCTI Ta Oepe yyacTb y CHHTE31 KoJia-
reny (Flydal, 2013; Sarodaya, 2022).

CymapHuif BMICT 3B’SI3aHMX aMiHOKHCJIOT Yy TpaBi
JIEpEeBit0 MaropOOBOro CTaHOBUB 79,49 MI/T, cymMapHHiA
BMICT BITBHHX — 15,35 mMr/T.

VY nociipKyBaHii CHPOBHHI HE BUSIBIICHO 31 3B’ SI3aHUX
amiHokucnoT L-acmapariny, L-mayTtaminy, L-nucreiny,
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L-rictuauny i L-tpunrtodany; 3 BiTbHUX — L-anaHiny,
L-cepuny, L-tpeoniny, L-i3omneiuH, L-npominy, L-acmna-
pariny, L-metioniny, L-niucreiny, L-rmytaminy, L-rictu-
muny, L-deninananiny ta L-rpuntodany (tadm. 1).

TpaBa aepeBito maropoOBOro MiCTUTh 7 HE3aMiHHUX
amMiHOKHCIOT — L-Tpeonin, L-Banin, L-meTtionin, L-i30-
neinuH, L-neiinun, L-deninananin i L-nisuH, cymap-
HUH BMICT sikux ctaHoBuB 50,19 mr/r. CymapHuiA BMiCT
BIILHMX HE3aMIHHMX aMiHOKHCJIOT CTaHOBMB 5,17 MIT/T,
3B’ s3anHux — 45,02 mMr/T.

3 JpKepen JliTepaTypH BiIOMO, IO BiJCYTHICTH a0o
HEJIOCTATHICTh HE3aMIHHUX aMIiHOKHCIIOT CIPHYUHSIE
HEraTUBHUI a30THUI OaaHC, TPU3BOAUTH JIO 3aTPUMKHU
pOCTY Ta pO3BUTKY OpPTaHi3MY, 10 3MCHIIICHHS MaCH TiJIa,
HOpYyIIy€eTbcd OOMIH PEYOBHH. SIKIO B palioHi Hema
xoua O OJHI€l 3 HE3aMIHHMX aMiHOKHCIIOT y JOCTaTHIH
KIJIBKOCTI, OJIOKY€TbCSI HOpMasbHUI cuHTe3 Oinka (I'on-
cekmit, 2002).

ITpoBenenuil anani3 cBiTUUTH NPO NEPCIEKTUBHICTh
BUKOpUCTaHHS Achillea collina J. Becker ex Reichenb six
MOTEHIITHOTO MPUPOIAHOTO JPKEpesia TaKuX 01070TiUHO
AKTHBHUX PEYOBHH, K aMIHOKHCIIOTH.

BucHoBkmu.

1. Bnepuie npoBeieH0 BUBUEHHSI aMiHOKHCJIOTHOTO
cruiany cuposunu Achillea collina J. Becker ex Reichenb.
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BceranosiieHo HasiBHicTh 14 amiHOKHCIOT (30KpeMa,
7 He3aMiHHHX) TA BU3HAYEHO iX KiIbKiCHUIi BMICT.

2. JIoMiHAHTHUMHM  BiIBHUMHM  aMiHOKHCJIOTAMH
yTpagiaepesitonaropoosoroeL-acnaparinosa(5,34mr/r)
i L-miyraminoBa (2,15 wmr/r) kucioru, L-Banin
(2,02 mr/r) ta L-neiiuun (1,94 mr/r); 3i 38 s13aHuX —
L-neitun (13,35 mr/r), L-npoiin (12,54 mr/r), L-deni-
nananin (12,51 mr/r) i L-Banin (8,92 mr/r). EccenuiaabHi

kuca0Tu L-neiinmH i L-Banin BUsiB/IeHO sIK cepe Bijib-
HUX, TaK i cepe/ 3B’ I3aHUX AMiHOKHUCJIOT.

3. Onep:kani AaHi PoO3MIHMPIOIOTH 3HAHHA TPO
ximiuHuii ckaag cuposunu Achillea collina J. Becker
ex Reichenb. i cBiguaThb NpPO mNepPCHEKTHBHICTH
NMOJAJbIIUX J0CHiI:KeHb TPaBU JepeBil0 nmaropoo-
BOI0 fIK /IZKepesia aMiHOKHUCJIOT /151 PO3POOKH HOBHX
BiTUM3HSAHUX JIiKapCbKUX 32C00iB.
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ACUTE TOXICITY, ANTI-INFLAMMATORY AND HYPOAZOTEMIC ACTIVITY STUDY
OF ANEMONE NEMOROSA EXTRACTS IN RATS

Actuality. The widespread use of herbal drugs with anti-inflammatory and nephroprotective properties stimulates the search for
new active biological substances. Of particular interest are plants from the Ranunculaceae family, especially Anemone nemorosa,
which contains a range of potentially bioactive components such as anemonin, protoanemonin, and others. Understanding the acute
toxicity, anti-inflammatory, and hypoazotemic activity of Anemone nemorosa extracts opens possibilities for the development of new
therapeutic agents based on this plant.

Materials and methods. Ethanol extracts were obtained from the aerial parts of Anemone nemorosa harvested during the flowering
period. The study included the examination of oral acute toxicity conducted on Wistar rats over 14 days, anti-inflammatory activity
using the carrageenan-induced paw edema method in Wistar rats, and hypoazotemic activity on models of healthy and acute renal
failure in Wistar rats.
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Results. The extracts showed no acute toxicity at the administered dose. It was established that the oral administration of the
extracts is non-toxic up to a dose of 200 mg/kg body weight. The anti-inflammatory tests did not reveal significant therapeutic effects.
However, the hypoazotemic tests demonstrated a reduction in blood urea and creatinine levels, and an increase in these indicators in
urine, especially under conditions of acute renal failure, indicating a strong diuretic effect of the extracts.

Conclusions. The Anemone nemorosa extracts exhibited strong hypoazotemic and diuretic activity, which may be beneficial for
the treatment of kidney diseases. The absence of anti-inflammatory activity requires further analysis and possible modification of
extraction methods. The study results support the potential use of this plant in developing new nephroprotective phytopreparations.

Key words: Anemone nemorosa, Ranunculacea, extracts, acute toxicity, anti-inflammatory activity, hypoazotemic activity
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JOCJIIXEHHSA rOCTPOI TOKCUYHOCTI, MPOTU3AMMAJIBHOI
TA I'IMOA3OTEMIYHOI AKTUBHOCTI EKCTPAKTIB ANEMONE NEMOROSA HA IIIYPAX

Axmyansnicms. [lupoxe 3acmocysannsa imonpenapamie 3 npomu3anaibHUMu ma HeGpONpoOmMeKmusHUMY 61acU80Cmamu
CIMUMYNIOE NOULYK HOBUX AKMUGHUX bionociunux pevosun. Ocobnusuil inmepec cmanonams pocaunu poounu Ranunculaceae, 30kpema

®ditorepanis. Yaconnc Ne 2, 2024 191 ==




Bionoria. Papmauin

Anemone nemorosa, ika MiCmums HU3Ky HOMeHYIUHO OI0I02IYHO AKMUSHUX KOMIOHEHMIB, AK-0N AHEMOHIH, NPOMOAHEMOHIH Ma THWI.
Poszyminna cocmpoi mokcuunocmi, npomuzananbioi ma 2inoazomemiunoi akmueHoCcmi ekcmpakmie Anemone nemorosa cmeoploc
MONCIUBOCHIT 0151 PO3POOKU HOBUX JIIKYBALHUX 3AC00i6 HA IT OCHOBI.

Mamepianu ma memoou. Emanonvni ekcmpakmu 00epicy8anu 3 Ha03emHoi wacmunu Anemone nemorosa, sAKy 3a20mogusiu
6 nepioo ysiminns. Jlocaiodcenns nepedbawano euueHHs NepopalbHoi 20Cmpoi MoKCUuHOCmi, Ky nposoounu Ha wypax Wistar npo-
mseom 14 Onis, npomuszananibHoi AkMuEHOCMI MENMOOOM Kapa2eHaAH-IHOYKOBAHO20 HAOPAKY 3a0Hbol 1anu wypis Wistar, ma cinoazome-
MIUHOT aKMUBHOCIMIT HA MOOENSAX 300POBUX | X6OPUX HA 20CMPY HUPKOBY HedocmamHicme wypie Wistar.

Pesynomamu oocnioxncenna. Excmpaxmu noxkasanu 8i0Cymuicms 20Cmpoi moKCUYHOCMI npu UKOPUCTAHHI 6Ka3aH0i do3u. Bema-
HOBIEHO, WO NPU NEePOPAbHOMY 86€0€HHI eKCMPaKkmu € HemoKkcudni 0o pisus 0ozu 200 me/ke macu mina. [lpomusananvhi eunpo6y-
6AHHA He BUABUNU 3HAYHO2O MePanesmuiHo2o egpekmy. Boonouac einoazomemiuni 6unpo6y8ants npooemMoHCmMpY8anu 3HUICCHHS Pig-
HiG ceu08UHU Ma KPeamuHiny 8 Kpo8i ma 30i1bulenHs yux iHOUKamopis y ceyi, 0CoOIU80 8 yMosax oCmpoi HUPKOBOi HeOOCMamHocmi,
Wo CceIOUUMb NPO CUTbHULL CEHOTHHULL e(heKm eKCmpaKmis.

Bucnoeku. Excmpaxmu Anemone nemorosa 6usguiu CUIbHy 2in0azomemiuny ma cevo2iniy akmueHicmo, ujo modice Oymu Kopuc-
HUM O TIKY8ANHSA 3aX60PI06aHb HUPOK. Biocymuicme npomusananbioi akmusHocmi nompebye nooansiio2o ananisy ma mMoiciugoi
Moougixayii memodis excmparxyii. Pezyriomamu 00Cniodcens niompumyioms HOMeHyianl UKOPUCMAHHSL Yiel pOCIuHU 0 pO3POOKU

HOBUX HeghponpomekmueHux gimonpenapamis.

Knrouosi crosa: Anemone nemorosa, Ranunculacea, excmpakmu, cocmpa MOKCUYHICNB, npomusandajloHd akmusHicme, 2inoaso-

memiuHa akmueHiCmb.

Introduction. Azotemia or hyperazotemia is a
biochemical condition characterized by an abnormally
high level or buildup of nitrogen-containing compounds
(such as wurea, creatinine, various body waste
compounds, and other nitrogen-rich compounds) in the
blood. Azotemia is quite common; it is responsible for
8 % to 16 % of hospital admissions and, moreover, is
associated with a significantly higher risk of mortality
(Tyagi & Aeddula, 2019). The main cause of azotemia
is a renal failure of different genesis and the following
decrease of excretory renal function. Renal failure is
divided into acute (ARF) and chronic (chronic kidney
disease, CKD) (Akcay, Turkmen, Lee, & Edelstein,
2010). The ARF is caused by systemic diseases such
as a manifestation of an autoimmune disease, e.g.
lupus nephritis, crushing injury, contrast agents, some
xenobiotics such as gentamicin, cysplatin and more.
Very often the ARF occurs due to multiple processes.
The most common cause of CKD is diabetes mellitus,
followed by high blood pressure and glomerulonephritis
(Vos et al., 2016). Nowadays, the prevalence of chronic
and acute kidney diseases has a progressive character
and is increasing, especially in developed countries. It is
closely related with the spread of arterial hypertension,
metabolic syndrome and diabetes mellitus etc.

According to modern conceptions, oxidative stress
and inflammatory response play significant roles in
the progression of ARF and CKD (Kao, Ang, Pall, &
Struthers, 2010; SMALL, COOMBES, BENNETT,
JOHNSON, & GOBE, 2012). The various plants and their
phytopreparations with antioxidant and anti-inflammatory
properties are a promising and popular source of the
development of new nephroprotective drugs. Generally,
the popularity of phytopreparations for the treatment
of pathological processes besides the main therapeutic
effect is due to a number of factors: complex effects
on the body, including the normalization of vitamin
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balance; correction of metabolic and immunological
disorders at the cellular level; low toxicity and many
years of experience of ethnopharmacological uses. But
the range of hypoazothemic phytopreparations is rather
limited. Thus, it is necessary to search for new products
on the basis of the available raw plant materials. The
plants of Ranunculaceae family are considered to be a
promising source for the development of hyperazotemic
and nephroprotective phytopreparations. The Nigella
sativa (Ranunculaceae) has therapeutic potential due
to the presence of thymoquinone (Ahmad et al., 2013),
which prevents the development of gentamicin-induced
acute renal toxicity in rats (Sayed-Ahmed & Nagi,
2007). In addition, the administration of N. sativa extract
reduces toxic effects of cisplatin in a cisplatin-induced
nephrotoxicity (Hosseinian et al., n.d.); N. sativa oil
(Bayrak et al., 2008) and ethanolic extracts (Hosseinzadeh
& Montahaei, 2007) are effective free radical scavengers
and protect tissues from renal ischemia/reperfusion
injury. The ethanolic extract from the root of Aconitum
Heterophyllum (Ranunculaceae) demonstrated good
hyperazotemic activity in glycerol-induced model (Konda,
2016) and the antioxidant mechanism (increase of the
superoxide dismutase, catalase and glutathione peroxidase
activities) is the underlying therapeutic effect. On the other
hand, plants from Ranunculacea are interesting as a source
for phytopreparations with anti-inflammatory action
due to the presence of anemonin and ranunculin, which
possess anti-inflammatory properties. Due to our interest
and systematic studies of pharmacological properties
of Ranunculacea (Lukianchuk, Khropot, Konechnyi,
Konechna, & Novikov, 2017), this paper is focused on
the in vivo study of acute toxicity, anti-inflammatory and
hypoazotemic activity of alcoholic extracts of the herb
Anemone nemorosa (Ranunculacea).

Anemone nemorosa is a herbaceous perennial plant
of the buttercup (Ranunculaceae) family. A. nemorosa
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herb contains: alkaloids, glycosides (protoanemonin,
anemonin, ranunculine, some types of saponins,
tannins), vitamin C, resins, organic acids (chelidonic
acid, coumarins, flavonoids, etc. Besides, y-linolenic
acid was found in seed oil. The main active substance
of A. nemorosa is protoanemonin. During the drying
of the herb, protoanemonin is converted into anemonin
(Lukianchuk et al., 2017).

Materials and methods. The herb of A. nemorosa
was collected in the Lviv Region, Scole district, Ukraine
in March of 2022 and was air dried. The herb of A.
nemorosa was used in the experiments in the form of a
water-ethanol extract with code name A-2 (solvent — 40°
ethanol, ratio of the raw material and ethanol — 1:40) and
code name A-3 (solvent — 70° ethanol, ratio of the raw
material and ethanol — 1:40). Ethanol extracts Anemone
nemorosa L. contain phenolic compounds, flavonoids,
tannins,  hydroxycinnamic  acids, hydroquinone
derivatives, alkaloids, and anthocyanins.

Before administration to the animals, ethanol was
removed from the liquid extract by evaporation in a
water bath to 1/3 of the initial volume and distilled water
was used to bulk the extract to the original volume.

Animals

The experiment was performed on white male and
female albino Wistar rats weighing 180-220 g (for the
anti-inflammatory assay, only male rats; for the acute
toxicity assay, both sexes rats were present). All animals
used for this study were kept in standard cages and
maintained under controlled laboratory conditions of
temperature (22+3°C), humidity, 12 hours day-12 hours
night and had free access to food (standard pellet diet)
and water ad libitum. The animals were treated humanely
throughout the study period adhering to the Guide for
the Care and Use of Laboratory Animals according to
the Declaration of Helsinki (Bray et al., 2018; Institute
of Laboratory Animal Resources (US). & Committee on
Care, 1986; Suckow MA, Stevens KA, Wilson RP, 2012).

Acute toxicity

The acute toxicity study was performed on 56 albino
Wistar rats of both sexes (28 males and 28 females). The
animals were kept on a standard diet with free access
to food and water during the experiment. The rats were
allocated to 7 groups (8 animals per group). Prior to
the treatment, animals were weighed, marked, and not
allowed to take food overnight without suppression of
water intake. Animals of the control group received
distilled water, whereas in the treated groups the freshly
prepared alcohol extracts from the herb of 4. nemorosa
(A-2 and A-3) were intragastrically administered with a
metal probe as single doses of 5000 mg/kg, 10000 mg/kg,
15000 mg/kg body weight. The maximum dose
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for IV class toxicity, 5000 mg/kg, was chosen as
a marker dose for acute toxicity study under the
conditions of intragastric administration in accordance
with the guidelines (Stefanov OV, 2001). After the
administration, food was withheld for a further 3-—4 h
while animals were observed individually during the
first 30 min, then at 2, 4, 6 h post-administration, and
afterward once daily over 7 days for clinical signs of
toxicity, such as mortality, respiratory pattern, changes
in general behavior, skin, eyes, fur, and somatomotor
activity. General characteristics of animals (eye, touch,
activeness of animal, movement, etc.) before treatment
and after treatment were observed without any specific
scoring method or instrument involvement. The animals
were observed for 14 days.

Anti-inflammatory (antiexudative) assay

40 male albino rats weighing 180-220 g were
used for the antiexudative activity study. The selected
animals were randomly divided into 5 groups of 8. The
carrageenan-induced hind paw oedema was produced
by the method originally described by Winter (Winter,
Risley, & Nuss, 1962).

Carrageenan solution (1.0 % in sterile 0.9% NaCl)
was injected subcutaneously into the subplanar
region of the hind paw (0.1 mL in each paw) 1h after
the administration of the tested extract. Diclofenac
(“Diclofenac sodium”, “Zdorovja narodu”, Ukraine) at
a dose of 8 mg/kg, Ketorolac (“Ketanov”, “Terapia SA”,
Romania) at a dose of 10 mg/kg were used as reference
drugs. Control rats received only saline solution with
one drop of Tween-80™. The tested alcoholic extracts of
the herb A. nemorosa (A-2 and A-3) were administered
orally at a dose of 2 ml/kg (with one drop of Tween-
80™)  All reference drugs and tested extracts were
injected 40 minutes before the carrageenan injection.
The hind paw volume was measured with an electronic
oncograph immediately before and 4h after carrageenan
injection. The antiexudative activity (AEA), expressed
as a decrease of the rats’ paw oedema, was calculated
using the equation and was expressed in percentage:

AVcontrol — AVexperiment

AEA,% =
% AVcontrol

100 %,

where:
AVcontrol and AVexperiment are the mean values of
the volume difference for control and treated animals,
respectively.

The hypoazotemic activity assay

The study of hypoazotemic activity of the alcoholic
extracts from the herb of 4. nemorosa (A-2 and A-3)
was performed on healthy (intact) animals and animals
with acute renal failure (ARF). The experiment involved
64 white rats that were randomly divided into groups of

193 ==

Ne 2, 2024



Bionoria. Papmauin

8 for both stages of the experiment. The tested extracts
(at a dose of 2 ml/kg) and reference drug Lespephril
(“Lubnyfarm”, Ukraine) at a dose of 2,0 ml/kg were
orally administered for 10 days in the experiment with
intact animals. After the end of the experiment the daily
urine output and samples of blood from the animals
were collected for biochemical tests. Acute renal failure
(ARF) was modeled by a single intraperitoneal injection
of mercury (II) chloride at a dose of 2 mg/kg. The tested
extracts (at a dose of 2 ml/kg), reference drug Lespephril
(“Lubnyfarm”, Ukraine) at a dose of 2,0 ml/’kg were
orally administered for 10 days, starting one day before
the injection of mercury (II) chloride. Animals from the
“Control (ARF)” group received distilled water during
the experiment. The urine samples were collected on the
final day of the experiment. The animals were decapitated
(under light ether anesthesia) at the end of the experiment,
and samples of blood were collected for biochemical tests.
The severity of ARF and therapeutic effects of the tested
extracts were evaluated using urinalysis (performed using
CITOLAB 11 Test (Pharmasco Ltd., Ukraine); urea and
creatinine levels in serum and urine (tested using standard
reagent kits from CORMAY on automatic analyzer
ACCENT-200 (PZ Cormay, Poland)); sodium (Na+)
levels in serum and urine (tested using lon Selective
Electrode (ISE) analysis, EASYLYTE PLUS Na/K/Cl
analyzer, Medica Corp., USA).

Statistical analysis

All data were processed using the statistical
software package Statistica 10.0 (Statsoft/Dell, Tulsa,
OK, USA). The descriptive statistics of the data in
the tables include mean + standard error of the mean
(SEM) or mean + standard deviation. Significance was

assessed by using the one-way ANOVA followed by
t-test. Values were considered statistically significant
when P value is less than 0,05.

Results and discussion

Acute toxicological evaluation

In the acute toxicity study, different doses of the
alcoholic extracts of the herb 4. nemorosa A-2 and A-3
were orally administered to rats for 14 consecutive days.
After intragastric administration of the extracts A-2 and
A-3 at a dose of 5000 mg/kg no signs of intoxication
were observed in rats. The animals were clean, active,
had a satisfactory appetite, responded to sound and light
stimuli, urinary and defecation processes and general
behavioral parameters were normal, breathing disorders
and tremors were not noted (table 1).

Reflex excitability in all animals has been preserved.
Immediately after the administration of the tested extracts
at doses of 10000 and 15000 mg/kg short-term motor
retardation of animals was observed due to the excessive
fluid accumulation in the stomach, even though it was not
observed at a dose of 5000 mg/kg. Subsequently, changes
in appearance and behavior were not noted. Observation
of the dynamics of body weight of the rats showed no
differences when compared to the intact control group,
and animals of both groups were evenly gaining weight
(table 2). No deaths of the experimental animals were
detected within 2 weeks of surveillance.

Therefore, the alcoholic extracts of herb A. nemorosa
A-2 and A-3 at oral doses 5000 mg/kg and more show no
signs of toxicity or mortality in the animals.

Anti-inflammatory activity

The carrageenan-induced hind paw oedema was used
for in vivo anti-inflammatory activity evaluation of the

Table 1

Behavioral responses and general appearance of the rats treated with the alcoholic extracts
of the herb A. nemorosa (A-2 and A-3) in acute toxicity study (M+m, n=8)

Intact 40 % Alcohol extract (1:40) 70 % Alcohol Extract (1:40)
Observation animals of herb A. nemorosa A-2, mg/kg of herb A. nemorosa A-3, mg/kg
5000 10000 15000 5000 10000 15000
Temperature Normal Normal Normal Normal Normal Normal Normal
Change in skin No effect No effect No effect No effect No effect No effect No effect
Eye color change No effect No effect No effect No effect No effect No effect No effect
Food intake Normal Normal Normal Normal Normal Normal Normal
General physique Normal Normal Normal Normal Normal Normal Normal
Diarrhea Not present | Not present | Not present Not present Not present Not present Not present
Coma Not present | Not present | Not present Not present Not present Not present Not present
Drowsiness Not present | Not present | Not present Not present Not present Not present Not present
Breathing difficulty Not Not Not observed | Not observed | Not observed | Not observed | Not observed
observed observed
Sedation No effect No effect No effect Observed No effect Observed Observed
Tremor Not present | Not present | Not present Not present Not present Not present Not present
Death Alive Alive Alive Alive Alive Alive Alive
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alcoholic extracts of the herb 4. nemorosa A-2 and A-3.
A strong inflammatory process with the rats’ hind limb
volume increases up to 125,5 % (compared to healthy
conditions before the start of the experiment) was observed
in the untreated group (pathology model) after 4 h after the
injection of 1,0% carrageenan solution (table 3, fig. 1).

In these conditions, the reference drugs Diclofenac
sodium (8,0 mg/kg) and Ketorolac (10,0 mg/kg) cause
a decrease in the volume of the rat paw. The increase of
the rats’ hind limb volume was only 70,1 % and 79,2 %
respectively, compared to healthy conditions.

Unfortunately, the tested extracts A-2 and A-3 did
not reveal an anti-exudative effect in the carrageenan test
in white rats. Moreover, the A-2 demonstrated slightly
phlogogenic properties and provoked the development of
an inflammatory process with value negative inflammation
inhibition of -7,2 %. As for the extract A-3, the value of
inflammation inhibition of the inflammatory reaction was
very low and was only 1,83 %.

The study of hypoazotemic activity

The study of hypoazotemic activity of the alcoholic
extracts of the herb 4. nemorosa A-2 and A-3 was
performed on healthy rats and on rats with acute renal
failure (ARF) induced by mercury dichloride. In
the experiment with healthy animals the statistically
insignificant increase in 24-hour diuresis at 16,6 %, was
observed in the group treated with Lespephril at a dose of
2,0 ml/kg compared to the intact group (table 4, fig. 2).

In the same conditions, the treatment by the extracts
of the herb A. nemorosa A-2 and A 3 provoked a strong
diuretic action. The total 24-hour diuresis increased up
to 183 % for A-2 and 70,4 % for A-3 (p<0,05) compared
to the intact animals. A statistically insignificant
decrease in urea and creatinine levels in blood serum
was observed in healthy animals treated with Lespephril
and the extracts A-2 and A-3 compared to the intact
control group.

The decrease of the urea level in the blood was 14 %
in the group treated with Lespephril, 11 % in the group
treated with A-2 and 9 % in the group treated with A-3
compared to the intact animals. The creatinine level in
blood was decreased slightly less than the urea level
compared to the intact animals and was lowered by 11 %
in the group treated with Lespephril, by 9 % in the group
treated with A-2 and by only 4 % in the group treated
with A-3. At this time, the urea concentration in urine was
higher by 10 % in the group treated with Lespephril and
by 7 % in the groups treated with A-2 and A-3 compared
to intact rats. The change in creatinine concentration in
urine was more distinct than the respective urea level
and its concentration was higher by 34 % in the group
treated with Lespephril, by 22 % in the group treated
with A-2 and by 28 % in the group treated with A-3
compared to intact control group. The concentrations
of ionized sodium (Na+) in the blood and urine of the
experimental animals were practically unchanged in the

Table 2

Body weight assessment of the rats treated with the alcoholic extracts of the herb A. nemorosa
(A-2 and A-3) in acute toxicity study (M+m, n=8)

Doses, s Body weight, g

Groups/Parameters mg/kg N/N 1 day 3 day 7 day 14 day
Intact animals - 0/6 193+4 19642 20043 21143
40 % Alcoholi 1:40) of the herb 5000 0/6 19243 198+3 204+3 21543
0 Alcoholic Extract (1:40) of the her 10000 0/6 192+3 19753 | 202%3 | 214+3

A. nemorosa A-2
15000 0/6 190+2 19642 203+2 212+3
70 % Aleoholic E 1:40) of the hetb 5000 0/6 19243 198+3 20443 21343
o Alcoholic Extract (1:40) of the her 10000 0/6 19343 198+3 2032 21443

A. nemorosa A-3
15000 0/6 19043 196+2 20143 21343

Notes: N/N’— Number of dead animals/number of surviving animals.
Table 3

In vivo anti-inflammatory activity of the alcoholic extracts of the herb 4. nemorosa A-2 and A-3
on carrageenan-induced paw oedema in rats (M+m, n=8)

Groups/Parameters Doses Bat hind limb volume . l n.ﬂ.a mmation
increase, 4 hours, % inhibition, % (AEA)
Carragenan (Pathology model) 1 %, 0,1 ml 125,5 -

Diclofenac sodium 8,0 mg/kg 70,1 44,1

Ketorolac 10,0 mg/kg 79,2 36,9

40 % Alcoholic extract (1:40) of the herb 4. nemorosa A-2 2,0 ml/kg 134,6 -7,2
70 % Alcoholic Extract (1:40) of the herb A. nemorosa A-3 2,0 ml/kg 121,8 2,9
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Anti-inflammatory actitvity of alcohol extracts of herb A. nemorosa
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Fig. 1. In vivo anti-inflammatory activity of alcohol extracts
of herb A. nemorosa A-2 and A-3 on carrageenan-induced paw oedema in rats
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Fig. 2. Effects of the alcoholic extracts of the herb A. nemorosa
(A-2 and A-3) on diuresis; urea, creatinine and Na+ levels in serum
and urine in healthy animals and in rats with acute renal failure (ARF)

Table 4

Effects of the alcoholic extracts of the herb A. nemorosa (A-2 and A-3) on diuresis; urea, creatinine
and Na+ levels in serum and urine in healthy animals and rats with acute renal failure (M+m, n=8)

. . Serum Urine
Groups/ D1ures1s2 ol Urea. Creatinine Na* Urea Creatinine. +
Parameters /100g/24h mmol/L pmol/L ’ mmol/L mmol/L mmol/L. ~ | Na', mmol/L

Intact animals 5,4+0,7 5,5+0,9 43,8439 147,9£3,5 86,3+5,9 12,6423 74,6+3,1
Lespephril, 2,0 ml/kg 6,3+0,5 4,2+0,6% 39,4+3,2% 149,1£3,9 95,3+7,3% 16,9+2,3%0 75,3£3,0%°

A-2,2,0 ml/kg 15,3+1,4%% | 4.940,7* 40,4+3,6™ 149,5¢3,3 | 92,3+8,1*° 15,4+2,3%0 74,9+4,1%0

A-3, 2,0 ml/kg 9,2+£0,9%a 5,1+0,6*° 42,243,1% 150,4+4,1 92,7+7,9%P 16,2+2,3%0 75,8+4,9%0

Control (ARF) 1,940,4*: 10,7+1,3*2 103,5+7,2% 156,1+4,8 | 53,7+6,4* 5,9+1,5% 101,544,9"
ARFrLespephril 201 4,020,6 7810 | 62,7470 | 149,841 | 71,6+6,9 103£1,9 | 86,2+4,2%
ARF+A-2,2,0 ml/kg | 12,541,6%% | 8,7+0,9* 77,7+7,0% 151,3£5,5 | 64,7+4,9% 9,2+1,7%2 90,7+5,2%2
ARF+A-3, 2,0 ml/kg 7,9+1,3% 8,3+0,6%¢ 83,9+9,4% 150,744,8 | 67,3+5,1* 9,3+1,3% 89,2+4,9%:

Notes: ARF — acute renal failure; * p<0,05; #p<0,001; a — significant compared to intact rats; b — significant compared to control

rats (ARF).
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Table 5

Urinalysis of rats after the administration of the alcoholic extracts of the herb A. nemorosa (A-2 and A-3)
under the conditions of acute renal failure (M+m, n=8)

Groups / Intact animals | Control (ARF) | Lespephril, 2,0 A-2,2,0 ml/kg A-3,2,0 ml/kg
Parameters ml/kg
Specific gravity 1015+5 >1030 1020£5 10005 1010+5
pH 6,9+0,3 8,14+0,2 7,3+0,3 7,4+0,3 7,4+0,3
Proteine N N N N N
Urobilinogen N N N N N
Glucose N N N N N
Bilirubin N N N N N
Ketone N N N N N
Nitrite N N N N N
Occult blood N N N N N

Notes: ARF — acute renal failure; N — negative.

experiment in healthy animals. Thus, the administration
of the alcoholic extracts of the herb 4. nemorosa A-2
and A-3 to healthy rats displays moderate hypoazotemic
action and has a positive impact on the decrease in urea
and creatinine levels in serum and the increase in the
levels of these metabolites in urine. The hypoazotemic
effects of the tested extracts A-2 and A-3 are practically
equivalent to the effect of the plant drug Lespephril.
The administration of mercury chloride (II) solution
to the laboratory animals causes the development of
acute renal failure (ARF) accompanied with azotemia,
oliguria, decrease of diuresis and glomerular filtration
rate, an increase in the kidneys weight index with
simultaneous temporal activation of lipid peroxidation
processes in the kidneys. In our experiment we observed
the classic symptoms and pattern of the ARF in rats on
the 10th day after the injections of mercury chloride (II)
solution at a dose of 2 mg/kg. The decrease of 24-hours
diuresis at 65 % (p<0,05) and a significant increase
of the urine specific gravity of more than 1030 and of
pH to 8,1£0,2 was observed in animals from the ARF
group compared to the intact animals (Table 5). The urea
and creatinine levels in serum have been significantly
increased, at 94 % (p<0,05) and at 136 % (p<0,05)
respectively, in comparison to the intact group (table 5).
Atthe sametime, the creatinine and urea concentration
in urine in the ARF group tended to decrease and was
at 54 % (p<0,05) and 38 % (p<0,05) lower than in
intact animals, which is the evidence of the kidneys’
excretory function disorders of the experimental animals
(Gozhenko AI, Fedoruk OS, 2002; Kemertelidze,
Syrov, Alaniya, Kavtaradze, & Khushbaktova, 2008;
Mariya Leleka, Olha Zalis’ka, & Galyna Kozyr, 2016;
Semenyshyn, Atamanyuk, Rymar, Ivashchuk, &
Hlukhaniuk, 2020). The clear disruption of the sodium
ions (Na+t) transport caused by mercury chloride (II)
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administration was manifested in the significant increase
in its concentration in urine (at 36 %, p<0,001), and a
decrease in its concentration in blood.

The use of Lespephril and the extracts A-2 and A-3
had a positive effect on animals with ARF (Tables 4,5).
The 24-hour diuresis in group ARF+Lespephril increased
by 110 % (p<0,05) compared to ARF group and was
26 % less than in intact animals. The administration
of extracts A-2 and A-3 under the ARF conditions
provoked a strong diuretic effect. The 24-hour diuresis
in ARF+A-2 group was the highest at 531 % (p<0,001)
and 131 (p<0,05) compared to the ARF group and the
intact animals, respectively. In the ARF+A-3 group the
24-hour diuresis was the highest at 315 % (p<0,05) and
26 % compared to the ARF group and the intact animals,
respectively. The decrease of urine specific gravity to
102045 (ARF+Lespephril), 1000+5 (ARF+A-2) and
1010£5 (ARF+A-3) was observed for all animal groups
which received the treatment. The normalization of the
pH level was noted as well and its values were 7,3+0,3
in the ARF+Lespephril group and 7,4+0,3 in groups
ARF+A-2 and ARF+A-3.

Levels of creatinine, urea and sodium ions (Nat)
concentration in the serum in groups ARF+Lespephril,
ARF+A-2, ARF+A-3 were lower in comparison to the
level of the ARF group and higher than in intact animals.
The use of Lespephril under the ARF conditions causes
a decrease in the creatinine level in blood by 40 %
(p<0,05) compared to the ARF group and this level is
43 % (p<0,001) higher than in intact animals. The urea
level in the blood of an animal from the ARF+Lespephril
group was lower by 27 % compared to ARF group and
41 % higher than in intact animals. The treatment by the
extract A-2 decreased blood urea by 19 % compared to
the ARF group and it was 11 % and 58 % (p<0,05) higher
than in the ARF+Lespephril group and the intact animals,
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respectively. The creatinine blood level in the ARF+A-2
group was 25 % lower than in the ARF group and 23 %
and 77 % higher than in the ARF+Lespephril group and
the intact animals, respectively. The administration of
the extract A-3 decreased blood urea by 23 % compared
to the ARF group and it was 10 % and 50 % (p<0,05)
higher than in the ARF+Lespephril group and the intact
animals, respectively. The creatinine blood level in
the ARF+A-3 group was 19 % lower than in the ARF
group and 33 % (p<0,05) and 83 % (p<0,001) higher
than in the ARF+Lespephril group and the intact animals
respectively. The level of sodium ions (Na+) in the blood
of the treated animals had a tendency to normalize and
was lower by 5 % (ARF+Lespephril) and 4 % (groups
ARF+A-2 and ARF+A-3) compared to the ARF group,
but higher by 1,2 %, 2,2 % and 1,8 % respectively
compared to the intact animals.

The urea and creatinine levels in urine increased
in groups ARF+Lespephril, ARF+A-2, ARF+A-3 in
comparison to the ARF group and their values were
higher than in the intact animals. The urea level in
urine was 33 %, 20 %, and 25 % higher than the ARF
group and 18 %, 25 % (p<0,05), and 23 % (p<0,05)
lower compared to the intact animals in groups
ARF+Lespephril, ARF+A-2, ARF+A-3 respectively.
At the same time, the creatinine level in urine increased
by 74%, 56 %, and 58 % compared to the ARF group
and was 19 %, 27 % (p<0,05), and 26 % (p<0,05) lower
than in the intact animals in groups ARF+Lespephril,
ARF+A-2, ARF+A-3 respectively. The sodium ions
(Nat) concentration in urine in the treated animals was
15 %, 11 %, and 12 % lower than in the ARF group
and 16 %, 20 % (p<0,05), and 19 % (p<0,05) higher
than in the intact animals in groups ARF+Lespephril,
ARF+A-2, ARF+A 3 respectively.

The above data indicates that the hypoazotemic activity
of the alcoholic extracts of the herb 4. nemorosa A-2 and
A-3 is equivalent to the Lespephril effect. The hypoazotemic
activity of extracts A-2 and A-3 was more marked in the
hyperazotemic process in the ARF model. It should be noted
that the hypoazotemic activity of the extracts A-2 and A-3
both in the experiment in healthy animals and in the conditions
of the ARF model is combined with strong diuretic action.
These properties are very useful for the therapy of disorders
and diseases associated with intoxication by the excess of
nitrogen and when its removal from the body is necessary,
such as pyelonephritis, glomerulonephritis, diabetes mellitus
etc. Due to a moderate level of hypoazotemic action, the
alcoholic extracts of the herb A. nemorosa might be used for
long-term administration.

Conclusions

In conclusion, acute toxicity, anti-inflammatory
and hypoazotemic activity of alcoholic extracts of the
herb A. nemorosa was studied in vivo in white rats. It
was established that the tested alcoholic extracts are
non-toxic up to a dose level 15 000 mg/kg body weight.
No significant anti-inflammatory effect of the alcoholic
extracts of the herb A. nemorosa was observed in
the carrageenan test. Strong diuretic and moderate
hypoazotemic activities were observed after the
administration of the alcoholic extracts of the herb A.
nemorosa to healthy rats and also to the rats with acute
renal failure model (ARF). The hypoazotemic action
of the extracts was more marked in the hyperazotemic
process in the ARF model and was equivalent to the
effect of the reference drug Lespephril. The present
results provide a good background for developing an
individual or combined hypoazotemic plant drugs on
the basis of the herb 4. nemorosa extracts, which contain
the whole complex of materials from the starting plant
material and are in fact a natural product.
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