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Annotation. The expression of the Ki-67 proliferation marker is an important criterion for
assessing the proliferative activity of gastric mucosa cells. During the study, the level of
immunohistochemical expression of the Ki-67 marker in the gastric tissues of 3 and 6-month-old
white crossbred rats with liver injury in the control group and experimental conditions was studied.
In the gastric mucosa of 3—6-month-old white crossbred rats in the control group, it was observed that
Ki-67 positive cells were mainly located in the proliferative zones of the glands, especially in the
neck. The expression of the marker at a physiological level indicated that the natural renewal
processes of gastric epithelial cells were preserved. The presence of the Ki-67 index at a normal level
indicates that the balance between cell proliferation and apoptotic processes is maintained. It was
found that the expression of the Ki-67 marker in the stomach of rats 3 months after experimentally
induced liver injury significantly increased compared to the control group. This phenomenon was
assessed as a compensatory-regenerative response to the dystrophic and inflammatory changes that
developed in the gastric mucosa.
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Annotatsiya. Ki-67 proliferatsion marker ekspressiyasi oshqozon shilliq gavati hujayralarining
proliferativ faolligini baholashda muhim mezon hisoblanadi. Tadgiqot davomida nazorat guruhi
hamda tajriba sharoitida jigar shikastlanishi chagirilgan 3 va 6 oylik oq zotsiz kalamushlar oshgozon
to‘qimalarida Ki-67 markerining immunogistokimyoviy ifodalanish darajasi o‘rganildi. Nazorat
guruhidagi 3-6 oylik oq zotsiz kalamushlar oshgozonining shillig qavatida Ki-67 pozitiv hujayralar
asosan bezlarning proliferativ zonalarida, aynigsa bo‘yin (neck) qismida joylashgani kuzatildi.
Markerning fiziologik darajadagi ekspressiyasi oshqozon epiteliy hujayralarining tabiiy yangilanish
jarayonlari saglanib golganligini ko‘rsatdi. Ki-67 indeksining me’yoriy darajada bo‘lishi hujayralar
proliferatsiyasi va apoptotik jarayonlar o‘rtasidagi muvozanat saqlanganidan dalolat beradi. Tajriba
sharoitida chagirilgan jigar shikastlanishidan keyingi 3 oylik kalamushlar oshqozonida Ki-67
markerining ekspressiyasi nazorat guruhiga nisbatan sezilarli oshgani aniglandi. Bu holat oshqozon
shilliq qavatida rivojlangan distrofik va yallig‘lanish o‘zgarishlariga kompensator-regenerativ javob
sifatida baholandi.

Kalit so‘zlar: jigar shikastlanishi, oshqozon, immunogistokimyoviy tekshiruv, kalamushlar.
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AHHoOTanus. Dkcrpeccuss Mapkepa nposudepanun Ki-67 sBiuseTcss BaKHbIM KpUTEpUEM
OIICHKM TpoJu(epaTuBHOM aKTUBHOCTH KJIETOK CIU3UCTOM 000J0YKHM kemyaka. B xome
UCCIICIOBAaHMUSI HM3y4yalCs YpOBEHb HMMYHOTHMCTOXMMHUYECKOM »skcrpeccun Mapkepa Ki-67 B
KEITyOYHON TKaHU 3- U 6-MeCSIYHBIX OENBIX KPBIC C MOBPEXKIEHUEM ITE€YEHH B KOHTPOJIBHOU TpyIINe
U SKCIIEPUMEHTAJIBHBIX YCIOBUAX. B cinu3ucroil o0onouke sxemyaka 3—6-MeCSUHBIX O€NbIX KpbIC
KOHTPOJIBHON Tpymmbl Obuto OOHapykeHO, 4To Ki-67-1moioxuTenbHble KIIETKH PacIojiarajinch
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MIPEUMYIIECTBEHHO B MPOJM(EPATUBHBIX 30HAX JKEJIe3, OCOOCHHO B 00JACTH IMIEHKH. DKCIPECcCUs
Mapkepa Ha (HU3MOJIOTMYECKOM YPOBHE YyKa3blBalia HA COXpPAaHEHUE €CTECTBEHHBIX IPOIECCOB
OOHOBJIEHUS DIUTETHAILHBIX KIETOK JKCJIyAKa. Hanmune HHACKCa Ki-67 na HOpMAaJIbHOM YPOBHC
CBUJCTEILCTBYET O MOICPKaHNU OallaHCca MKy TpoIieccaMy MPOou(epalfy U aronTo3a KIeTOK.
beimo ycranoBieHo, 4Tto skcnpeccus Mapkepa Ki-67 B jkemynke KpbIc depe3 3 Mecsima Iocie
OKCIICPUMCHTAJIBHO BBI3BAHHOTI'O MMOBPCIKACHHA IICYCHU 3HAYUTCIBHO YBCINYNIIACH 110 CPABHCHUIO C
KOHTpOJ'IbHOfI prnHOfI. IT0 sIBIEHHUE OBLIO OLICHEHO KaK KOMHCHCaTopHO-peFeHepaTI/IBHHﬁ OTBECT Ha
I[I/ICTpO(bI/I‘-IGCKI/Ie 1 BOCHTAJIUTCIIbHBIC U3MCHCHUS, Pa3BUBIINECCA B CIIM3UCTOM 000JI0YKe JKCIIyaKa.

KaroueBblie cJioBa: IOBPEKACHHUC IICYCHU, KCIIYOOK, HMMYHOT'UCTOXHUMHUYCCKOC
HCCIICA0OBAHNEC, KPBICHI.

Relevance of the Study. Almost half of the world's population suffers from diseases of the
gastrointestinal tract. Statistics show that the prevalence of gastritis among gastrointestinal diseases
is more than 80%. Today, this serious disease is often observed not only in adults, but also in school-
age children and students. The most common cause of gastritis is malnutrition: hasty and fragmentary
eating, unchewed or dry food; too hot or too cold food; eating spicy foods (mainly spicy and very
salty foods). Most often, diseases develop in people who are in a state of neuro-psychic stress, neglect
healthy eating, abuse alcohol and smoke [1].

Functional dyspepsia (FD) is the most common nosology in the group of functional diseases of
the gastrointestinal tract. According to population studies, from 10 to 30% of the general population
report dyspeptic complaints [2], but only a quarter of them consult a doctor. Thus, among all cases of
visits to general practitioners, the share of patients with dyspeptic syndrome is 2-5% of patients [3].
Dyspeptic symptoms account for 20-40% of complaints of a gastroenterological nature, according to
the literature, organic causes are identified in 40% of patients, and in the rest, dyspepsia is functional.
Approximately 50% of patients with FD show a decrease in working capacity and daily household
activities [4]. Consequently, FD significantly affects the physical, social, emotional and
psychological functioning of the patient, which leads to a decrease in the quality of life [5].

Numerous fundamental studies devoted to the problem of the complex effect of exogenous and
endogenous influences on the human body have proven their depressive effect on the regulatory
systems of the body. At the same time, it remains relevant for researchers to study the morphometric
and immunohistochemical parameters of experimental intestinal scarring processes after hormonal
therapy of gastric tissue, which is sensitive to disruption of homeostasis.

Aim of the Study To investigate the morphological characteristics of the stomach under
conditions of experimental liver injury.

Materials and Methods. A total of 120 outbred white rats aged 3 and 6 months were used in
the experimental study. All laboratory animals were maintained under standard vivarium conditions
and kept under identical environmental parameters. The study was conducted in accordance with the
“Rules for Conducting Research Using Experimental Animals” approved by the Ethics Committee
of the Bukhara State Medical Institute (Protocol No. 18, January 16, 2018).

Prior to the experiment, all animals underwent a quarantine period for the identification of
existing diseases, assessment of physical condition and age, and prevention of infectious diseases
entering the vivarium. Experimental procedures were initiated only after exclusion of pathological
conditions.

During the initial stage of the experiment, animals were randomly assigned to either the
experimental or control groups. Feeding trials and preparatory procedures were subsequently
performed. At the second stage, liver injury was induced in the experimental group of outbred white
rats. Comprehensive investigations, including morphological and immunohistochemical analyses,
were conducted to evaluate changes in the stomach.

At the final stage, the collected morphological data were analyzed and systematized, followed
by statistical processing. Particular attention was paid to the adequacy and reliability of the results
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and to the formulation of valid conclusions and recommendations. White rats weighing 120-130 g
and maintained under standard vivarium conditions were used. The animals were divided into two
groups:

Group | — Control group (standard diet);

Group Il — Experimental group with induced liver injury;

Group 11 — laboratory animals treated with cinnamon for liver damage in experimental
conditions.

At the end of the experiment, the animals were euthanized by decapitation, and histological
examinations were performed. The obtained data were recorded, statistically processed, and presented
in the form of a research report.

For immunohistochemical staining, tissue samples were sectioned at a thickness of 4-6 um
using a microtome, mounted on glass slides, and covered with poly-L-lysine-coated coverslips.
Immunohistochemical staining was performed using the avidin—biotin immunoperoxidase technique
following deparaffinization and rehydration of tissue sections. Antigen retrieval was carried out under
pressure using 0.01 M citrate buffer (pH 6.0). Endogenous peroxidase activity was blocked by
incubating the sections in 3% hydrogen peroxide solution for 10 minutes. The sections were washed
with Tris-NaCl buffer (pH 7.6), followed by incubation with specific antibodies for marker expression
detection and visualization using the DAB+ chromogen system.

The stained sections were examined microscopically. Immunohistochemical results were
evaluated using QuPath 4.4.0 software. Morphometric analysis was performed in five microscopic
fields at magnifications of x200-400. The percentage of positively stained cells was calculated
relative to the total number of cells in the selected area. Expression levels were classified as follows:

Low expression: <20%

Moderate expression: 20-60%

High expression: >60%

Results. Comparative evaluation of immunohistochemical expression of Ki-67 marker in the
gastric tissue of 3- and 6-month-old white outbred rats in the control, experimental and biocorrection
groups showed that this marker is an important indicator in determining the proliferative activity,
regenerative potential of epithelial cells and compensatory-restorative processes after liver damage.
In the control group, Ki-67 expression reflected the physiological renewal processes of the gastric
mucosa, while in the experimental group, this proliferative activity significantly decreased against
the background of liver damage. In the biocorrection group, the re-increase in Ki-67 expression
indicated the activation of regeneration and reparative processes in gastric epithelial cells under the
influence of sambucus nigra. The file shows the percentage of positive expression of Ki-67 marker
in the control, experimental and biocorrection groups with sambucus nigra using the QuPath-0.5.1
program.

In 3-month-old rats, the positive expression of Ki-67 in the control group was 25.20%. After
liver injury under experimental conditions, this indicator decreased to 13.28%. Thus, in the 3-month-
old experimental group, the expression of Ki-67 decreased by 11.92% compared to the control group,
which is approximately a 47.3% decrease. This indicates that liver injury suppresses the proliferative
activity in the gastric mucosa, limiting the physiological renewal and regenerative capabilities of
epithelial cells. Morphologically, this process was explained by dystrophic changes in the epithelial
cells of the mucosa, signs of local inflammation, and disruption of tissue homeostasis.

In the 3-month-old biocorrection group, the positive expression of Ki-67 was 19.35%. This
indicator increased by 6.07% or approximately 45.7% compared to 13.28% in the experimental group.
Thus, biocorrection with yarrow significantly restored the proliferative activity that had decreased as
a result of liver injury in 3-month-old rats. However, the indicator in the biocorrection group did not
fully reach the 25.20% in the control group, remaining 5.85% or 23.2% lower than the control. This
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indicates that the recovery process has begun, but the proliferative potential of the gastric epithelial
layer has not yet fully returned to the physiological level (Figure 1).

"i“o’tai number of cellé detected

638
Positive cells 160
Negative cells 478
Positive expression 25.20%
Total area 355122 px”2

Figure 1. Immunohistochemical study of the expression of Ki-67 marker in the stomach of 3-
month-old white outbred rats in the control group. Stained by the Dab chromogenic method. Image
magnified 200 times. Scanned and the level of expression was determined using the QuPath-0.5.1.

program. Expressed cells are in red.

In 6-month-old rats, the positive expression of Ki-67 in the control group was 26.28%. In the
experimental group, this figure decreased to 17.85%. Thus, in the 6-month-old experimental group,
the expression of Ki-67 decreased by 8.43% or approximately 32.1% compared to the control group.
This result indicates that liver injury also reduced the proliferative activity of gastric epithelial cells
in 6-month-old rats. At the same time, the relatively higher preservation of Ki-67 expression in the

6-month-old experimental group compared to the

compensatory-regenerative mechanisms may be more stable in a more mature organism (Figure 2).

3-month-old experimental group indicated that

=
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Positive cells 9
Negative cells 61
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Positive expression 13.28%
Total area 528105 px”2

Figure 2. Immunohistochemical study of Ki-67 marker expression in the stomach of 3-month-
old white outbred rats after experimental liver injury. Stained by the Dab chromogenic method. Image
magnified 200 times. Scanned and expression levels were determined using QuPath-0.5.1. Expressed
cells are in red.

In the 6-month biocorrection group, Ki-67 positive expression was 21.83%. This is an increase
of 3.98% or approximately 22.3% compared to 17.85% in the experimental group. Thus,
biocorrection with cinnamon increased the proliferative activity of epithelial cells in 6-month-old
rats, enhancing reparative and adaptive processes in the gastric mucosa. However, this indicator was
4.45% or 16.9% lower than the 26.28% in the control group. This indicated that although
biocorrection had a positive effect, immunohistochemical changes after liver injury were not
completely normalized.

When comparing the 3- and 6-month groups, the Ki-67 expression in the control group was
25.20% at 3 months and 26.28% at 6 months, increasing by 1.08% or 4.3% over the 6-month period.
This indicates that the physiological proliferation and renewal processes in gastric epithelial cells are
somewhat more stable over the 6-month period. In the experimental group, the expression was
13.28% at 3 months and 17.85% at 6 months, and the 6-month group showed a higher result of 4.57%
or 34.4%. This indicates that the compensatory proliferative response in 6-month-old rats after liver
injury was more active than in 3-month-old rats. In the biocorrection group, the increase was 19.35%
at 3 months and 21.83% at 6 months, and in the 6-month group, an increase of 2.48% or 12.8% was
observed. This confirms that under the influence of cinnamon, regenerative processes were activated

Total number of cells detected 327
Positive cells 63
Negative cells 264
Positive expression 19.35%
Total area 205056 px"2

Figure 3. Biocorrection of gastric tissues of 3-month-old white outbred rats after
experimental liver injury with stellate starch and study of the expression of the immunohistochemical
marker Ki-67. Stained by the Dab chromogenic method. Image magnified 200 times. Scanned and
the level of expression was determined using the QuPath-0.5.1. program. Expressed cells are in red.

In general, the results obtained on the immunohistochemical expression of the Ki-67 marker
showed that liver injury disrupts proliferative-regenerative processes in the gastric mucosa. The
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decrease in Ki-67 expression in the experimental group compared to the control group confirms the
weakening of the regenerative ability of epithelial cells, the reduced regenerative potential of the
mucosa, and the occurrence of morphofunctional instability in the gastric tissue. In the group
biocorrected with Zarchoba, the re-increase in Ki-67 expression indicated the activation of
regeneration processes in gastric epithelial cells, the enhancement of tissue repair mechanisms, and
the partial reduction of the negative effect of liver injury on the gastric tissue.

Conclusion. The expression of the Ki-67 proliferation marker is an important criterion for
assessing the proliferative activity of gastric mucosa cells. During the study, the level of
immunohistochemical expression of the Ki-67 marker in the gastric tissues of the control group and
3- and 6-month-old white crossbred rats with liver injury induced under experimental conditions was
studied. In the gastric mucosa of 3-6-month-old white outbred rats in the control group, Ki-67
positive cells were observed to be located mainly in the proliferative zones of the glands, especially
in the neck. The expression of the marker at a physiological level indicated that the natural renewal
processes of gastric epithelial cells were preserved. The presence of the Ki-67 index at a normal level
indicates that the balance between cell proliferation and apoptotic processes was maintained. It was
found that the expression of the Ki-67 marker in the stomach of 3-month-old rats after experimentally
induced liver injury significantly increased compared to the control group. This was assessed as a
compensatory-regenerative response to the dystrophic and inflammatory changes that developed in
the gastric mucosa. The increased proliferative activity, especially in glandular epithelium and
superficial epithelial cells, indicated the activation of reparative regeneration processes of the mucosa.
At the same time, the uneven distribution of Ki-67 positive cells in some areas indicates an imbalance
of proliferative processes. In animals of the 6-month experimental group, Ki-67 expression was
detected at a higher level, which indicated the continuation of chronic trophic disorders and
compensatory proliferation in the gastric mucosa against the background of prolonged liver failure.
In some preparations, an increase in the number of Ki-67 positive cells was observed, along with a
violation of the architectonics of the glands, thickening of the epithelium and expansion of the
proliferative zone. This indicates that the cell cycle is activated under the influence of a chronic
pathological process and that reparative mechanisms are under tension. In the groups where
biocorrection was used, the expression of the Ki-67 marker showed a tendency to decrease compared
to the experimental group. The approach of the marker to the normative indicators indicates the
physiological trace of regenerative processes in the gastric mucosa and the reduction of inflammatory-
dystrophic changes. The regulation of proliferative activity as a result of biocorrection is explained
by the partial restoration of the structure of the glandular epithelium, improvement of
microcirculation and stabilization of trophic processes.
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