PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-0OCTIAHUX POBIT

UDC: 616.71:611.6:577.1
DOI: 10.24061/2413-4260. X V.4.58.2025.23

STUDY OF PROLIFERATIVE ACTIVITY
OF PAROTID SALIVARY GLAND
CELLS IN OUTBRED WHITE RATS

E.A. Kharibova, V.I. Ten WITH EXPERIMENTALLY INDUCED

Bukhara State Medical Institute named after Abu Ali ibn Sino RHEUMATOID ARTHRITIS: THE ROLE
(Bukhara, Uzbekistan) OF KI-67

Summary.

Extra-articular manifestations are a significant focus in rheumatoid arthritis research. Determination of the proliferation
marker Ki-67 expression level is an effective method for evaluating quantitative and qualitative changes in digestive organs in
rheumatoid arthritis.

Objective. The aim of this study is to assess morphological changes in the glandular apparatus of the parotid salivary gland
in outbred white rats subjected to a model of rheumatoid arthritis induced by Complete Freund's Adjuvant, using the expression
level of the proliferation marker Ki-67 as an indicator of the inflammatory process severity.

Materials and Methods: The experimental group comprised 30 four-month-old outbred white rats of both sexes, with a mean
body weight of 170.5 £ 9.1 g. All laboratory animals were sourced from a single vivarium and maintained under standard conditions:
50-60% relative humidity, 19-22 °C ambient temperature, and a 12-hour light/dark cycle. Rheumatoid arthritis was induced using
Complete Freund s Adjuvant. All studies were approved by the Ethics Committee of the Bukhara State Medical Institute and adhered to
bioethical standards, including justification for animal use; compliance with the 3Rs principles; use of humane methods, confirmation
of researcher competence. Specimens were analyzed using a trinocular microscope at 200-400 x magnification. Morphometric analysis
was conducted with QuPhat 4.4.0 software. The percentage of Ki-67-positive cells was calculated relative to the total cell count in
the field of view. Morphology of Salivary Glands in an Experimental Model of Rheumatoid Arthritis. Code: 14.00.02 Morphology.
Implementation Years: 2024-2026. The study was conducted as part of the research plan of the Bukhara State Medical Institute.

Results and Discussion. In all examined samples, Ki-67 expression levels ranged from 32.04% to 38.19%, indicating
elevated cellular proliferation. High Ki-67 expression in the parotid gland in modeled rheumatoid arthritis does not allow
definitive classification of the tumor as aggressive or non-aggressive but may reflect cell cycle activity and proliferation typical
of inflammatory processes such as rheumatoid arthritis.

Conclusions: The findings confirm proliferative activity in the parotid gland of outbred white rats with experimentally induced
rheumatoid arthritis.
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Introduction

Rheumatoid arthritis (RA) is a chronic systemic
autoimmune inflammatory disease. Previous studies have
established that RA primarily induces changes in connective
tissue, resulting in progressive damage to predominantly
peripheral (synovial) joints, manifesting as symmetrical,
progressive, erosive-destructive polyarthritis. However,
recent evidence suggests that RA is also associated with
characteristic extra-articular manifestations affecting
various organs and systems, which may even precede
musculoskeletal changes [1-3]. Consequently, classifying
RA solely as a joint disease is inaccurate.

Numerous studies indicate that internal organ involvement
contributes more substantially to disability and mortality in
RA than musculoskeletal damage [4,5]. Among the affected
systems, the digestive system is frequently involved and
significantly influences disease prognosis and severity [6-8].

In most textbooks and guidelines on rheumatoid arthritis
or rtheumatic diseases, gastrointestinal manifestations
receive limited attention. Despite the diverse manifestations
of connective tissue diseases, detailed descriptions of
digestive system involvement are scarce [10-12].

It is well established that metabolic processes are largely
regulated by digestive organs, and disruptions in these
processes can result in irreversible health consequences.
Large population-based studies confirm that digestive system
involvement, with varying degrees and clinical presentations,
occurs in a significant proportion of RA patients [13-15].

Rheumatoid arthritis is a prevalent autoimmune diseases
characterized by chronic inflammation. However, its systemic
manifestations, including digestive organ involvement,
remain understudied. Specifically, lymphoid structures
within the digestive system play a critical role in the immune
response and may undergo alterations during RA-associated
inflammatory processes [16, 17].

Immunohistochemical analysis of the Ki-67 proliferation
marker allows for assessment of cellular activity and tissue
proliferation, which is important for understanding the
pathogenesis of inflammatory diseases. The level of Ki-67
expression can serve as an indicator of cellular activity and
thus reflect the state of immune response in the digestive
organs [18, 19].

This study evaluates morphological changes in the
lymphoid structures of the parotid salivary gland in outbred
white rats with RA induced by Complete Freund’s Adjuvant.
The findings demonstrate a high degree of inflammatory
activity in the parotid gland, with an uneven pattern of cell
proliferation depending on localization within the glandular
apparatus, underscoring the importance of investigating these
changes to elucidate the pathogenesis and dissemination of
RA, and its impact on digestive organs.

Research Objective

This study aims to assess morphological changes in the
glandular apparatus of the parotid salivary gland in outbred
white rats subjected to experimental rheumatoid arthritis
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induced by Complete Freund’s Adjuvant. This evaluation
is based on analyzing the expression of the proliferation
marker Ki-67, which facilitates a comprehensive
assessment of the extent of inflammatory changes in the
parotid salivary gland under induced rheumatoid arthritis.

The study investigates the intensity of cellular proliferation
in the parotid gland caused by rheumatoid arthritis and
examines the development of destructive changes in the
salivary glands as part of the digestive system. These findings
may enhance understanding of the relationship between
autoimmune diseases and pathological changes in the
digestive organs. In turn, this may inform the development of
novel diagnostic and therapeutic approaches for patients with
RA and associated gastrointestinal disorders.

Materials and Methods

The experiment included 30 four-month-old outbred
white rats of both sexes, with a mean body weight of
170.5 £ 9.1 g. All animals were sourced from a single
vivarium and maintained under standard laboratory
conditions: 50-60% relative humidity, 19-22 °C temperature,
and a 12-hour light/dark cycle.

To prevent infectious diseases, all animals were
subjected to a 21-day quarantine, with their health monitored
throughout. Body temperature and weight were measured
repeatedly. No signs of illness were observed during this
period; body temperature remained within the normal range
(38.5-39.5 °C), and no evidence of appetite loss or other
external abnormalities was noted.

The animals were allocated into two groups:

Group 1 (Control): Healthy animals without induced
arthritis.

Group 2 (Experimental): Animals with rheumatoid
arthritis induced by Complete Freund’s Adjuvant.

At the conclusion of the experiment, the animals were
euthanized, and the parotid salivary glands were excised.
The glands were fixed in 10% neutral buffered formalin
for 24 hours, followed by dehydration in graded alcohols
and embedding in paraffin. Tissue sections 5 um thickness
were prepared using a rotary microtome and mounted on
glass slides.

Immunohistochemical staining was conducted using
a specific antibody targeting the Ki-67 proliferation marker.
The standard protocol involved antigen retrieval, incubation
with primary antibodies, and subsequent visualization
with appropriate secondary antibodies. Negative controls
were processed without primary antibodies to rule out
nonspecific staining.

Stained sections were analyzed under a trinocular
microscope at 200-400x magnification. Morphometric
analysis was performed using QuPhat 4.4.0 software. The
proportion of Ki-67 positively cells in the selected area
was calculated as a percentage of the total number of cells
within the field of view.

Conclusion

Analysis of Ki-67 proliferation marker expression
in the parotid salivary gland of outbred white rats with
experimentally induced rheumatoid arthritis demonstrated
variations in cellular proliferation levels on localization:

In Figure 1, the Ki-67 expression level was 38.19%,
indicating high proliferation.

In Figure 2, the Ki-67 expression was 32.1%, also
corresponding to high proliferation.

Across all examined areas, the Ki-67 expression ranged
from 32.1% to 38.19%, reflecting consistently high
cellular proliferation.

Immunohistochemical Evaluation of Ki-67 Expression in Parotid Salivary Gland Tissues of Outbred White Rats
with Experimentally Induced Rheumatoid Arthritis

group following immunohistochemical analysis to evaluate Ki-67 marker expression level

Total number of cells detected 1,233
Number of positive cells 471
Number of negative cells 762
Positive expression 38.19%
Total area 1,157,413 px?
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Figure 2. Microscopic view of the parotid salivary gland of an outbred white rat from the experimental
group following immunohistochemical analysis to assess Ki-67 marker expression levels

Total number of cells detected 1,231
Number of positive cells 395
Number of negative cells 836
Positive expression 32.1%
Total area 917,743 px?
Interpretation which are hallmarks of various inflammatory processes,
High Ki-67 expression in the glandular apparatus including rheumatoid arthritis.
of the parotid salivary gland in the presence of induced The obtained data proliferative activity in the parotid
rheumatoid arthritis does not permit definitive classification salivary gland of outbred white rats subjected to a model
of a lesion as aggressive or non-aggressive. However, it of rheumatoid arthritis induced by Complete Freund’s
may reflect increased cell cycle activity and proliferation, Adjuvant.
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JOCJIIKEHHS MTPOJI®EPATUBHOI AKTUBHOCTI KJIITAUH MPUBYIITHUX CJIUHHHUX 3AJ03
VY BE3NMMOPOJHHUX BIJIUX IIYPIB 3 EKCIIEPUMEHTAJIbHO IHIYKOBAHUM PEBMATOI THAM
APTPUTOM: POJIb KI-67

E. A. Xapioosa, B. 1. Ten

Byxapcbkuii fep:kaBHUi Meam4Huii iHcTUTYT iMeHi AOy Aui i6H Cino
(m. Byxapa, ¥Y36ekucran)

Pesrome.

ITo3acyrio00Bi POSIBU € 3HAYHUM HAIPSIMKOM JIOCIi/DKEHb PEBMATOIIHOTO apTpHUTy. BU3HAYEHHS PiBHS eKcrpecii MapKepa HpoJti-
(epamii Ki-67 € eheKTHBHUM METOIIOM OIIIHKH KUTBKICHUX Ta SKICHUX 3MiH Y OpraHax TPaBJICHHs [IPU PEBMATOITHOMY apTpPHTi.

MeTta. MeToro TOCIiIKEHHS € OIiHKa MOP(OIOTIYHIX 3MiH Yy 3aJI03UCTOMY anapari NpUBYIIHOI CIIMHHOI 321034 Y 0E3IOPOIHUX
OIMX IypIB, SKi 3a3HAJIM BIUIMBY MOJEJI PEBMATOIHOTO apTPHUTY, iHAYKOBAHOTO IIOBHUM aJ t0BaHTOM DpeiiH/a, BUKOPHCTOBY YN
piBeHb excrpecii Mapkepa mporidepanii Ki-67 sk moka3HUK TSHKKOCTI 3aMalIbHOTO MPOIIECy.

Marepianau Ta metonu. ExcriepuMenTanpHa rpymna ckiaganacs 3 30 4oTHpUMICIIHUX 0e3MOpOIHUX OLTHX IIypiB 000X cTaTei i3
cepeaHboro Macoro Tina 170,5 £ 9,1 . Yeix naboparopHux TBapuH OYyJI0O OTPUMAaHO 3 OIHOTO BiBapiio Ta yTPUMYBAJIOCS 33 CTAaHIAPT-
HUX YMOB: BifHOCHa Boioricts 50-60%, TemIieparypa HaBKOIHIIHBOTO cepenoBuina 19-22 °C ta 12-roauHHMIT UK CBITIO/TeMpsBa.
PeBmaToinHmMii apTpUT 1HIYKYBaJH 3a JOTIOMOTOI0 IOBHOTO a1’ toBaHTy dpelinna. Yci mocmimkenHs Oy cxBalieHi ETHIHUM KoMiTeTOM
ByxapchKoro JepKaBHOrO MEANYHOTO iHCTHTYTY Ta BiAIIOBi[ain OI0CTUYHUM CTaHJapTaM, BKIIOYAK041 O0IPYHTYBaHHS BUKOPUCTAHHS
TBapHH; JOTPUMaHHS MPUHIHMIIB 3R; BUKOPUCTaHHS TyMaHHUX METOIB; MiATBEPIKCHHS KOMIIETEHTHOCTI JOCIiTHUKA. 3pa3KH aHAIII3Y-
BaJIM 33 IOTIOMOTOI0 TPHHOKYIISIPHOTO Mikpockona rpu 30inbmenHi 200-400%. MopdoMeTpudHuil aHai3 POBOIMIIH 32 TOTIOMOTOI0
nporpamHoro 3ade3neueHas QuPhat 4.4.0. Bincotok Ki-67-mo3uTHBHHUX KIITHH PO3paxOByBaJH BiIHOCHO 3aTaIbHOI KUTBKOCTI KIIITHH
y mouni 30py. Mopdoorist CIMHHKX 32J103 B €KCIIEPUMEHTANBHIA Mozeli peMaroinHoro apTputy. Kon: 14.00.02 Mopdonoris. poku
peamizamii: 2024-2026. J{ociimkeHHS TPOBOAMIOCS B paMKax AOCIITHUIBKOTO TIaHy ByXapchKoro iep>kaBHOTO MEIMYHOTO iIHCTUTYTY.

Pe3yabraTu T2 00roBopeHHs. Y BCiX JIOCIIDKEHHX 3pa3kax piBHI ekcnpecii Ki-67 konmuBanucs Bix 32,04% 1o 38,19%, mo cBiquThb
IIpo MiIBUILEHY KIITHHHY npomidepartiro. Bucoka excripecis Ki-67 y mpuByIiHiii 3211031 Ipu 3MOIEIEOBAHOMY PEBMATOITHOMY apTPHTI
HE JI03BOJISIE OCTATOYHO KiacKBiKyBaTH MyXJIMHY SIK arpPECHBHY Y1 HEarpecHBHY, ajie MOXKE BioOpa)kaTh aKTHBHICTb KIIITHHHOTO LIUKITY
Ta npoiidepariro, THIIOBY AJIs 3aalbHUAX MIPOLECIB, TAKUX SK PEBMATOIHUH apTPUT.

BucnoBku: OTpuMaHi JaHi TiATBEPIKYIOTh MPOi(epaTuBHY aKTHBHICTD Y MPUBYIIHIN 321031 0€3MOPOIHUX OLIMX HIypiB 3 €KC-
MEPUMEHTAIIBHO 1HIYKOBAaHUM PEBMATOIHUM apTPHTOM.

Ku1rouoBi ci1oBa: npusynima cimnua 3a103a; 6e3noposHi 6ii mypu; nponidepaTiBHa akTUBHICTB; Mapkep Ki-67; iMyHoricToXiMmist.
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