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Summary.

Rheumatoid arthritis represents a chronic systemic inflammatory disorder of connective tissue characterized by progressive
damage primarily affecting peripheral (synovial) joints through symmetrical, progressive, erosive-destructive polyarthritis, with
some cases demonstrating characteristic extra-articular manifestations.

Objective of the Study. This investigation aims to evaluate morphological alterations in tracheal and bronchial lymphoid
structures in outbred white rats subjected to an experimental rheumatoid arthritis model utilizing complete Freund's adjuvant,
with particular focus on Ki-67 proliferation marker expression analysis.

Materials and Methods. The experimental cohort comprised 30 outbred white rats aged four months (both sexes) with
mean body weight 170.5 £ 9.1 g. All laboratory animals originated from a single vivarium source and were maintained under
standardized conditions featuring relative humidity (50-60%), ambient temperature (19-22 °C), and 12-hour light/dark cycles.
The principles of bioethics, approved by the Scientific Council of Bukhara State Medical Institute, are preserved and upheld in full
compliance. The methods used for statistical data analysis were t-test, y2-test, and correlation analysis. The study was conducted
in accordance with the research plan of the Bukhara State Medical Institute within the framework of the topic «Early detection
and diagnosis of pathological factors affecting the health of the population of the Bukhara region in the post-COVID-19 period,
as well as the development of new methods of treatment and prevention (2022-2026)».

Results and Discussion. Positively stained cells within designated areas were quantified as percentage ratios relative to total cell counts
per microscopic field. Expression levels were categorized as follows: low expression (<20%), moderate expression (20-60%), and high
expression (>60%). Tracheal specimen analysis revealed 1,547 total cells, among which 189 cells demonstrated positive Ki-67 proliferation
marker expression indicating proliferative activity. The remaining 1,358 cells showed Ki-67 negativity, suggesting predominant cellular
quiescence. The overall positive expression rate of 12.21% indicates low proliferative activity in tracheal hyperplastic lymphoid tissue.

Conclusions. Heterogeneous Ki-67 proliferation expression patterns in tracheobronchial tissues of experimental rheumatoid
arthritis rats may reflect regional vascular perfusion variations across different tracheal and main bronchial segments.

Keywords: Expression; Proliferation Marker, Ki-67; Trachea; Main Bronchi; White Outbred Rats; Cell Proliferation;

Localization, Inflammatory Processes.

Introduction

Rheumatoid arthritis (RA) is a chronic systemic
inflammatory disease of the connective tissue,
characterized by progressive damage primarily to the
peripheral (synovial) joints in the form of symmetrical,
progressive, erosive-destructive polyarthritis, and in some
cases, by characteristic extra-articular manifestations [1-4].
Traditionally, rheumatoid arthritis is regarded as a «joint
disease,» although extra-articular manifestations largely
determine the disease prognosis [5-7]. Among these,
involvement of the respiratory system ranks among the
most prevalent and prognostically significant [8-10]. In
most guidelines on rheumatoid arthritis and rheumatic
diseases in general, pulmonary aspects of the disease
receive limited attention. However, despite the diverse
manifestations of diffuse connective tissue diseases,
pulmonary and pleural changes occur in 50% to 100%
of cases, according to various authors [11-13], and are
often a direct cause of death. A large-scale population
study initiated in 1997 found that bronchial and tracheal
involvement of varying severity and clinical presentation
occurs in 58% of patients with RA [14-17].

Rheumatoid arthritis (RA) is one of the most
common autoimmune diseases, characterized by chronic
inflammation and joint damage. However, its systemic
manifestations, including effects on the respiratory system,
remain insufficiently studied. In particular, the lymphoid
structures of the trachea and bronchi play a key role in
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immune responses and may undergo significant changes
during RA-associated inflammatory processes [18-20].

Immunohistochemical analysis of Ki-67 proliferation
marker expression allows for the assessment of cellular
activity and proliferation in tissues, which is crucial
for understanding the pathogenesis of inflammatory
diseases [21,22]. In the present investigation, we focus on
evaluating morphological alterations within the lymphoid
structures of the trachea and bronchi in outbred white
rats subjected to an experimental model of RA utilizing
complete Freund’s adjuvant [23]. The acquired data
regarding heterogeneous cellular proliferation contingent
upon localization within the trachea and principal bronchus
underscore the necessity of investigating these alterations
to enhance the understanding of RA pathophysiology and
its impact upon respiratory organs.

Objective of the Study

The objective of this study is to evaluate morphological
alterations within the lymphoid structures of the trachea
and bronchi in outbred white rats subjected to an
experimental model of rheumatoid arthritis induced by
complete Freund’s adjuvant, with particular emphasis
on the analysis of Ki-67 proliferation marker expression.
The study aims to identify disparities in the level of
cellular proliferation dependent upon localization within
the trachea and main bronchus, in addition to elucidating
the pathophysiological mechanisms associated with
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inflammatory processes within the respiratory tract
in RA. The findings may contribute to an enhanced
comprehension of the relationship between autoimmune
diseases and alterations within the respiratory system,
which, consequently, could facilitate the development of
novel approaches for the diagnosis and management of
patients with RA and associated respiratory pathologies.

Materials and Method

The experimental procedures utilized thirty outbred
white rats, aged four months, of both sexes, exhibiting
an average body mass of 170.5 + 9.1 g. All laboratory
animals were procured from an identical vivarium and
maintained under standardized environmental conditions
encompassing relative humidity (50-60%), ambient
temperature (19-22 °C), and a photoperiod regimen of
12 hours of darkness and 12 hours of light.

To preclude infectious complications, the animals
underwent a quarantine period of 21 days, during which
their physiological status was monitored, incorporating
serial measurements of core body temperature and mass.
Body mass accretion was tracked, and no clinical indicators
of disease were observed throughout this interval. Core
temperature remained within the established normative
range (38.5-39.5 °C), and no disturbances in appetite or
other external alterations were detected.

The experimental subjects were allocated into two
distinct cohorts:

1. Control group

2. Experimental group — animals with experimentally
induced rheumatoid arthritis (RA modeling was
accomplished utilizing complete Freund’s adjuvant).

Upon termination of the experimental protocol, the rats
were euthanized, and the trachea in conjunction with the
main bronchi were surgically isolated. procured tissues
were immersion-fixed in 10% neutral buffered formalin for
a duration of 24 hours, followed by sequential dehydration
through a graded ethanol series and subsequent embedding
in paraffin wax. Histological sections of 5 pm thickness
were obtained employing a rotary microtome and mounted
upon glass slides.

Immunohistochemical staining procedures were
executed utilizing a specific antibody directed against the
Ki-67 proliferation marker. A standardized protocol was
implemented, incorporating antigen retrieval, incubation
with primary antibodies, and subsequent visualization with
appropriate secondary antibodies. Control specimens were
processed through omission of the primary antibody to
preclude nonspecific staining artifacts. The stained histological
preparations were examined utilizing a trinocular microscope
at magnifications ranging from 200x to 400x. Morphometric
analysis was conducted employing QuPath 4.4.0 software.
Cells exhibiting positive immunohistochemical staining
within the designated area were quantified and expressed as
a percentage of the total cellular population within the entire
microscopic field of view.

The principles of bioethics, approved by the Scientific
Council of Bukhara State Medical Institute, are preserved
and upheld in full compliance.

The methods used for statistical data analysis were
t-test, y2-test, and correlation analysis.

The study was conducted in accordance with the
research plan of the Bukhara State Medical Institute
within the framework of the topic «Early detection and
diagnosis of pathological factors affecting the health of the
population of the Bukhara region in the post-COVID-19
period, as well as the development of new methods of
treatment and prevention (2022-2026)».

Results and Discussion

Cells demonstrating positive immunohistochemical
staining within the selected area were quantified and
expressed as a percentage of the total cellular count within
the complete field of view. The expression level was
categorized according to the following criteria:

» Low expression: <20%

* Moderate expression: 20-60%

* High expression: >60%

Results for the Trachea (Experimental Group)

Within the analyzed tracheal specimen, a total of 1,547 cells
were identified. Among these, 189 cells exhibited positive
expression of the Ki-67 proliferation marker, indicative of
their active participation in cellular proliferation processes. The
remaining 1,358 cells were negative for Ki-67 immunoreactivity,
suggesting a predominance of cells exhibiting low proliferative
activity. The aggregate positive expression rate was calculated
as 12.21%, indicative of a low level of proliferative activity
within the hyperplastic lymphoid tissue of the trachea.

Based upon the immunohistochemical analysis, the
subsequent conclusions were formulated:

1. The total cellular population within the analyzed
specimen was 1,547.

2. Among these, 189 cells demonstrated positive Ki-67
expression, indicative of their involvement in cellular
proliferation.

3. The number of cells exhibiting negative staining
was 1,358, confirming the predominance of cells with low
proliferative rates within this anatomical region.

4. The positive Ki-67 expression rate was quantified
as 12.21%, suggesting a low level of proliferative activity
within the hyperplastic lymphoid tissue of the trachea.

These findings indicate the presence of lymphoid
tissue hyperplasia; however, the overall level of cellular
proliferation remains comparatively low. This observation
suggests that within this experimental model of RA,
notwithstanding the activation of lymphoid tissue, the
proliferative process fails to attain elevated levels. These
results may possess significant implications for further
elucidating the pathogenesis of rheumatoid arthritis and the
functional role of lymphoid structures within this process.

Results for the Main Bronchus (Experimental Group)

Within the analyzed specimen of the main bronchus,
a total of 832 cells were identified. Among these, 83 cells
exhibited positive Ki-67 expression, whereas 749 cells
were negative. The positive expression rate was calculated
as 9.97%, indicative of a low level of proliferative activity
within this anatomical region.

These findings suggest that although activation of
lymphoid tissue occurs within the respiratory tract in
rheumatoid arthritis, the magnitude of cellular proliferation
remains relatively subdued, which may reflect differential
inflammatory responses contingent upon tissue localization.
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Total number of cells detected 832
Number of positive cells 83
Number of negative cells 749
Positive expression 9.97%
Total area 937,513 px?

Figure 1. Section of hyperplastic lymphoid tissue in the trachea of an outbred white rat from the
experimental group. Immunohistochemical staining for Ki-67 marker expression.

Total number of cells detected 832
Number of positive cells 83
Number of negative cells 749
Positive expression 9.97%
Total area 937,513 px?

Figure 2. Section of Main Bronchus Tissue in an Outbred White Rat from the Experimental Group.
Immunohistochemical staining for Ki-67

Immunohistochemical Staining for Ki-67 Marker
Expression

Based upon the immunohistochemical analysis of the
hyperplastic lymphoid tissue in the trachea of an outbred
white rat from the experimental group, the subsequent
results were obtained:

* The total number of cells within the analyzed
specimen was 832.

* Among these, 83 cells exhibited positive Ki-67
expression, indicative of their involvement in cellular
proliferation processes.

* The number of cells exhibiting negative staining
was 749, confirming the predominance of cells with low
proliferation levels within this region.

* The positive Ki-67 expression rate was quantified as
9.97%, indicative of a low level of proliferative activity
within the hyperplastic lymphoid tissue of the trachea.

* The total area of the analyzed specimen was 937,513 px>.

These findings indicate the presence of lymphoid
tissue hyperplasia; however, the overall level of cellular
proliferation remains relatively low. A positive Ki-67
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expression rate of 9.97% suggests that although lymphoid
structures are activated, the cellular proliferation process
fails to attain significant levels. These results may be
of critical importance for further investigation into the
pathogenesis of rheumatoid arthritis and the functional role
of lymphoid structures within this process.

Conclusions

The investigation of Ki-67 proliferation marker
expression within the tracheal and main bronchial walls of
rats in the experimental group revealed disparities in cellular
proliferation levels contingent upon anatomical localization.

* Within the trachea (Figure 1): The Ki-67 expression
level was quantified as 12.21%, corresponding to a low
proliferation rate.

* Within the main bronchus (Figure 2): The Ki-67
expression level was quantified as 9.97%, also indicative
of a low proliferation rate.

The results suggest that:

* Within the trachea, heterogeneous cellular
proliferation is present. Certain areas exhibit a low



PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-0OCTIAHUX POBIT

proliferation rate, which may indicate moderate
cellular division activity within this region. Other areas
demonstrate a moderate proliferation rate, potentially
attributable to an inflammatory process or tissue
regeneration.

» Within the main bronchus, the cellular proliferation
level is inferior to that observed in certain tracheal regions,

which may indicate less pronounced cellular division
activity within this anatomical area.

* The heterogeneity of Ki-67 proliferation expression
within the trachea and main bronchi of rats subjected to
experimental rheumatoid arthritis may be associated with
disparities in blood supply levels across different regions
of the trachea and main bronchi.
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JOCJIII)KEHHS EKCHOPECII IMYHOTICTOXIMIYHOT'O MAPKEPA KI-67 Y TPAXEQ TA TOJTOBHHUX
BPOHXAX IIYPIB: EKCIIEPUMEHTAJbHUMN IIIXI]T

0. O. Xapioosa, ®. b. Meiinice

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

Pesrome.

PeBMaroiHuUiA apTPUT € XPOHIYHUM CHCTEMHHM 3aIlalbHUM 3aXBOPIOBAHHSM CIIOTYYHOI TKAHHHH, 110 XapaKTePU3Y€EThCS IIPOrpecy-
I0YHM YPaKCHHSM, SIKE B IIEpIIY Yepry Bpaxae nepudepryHi (CHHOBIaIbHI) CyII00H Yepe3 CUMETPUYHHU, IPOrPECyrOUHid, epO3UBHO-
JeCTPYKTHBHHIL OIIapTPHUT, IPUUIOMY B ISIKHX BHIIAKAX CIIOCTEPIraloThCs XapaKTepHi 103acyrio00Bi IPOSIBH.

Meta gocaix:kenns. Lle gociimKkeHHS MajIo Ha METi OLIHUTH MOP()OJIOTiuHI 3MiHU B TIM(OITHUX CTPYKTypax Tpaxei Ta OpOHXiB
y Ginux 11ypiB, MiAJaHUX EKCIEPUMEHTAIBHIN MOZIEIi PeBMATOITHOTO apTPUTY 3 BUKOPUCTAHHSM ITOBHOTO aJ1 toBaHTa ®peiiHaa, 3 0co-
OJMBHM aKIIEHTOM Ha aHali3i ekcnpecii Mapkepa nporideparnii Ki-67.

Marepianu Ta Mmetonu. ExcriepumenTanbpHa Koropra ckiaganacs 3 30 HeniHiHUX OLTHX IypiB BIKOM HOTHPH Micsli (000X cTaTeit)
13 cepenHBOIO Macoro Tia 170,5 £+ 9,1 . Yei mabopaTopHi TBapHUHH ITOXOAWIIN 3 OMHOTO BiBapilo Ta yTPUMYBAJIHCS B CTAHAAPTHHX YMOBaX
13 BizHOCHOIO BosoricTio (50-60%), TemMmepaTypoio HaBKOIUIIHEOTO cepenoBumia (19-22 °C) Ta 12-roqHHIM IUKIJIOM CBITI0/TeMpsIBa.

IMpuHuunu 6ioeTuxw, 3aTBepkeHi HaykoBoro panoro ByxapchKoro epsKaBHOTO MEIMYHOTO IHCTHTYTY, 30€piraloThCs Ta J0TpH-
MYFOTBCSI y TTOBHIH BiIIOBIIHOCTI.

Mertozu, siKi BUKOPUCTOBYBAJIUCS JJIsl CTATUCTUYHOI OOpOOKH JaHuX, OyiH t-TeCT, ¥2-TecT Ta KopeJsiitauil aHami3. JlocmimKkeHHs
OyJI0 IPOBE/ICHE BIIIOBIHO JI0 IUIaHy AOCHIIIKEHb ByXapchKoro iepyKaBHOTO MEAMYHOTO IHCTUTYTY Y paMKax TeMH «PaHHE BUSIBIICH-
Hsl Ta IilarHOCTHKA MATOJIOT1YHUX YHHHUKIB, IO BIUIMBAIOTH HA 30pOB’sl HaceleHHS byxapcekoro periony y moct-COVID-19 nepiox,
a TaKOX pOo3po0OKa HOBHX METOIIB JIiIKyBaHHs Ta rpodinaktuku (2022-2026)y.

PesyabraTu Ta 06roBopeHHs. [1o3uTHBHO 3a0apBicHI KIITHHH B 3a3HAYCHHUX AUISHKaX Oy KUTBKICHO OILIHEH] K BiJICOTKOBI
CITIBBIIHOIICHHS BiTHOCHO 3arajbHOi KUTBKOCTI KIIITHH Ha MiKpOCKOIiuHOMY Toui. PiBHI ekcnipecii Oynmu kiracudikoBaHi HACTYITHUM YH-
HOM: HU3bKa excrpecist (<20%), momipHa excrpecis (20-60%) Ta Bucoka excrpecis (>60%). AHauni3 3pa3kiB Tpaxel BUABHUB 1547 KIIiTHH,
cepen akux 189 KIIITHH MPOJEMOHCTPYBaIH MO3UTUBHY €KCIIpecito Mapkepa nporidepanii Ki-67, mo Bkasye Ha nponidepaTuBHy ak-
TUBHICTB. Pemta 1358 kimiTuH moka3anu HeratuBHICTH Ki-67, 10 CBIAYUTE PO NEPEBaXKHY KIITHHHY CIIOKIIHICTD. 3arajibHUI piBEHBb
Mo3UTHBHOI ekcripecii 12,21% Bka3ye Ha HU3bKY IPOITiepaTUBHY aKTHBHICTH y TiNEPIIACTHIHIH TiMOINHIH TKaHUHI Tpaxei.

BucnoBku. ['ereporenHi matepau excrpecii npomidepanii Ki-67 y TpaxeoOpoHXialbHIX TKaHHHAX MIYPIiB 3 EKCIIEPUMEHTAIBHIM
PEBMATOITHIM apTPUTOM MOXKYTh BiIOOpaXkaTH perioHalbHi Bapiamii cymiHHOT mep@y3ii B pisHIX CETMEHTaX Tpaxei Ta TOJIOBHUX OPOHXIB.

KuarouoBi cjioBa: excrpecis; mapkep nponidepanii; Ki-67; Tpaxes; ronosni 6pouxu; 6i1i ayTépeani mypy; KIiTHHHA TPOJTi-

(eparis; ToKamizalis; 3anaibHi MPOIECH.
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