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AGE-RELATED MORPHOMETRIC CHANGES IN THE UTERUS
FOLLOWING EXPERIMENTAL LIVER INJURY
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ABSTRACT
The aim of this study was to investigate age-related morphometric
changes in the uterus of female albino rats following experimental liver injury.
The study included 3- and 9-month-old animals. Hepatic injury was induced by
a single subcutaneous administration of heliotrine at a dose of 25 mg/100 g
body weight. Uterine tissues were examined histologically, and morphometric
parameters were evaluated using QuPath 0.5.1 software. In intact animals, most
uterine parameters increased with age. Total uterine wall thickness was 950+18
um in 3-month-old rats and 1045+20 um in 9-month-old rats. After liver injury,
these values decreased to 87517 and 925+19 um, respectively. Endometrial
thickness decreased from 181+4 to 158+4 um in younger animals and from
20245 to 171+4 um in older animals. Uterine gland diameter decreased from
27.4+0.7 to 23.8£0.6 um and from 30.4+0.8 to 25.7+0.7 um, respectively.
Gland density decreased from 21.3+0.8 to 17.6+£0.7 glands/mm? in 3-month-
old rats and from 19.8+0.7 to 15.2+0.6 glands/mm? in 9-month-old rats. In
contrast, vascular diameter increased from 40.6£1.1 to 46.8+1.2 um and from
45.3+1.2 to 53.6+1.4 um, respectively. The observed alterations were more
pronounced in 9-month-old animals, indicating an age-dependent response of
uterine tissues to experimental liver injury.
Keywords: uterus, liver injury, morphometry, female albino rats,
endometrium, uterine glands, blood vessels, age-related changes, heliotrine.
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ABCTPAKT

OnumoBa A3znsa 30KUpPOBHA

[lenpr0 HACTOSALIETO HMCCIEAOBAHMS SIBUJIOCh HM3YyYEHHE BO3PACTHBIX
MOP(HOMETPUYECKUX HU3MEHEHUH MaTKh Yy CaMOK OeJbIX KpBIC TOCHe
HKCIIEPUMEHTAJILHOTO TMOBpEXACHHUS TeueHu. B  wuccienoBanue ObLIM
BKJIFOUEHBI XKUBOTHBbIE B Bo3pacte 3 u 9 mecsaueB. [loBpexneHue nedeHu
MOJEIUPOBAIH OJTHOKPATHBIM MOJKOXHBIM BBEJICHUEM I€IMOTPHUHA B J103€ 25
Mr/100 r Mmaccel Tena. TkaHM MAaTKW UCCIENAOBAIM THCTOJOTUYECKH, a
Mop(hoMeTpUYECKHEe TTOKa3aTeNn OIEHUBAIN C MCIOJIBb30BAaHUEM MPOTPAMMBI
QuPath 0.5.1. Y UHTaKTHBIX XHBOTHBIX OOJBIIUHCTBO MOP(POMETPUUCCKHUX
napamMeTpOB MaTKH YBEIMYHUBAIOCH C BO3pACTOM. TOJIIMHA CTEHKU MaTKU y 3-
MECAYHBIX KpbIC cocTaBiisiia 950+18 mxm, a y 9-mecstunbix — 1045420 MxMm.
[Tocie moBpexacHUs IEYEHU JaHHBIN IT0KA3aTENb CHUKAJICS COOTBETCTBEHHO
1o 87517 u 925+19 mxm. Tonmmua >HAOMETpUS YMEHbIanack ¢ 181+4 no
158+4 MKM y MOJOJBIX )KUBOTHBIX U ¢ 202+5 no 17144 MkM y 9-MecsauHbIX
KpbIC. JluameTp MaTO4HBIX *kKeJe3 cHuxkaics ¢ 27,4+0,7 no 23,8+0,6 MKM U ¢
30,4+0,8 mo 25,7+0,7 MKM COOTBETCTBEHHO. [ IIOTHOCTH *kene3 yMeHbIaaach
¢ 21,3+0,8 mo 17,6+0,7 xene3/Mm? y 3-MeCSIUHBIX KUBOTHBIX U ¢ 19,84+0,7 1o
15,240,6 xene3/mm? y 9-mecssunbix. OTHOBPEMEHHO OTMEUYAJIOCh YBEITNUCHHE
nuameTpa cocynos ¢ 40,6+1,1 no 46,8+1,2 mxm u ¢ 45,3+1,2 1o 53,6+1,4 MkMm
COOTBETCTBEHHO. BbIsiBiIeHHbIE HM3MEHEHHs ObulM OoJee BBIpaKEHBl y 9-
MECAYHBIX KUBOTHBIX, YTO CBHUJETEIbCTBYET O BO3PACTHOM 3aBUCHMOCTHU
peaKIMK TKaHEH MaTKH Ha SKCIIEPUMEHTAIBHOE TIOBPEKIECHUE TICUCHH.

KuroueBble cioBa: Marka, NOBpPEXKIEHUE I€YeHHU, Mopdomerpus,
Oenible KpPBICHI, SHIOMETPUN, MATOUYHBIE >KEJEe3bl, KPOBEHOCHBIE COCY/bI,

BO3pPAaCTHBIC U3MCHCHUSI, IT'CIIMOTPUH.

I Oktyabr 2026 1o




I Oktyabr 2026 1
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ANNOTATSIYA

Tadgigotning maqgsadi eksperimental jigar shikastlanishidan keyin
urg‘ochi oq kalamushlar bachadonida yoshga bog‘liq morfometrik
o‘zgarishlarni o‘rganishdan iborat bo‘ldi. Tadqiqotga 3 va 9 oylik hayvonlar
jalb qilindi. Jigar shikastlanishi 25 mg/100 g tana vazniga miqdorda geliotrinni
bir martalik teri ostiga yuborish orgali modellashtirildi. Bachadon to‘qimalari
gistologik usulda tekshirildi, morfometrik ko‘rsatkichlar esa QuPath 0.5.1
dasturi yordamida baholandi. Intakt hayvonlarda bachadonning aksariyat
morfometrik ko‘rsatkichlari yosh ortishi bilan oshib bordi. Bachadon
devorining umumiy qalinligi 3 oylik kalamushlarda 950+18 mkm, 9 oylik
hayvonlarda esa 1045420 mkm ni tashkil etdi. Jigar shikastlanishidan keyin
ushbu ko‘rsatkich mos ravishda 87517 va 925419 mkm gacha kamaydi.
Endometriy qalinligi yosh hayvonlarda 181+4 mkm dan 158+4 mkm gacha,
katta yoshdagi hayvonlarda esa 202+5 mkm dan 17144 mkm gacha pasaydi.
Bachadon bezlari diametri mos ravishda 27,440,7 dan 23,8+0,6 mkm gacha va
30,4+0,8 dan 25,7+0,7 mkm gacha kamaydi. Bezlar zichligi 3 oylik
kalamushlarda 21,3+0,8 dan 17,6+0,7 bez/mm? gacha, 9 oylik hayvonlarda esa
19,8+0,7 dan 15,240,6 bez/mm? gacha kamaydi. Aksincha, qon tomirlari
diametri 40,6+1,1 dan 46,8+1,2 mkm gacha va 45,3+1,2 dan 53,6+1,4 mkm
gacha oshdi. Aniglangan o‘zgarishlar 9 oylik hayvonlarda yaqqolroq namoyon
bo‘lib, bachadon to‘qimalarining eksperimental jigar shikastlanishiga javobi

yoshga bog‘ligligini ko‘rsatdi.
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Kalit so‘zlar: bachadon, jigar shikastlanishi, morfometriya, urg‘ochi oq

kalamushlar, endometriy, bachadon bezlari, qon tomirlari, yoshga bog‘liq
o‘zgarishlar, geliotrin.

Introduction

The liver performs important metabolic, detoxification, endocrine,
immune, and hemodynamic functions. Therefore, hepatic injury may affect the
structural and functional state of organs located outside the primary site of
damage. The uterus is particularly sensitive to systemic metabolic and
hormonal changes, as well as alterations in tissue microcirculation. Age may
additionally influence the degree of morphological response of uterine tissues
to pathological factors. The comparative assessment of uterine morphometry at
different ages may therefore provide important information about age-
dependent tissue responses to liver injury.

Aim

The aim of the study was to determine age-related morphometric changes
in the uterus of 3- and 9-month-old female albino rats following experimental
liver injury.

Materials and Methods

The study was performed on female albino rats aged 3 and 9 months.
Experimental liver injury was induced by a single subcutaneous administration
of heliotrine at a dose of 25 mg/100 g body weight. Age-matched intact animals
were used as controls. After the experiment, uterine tissues were fixed in 10%
neutral formalin and processed according to standard histological procedures.
Paraffin sections with a thickness of 4-5 um were prepared and stained with
hematoxylin and eosin. Morphometric assessment was performed on digital
microphotographs using QuPath 0.5.1 software. The total uterine wall
thickness, endometrial and myometrial thickness, epithelial height, stromal
thickness, diameter and density of uterine glands, diameter of myometrial

muscle fibers, and vascular diameter were evaluated.
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Results

In intact animals, most morphometric parameters demonstrated an age-
related increase. Total uterine wall thickness was 950+18 pum in 3-month-old
rats and 1045+20 pum in 9-month-old rats. Endometrial thickness increased
from 18144 to 202+5 um, while stromal thickness increased from 156+3 to
170+4 um. The diameter of uterine glands increased from 27.4+0.7 to 30.4+0.8
um, and myometrial thickness increased from 738+12 to 798+14 um.

Following experimental liver injury, a decrease in most uterine
morphometric parameters was observed. In 3-month-old animals, uterine wall
thickness decreased to 875+17 um, endometrial thickness to 158+4 um,
epithelial height to 17.84+0.3 um (p<0.001), and stromal thickness to 138+3 pum.
Uterine gland diameter decreased to 23.8+0.6 um (p<0.001), while gland
density decreased from 21.34+0.8 to 17.64+0.7 glands/mm? (p<0.01). Myometrial
thickness decreased to 69011 um and muscle fiber diameter to 12.8+0.3 pum.
In contrast, vascular diameter increased from 40.6+1.1 to 46.8+1.2 pum
(p<0.01).

The changes were more pronounced in 9-month-old animals. Uterine
wall thickness decreased to 925+19 um, endometrial thickness to 171+4 um,
epithelial height to 18.2+0.3 um (p<0.001), and stromal thickness to 148+3 pum.
Gland diameter decreased to 25.7+0.7 um (p<0.001), while gland density
decreased to 15.2+0.6 glands/mm? (p<0.001). Myometrial thickness and
muscle fiber diameter decreased to 73113 and 13.7+0.3 um, respectively.
Vascular diameter increased to 53.6+1.4 um (p<0.001).

Conclusion

Experimental liver injury is associated with pronounced morphometric
alterations in the uterus of female albino rats. The main changes include
reductions in uterine wall, endometrial and myometrial thickness, epithelial
height, stromal thickness, uterine gland diameter and density, accompanied by

an increase in vascular diameter. The magnitude of these changes was greater
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in 9-month-old animals than in 3-month-old animals, demonstrating an age-
dependent pattern of uterine response to experimental liver injury.

Keywords: uterus, experimental liver injury, age-related changes,
morphometry, endometrium, myometrium, uterine glands, blood vessels,
female albino rats, heliotrine.
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