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The early postnatal organogenesis of the canine female reproductive tract marks a critical phase of
morphofunctional and histochemical remodeling. This study targeted the biological characterization of age-
dependent tissue development in the ovaries, uterus, and oviducts of female canine puppies between the 3rd and 8th
weeks of postnatal life. Experimental procedures were executed using healthy female puppies divided into two age-
matched cohorts (n=3). Excised tissue samples were fixed in 10 % neutral buffered formalin, embedded in paraffin,
sectioned at 4-7 pm, and subjected to hematoxylin-eosin, Alcian blue (pH 2.5), and Periodic acid—-Schiff (PAS)
staining. Morphometric processing was performed using the Fiji Imagel software, and mean differences were
statistically evaluated via the independent samples Student t-test using SPSS. Histochemical evaluation confirmed
the physiological initiation of endometrial secretory activity, as marked by the transition of neutral
mucopolysaccharides within the uterine glands from a completely negative profile at 3 weeks to a distinct weak
positive reaction by the 8th week of age. Morphometrically, the uterine wall exhibited highly significant vertical
cellular hypertrophy of the luminal lining, manifested by a 5.2-fold increase in epithelial height from 5.50+0.93 pm
to 28.50+2.91 pm (P=0.0001). Concurrently, intense longitudinal organ elongation resulted in a significant 39.4 %
reduction in total uterine wall thickness from 447.40+53.45 pm to 271.30+40.45 um (P=0.0303) and a synchronized
39.3% reduction in total oviductal wall thickness from 220.00+29.74 um to 133.50+4.71 um (P=0.0207). While the
primary inner oviductal luminal epithelium maintained strict cytological stability between the 3rd and 8th weeks
(10.00+1.76 pm versus 11.90+1.53 um, respectively; P=0.4407), the functional ovarian cortex exhibited active
folliculogenesis, characterized by a statistically significant 23.6 % linear expansion of the primordial follicle
diameter from 27.50+1.20 um to 34.00+1.85 pm (P<0.05). These quantitative relative and absolute indices establish
definitive baseline criteria for mammalian reproductive histogenesis and provide critical reference profiles for
evaluating developmental pathology in canine veterinary medicine.

Keywords: endometrial maturation, histomorphometry, neutral mucins, ovarian cortex, uterine development,
canine female puppies.

Po3BuTOK Ta ricroxiMiuHe J0C/iKEHHsSI PeNPOAYKTHBHOI CHCTEMH CaAMOK C00aK
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PanHifi HOCTHAaTanBHUI  OpPraHOr€HE3  PENPOAYKTHBHOI  CHCTEMH  CCaBI(iB  3aKJaJa€  KPUTHUYHY
MOpGhOoYHKI[IOHAIBHY OCHOBY AJIs IOJAJIBIIOr0 CTATEBOro a03piBaHHS Ta (epTHabHOCTI. JlaHe IOCIiKeHHs
MPUCBSTYECHE XapaKTEPUCTHUIII BIKOBUX 3aKOHOMIPHOCTEH PO3BUTKY TKAaHUH S€YHHKIB, MATKH Ta SHLIETIPOBOIIB CAMOK
LYLEHAT y XPOHOJIOTIYHOMY iHTEpBali MiX 3-M Ta 8-M TIKHSAMH INOCTHATaJbHOrO mepiony. ExcriepuMeHTH
MPOBOJMIIM Ha KJIIHIYHO 30POBHX TBapHHAX, PO3IUICHUX Ha ABI BiKOBi Ipymu. 3pasku oprauis ¢ikcysamu B 10 %
HelTpansHOMY (opMaltiHi, 3aauBau B napadiH, Hapi3aiu 3pi3u TOBIUHOK 4—7 MKM Ta (apOyBaii reMaTOKCHIIiH-
eo3uHOM, aniianoBum cuHiMm (pH 2,5) Ta mingaBamu IIK-peakuii. MopdomeTpito mapiB TKaHWH BUKOHYBaJlIU B
nporpami Fiji ImageJ 3 nojanbmnuM CTaTUCTUYHAM aHATI30M JaHHX 3a JOMOMOTOI0 ABOBHOIPKOBOTO t-KpHTEPilO
Creionenrta B makeri nporpam SPSS. TicToXiMi4HO BCTaHOBJIEHO MNOYAaTOK (YHKI[IOHAJIBHOTO JO3PiBaHHS
CHIOMETPII0, IO BHPAXKAIOCA y MEPEXO/l CeKpelii HeHTpaJbHUX MYKOMOIiCaXxapuaiB y MaTKOBHX 3a103aX Bif
a0COJIOTHO HEraTWBHOI peakuii y 3 TwkHi 10 cirabkono3uTuBHOI y 8-TmxkHEBOMY Bili. MopdomerpuuHo
3a(hikCOBAaHO BUCOKO3HAUYIly BEPTHKANbHY KIITHHHY TilepTpoQito emiTemnito clIu30B0i 000JIOHKH MaTKH, BUCOTA
sikoro 30impmmacs y 5,2 pasza — 3 5,50+0,93 mxm mo 28,50+2,91 mxm (P=0.0001). OqHOYAaCHO 3 UM TIO3/I0BKHE
BHUJIOBXEHHS OpraHiB INpPH3BEIO 10 (i3i0NOTIYHOTO CTOHINCHHS IIapiB, 30KpeMa: TOBIIMHA CTIHKH MAaTKH
3MmeHmmnacs Ha 39,4 % — 3 447,40+53,45 mxm 10 271,30+40,45 mxm (P=0.0303), a TOBIIMHA CTIHKH SHLETIPOBOAY
ckopormiacs Ha 39,3 % — 3 220,00+29,74 mxm g0 133,5044,71 mxm (P=0.0207). Ha Tni moBHOI IMTONOTIYHOT
cTabITBHOCTI emiTeNito CIM30BO1 000JOHKH siinenpoBoxy Mik 3-M Ta 8-M TwkHAMu (10,00+1,76 MkM mpoTn
11,90+1,53 mxm  BigmosizHo; P=0.4407), y kopi sieuHHKa crocrepiraBcsi craOiabHHN (omiKymoreHes i3
3aKOHOMIPHHM JIiHIHHAM 30LIBIIEHHSAM JAiaMeTpa IPEMOpAiaabHEX (orikynis Ha 23,6 % — 3 27,50+1,20 MxM 10
34,00+1,85 mxm (P<0.05). OtpumaHi siKicHI Ta KiNbKiCHI MOKa3HHUKM MarOTh CYTTEBY IPAKTH4HY LIiHHICTH UIs
BeTepHHApHOi Mopdoorii Ta eMOpioJorii, OCKITBKH BHCTYIAIOTh CTAIOHHHM BIKOBHM HOPMATHBOM IS
JIarHOCTHKH BPO/UKCHUX MATOJIOTIH PO3BUTKY Ta CHIOKPUHHHUX MOPYLICHb Y CYK.

KumiouoBi cjioBa: 103piBaHHs €HIOMETPIIO, TicTOMOP(HOMETpis, HEHTPaIbHI MyLHHH, KOPa SE€YHHKA, PO3BUTOK
MaTKH1, CAMKH LIyLICHSAT.

Bidaiorpadiunnii onuc aas uuryBauus: Axmed H. M., IOuic H. A. C., Hacep P. A. A. Po3BUTOK Ta TiCTOXIMiYHE JOCIIJKCHHS PENpOIayKTHBHOT
CHUCTEMH CaMOK co0aK y MoCTHATaNbHUM 11epiof. Scientific Progress & Innovations. 2026. Ne 29 (2). C. 141-149.
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Introduction

At birth, the morphologically indifferent reproductive
system undergoes phenotypic sexual differentiation
driven by the expression of the sex-determining region Y
(SRY) gene on the Y chromosome [1]. The internal
genital tracts of males and females are primarily
derived from the paired mesonephric (Wolffian) and
paramesonephric (Miillerian) ducts, respectively [2].
The vertebrate urogenital complex, comprising the
kidneys, gonads, and urinary and reproductive tracts,
initiates development during gastrulation via the
differentiation of the intermediate mesoderm [3]. The
formation of the renal tubules, testes, and female
reproductive tracts involves extensive embryonic tissue
proliferation and mesenchymal-to-epithelial transition.
Prior to phenotypic sexual differentiation, mammalian
embryos characteristically possess both pairs of genital
ducts. In the male embryo, the Wolffian ducts
differentiate into the epididymides, vasa deferentia, and
seminal vesicles. Conversely, the Miillerian ducts develop
adjacent to the mesonephric structures, subsequently
giving rise to the oviducts, uterus, cervix, and cranial
vagina [4].

Postnatal development of the female reproductive
organs represents a continuous physiological progression
intricately linked to prenatal organogenesis, which
systematically extends through puberty until the
attainment of full sexual maturity [5]. In heifers, a
substantial increase in uterine weight, closely
correlated with circulating gonadal hormone profiles, is
observed up to the sixth month of life, after which the
developmental growth rate typically plateaus [6].
Comparable postnatal macro-morphological changes,
including distinct fluctuations in vaginal length
and weight, have been documented in West African dwarf
goats [7], while age-dependent histological modifications
of the vaginal wall with maturity have been described
in domestic pigs [8]. Furthermore, specific gross
anatomical variations exist among distinct mammalian
orders; for instance, the female guinea pig
characteristically lacks a distinct vestibule at the caudal
terminus of the reproductive tract, with the external
vaginal orifice directly marking the functional termination
of the vagina [9]. Unlike males, which maintain active
spermatogenesis throughout their entire reproductive
lifespan, mammalian females possess a finite, non-
renewable pool of primordial oocytes established strictly
at birth [5].

The aim of the study

The aim of the current study was to investigate
the postnatal macro-morphological, histological,
and histochemical development of the female
reproductive system in canine puppies during the
early postnatal period. Specifically, this work aimed to
provide a comparative quantitative and qualitative
evaluation of structural and morphometric alterations in
the ovaries, uterus, and oviducts between the third and
eighth weeks of age, establishing a baseline for
understanding tissue remodeling and early organogenesis
in canine females.

Materials and methods

Animal grouping and tissue collection

A total of six healthy female canine puppies were
obtained from local veterinary clinics and divided into
two age-matched experimental groups: a 3-week-old
group (n=3) and an 8-week-old group (n=3). Prior to
tissue sampling, the somatic body weight of each animal
was determined using an electronic precision balance, and
somatic parameters were standardized according to
established mammalian developmental indices.

To ensure humane tissue harvesting and complete
compliance with ethical standards, the animals were
subjected to a standardized pre-euthanasia sedation and
deep anesthesia protocol utilizing a combination of
diazepam, propofol, and ketamine hydrochloride [10].
Following the confirmation of complete loss of
consciousness and reflex activity, euthanasia was
performed, and the female reproductive tracts were
immediately excised.

Tissue specimens from the ovaries, uterine horns,
uterine body, and oviducts were carefully isolated and
thoroughly rinsed in 0.9 % physiological saline solution
to remove excess erythrocytes. The collected specimens
were then systematically fixed in 10 % neutral buffered
formalin for 48 hours at room temperature for subsequent
histological and histochemical investigations.

Routine histological and histochemical processing

The study was conducted at the Department of
Anatomy, Faculty of Veterinary Medicine, University of
Diyala, using tissue specimens collected from healthy
female puppies during the period from March to
September 2025. Following fixation, the tissue samples
underwent automated dehydration using a series of
ascending ethanol concentrations (50 %, 70 %, 80 %,
90 %, and 100 %) for two hours per station. The
dehydrated specimens were cleared in xylene for two
changes of one and two hours, respectively, and
subsequently infiltrated with molten paraffin wax at 58—
60°C for two hours.

The infiltrated tissues were embedded into paraffin
blocks using a tissue embedding center. Serial sections
were cut at a thickness of 5-7 um for routine histology
using a rotary microtome, mounted onto glass slides, and
maintained in an incubator at 37°C for 24 hours prior to
morphological staining. The fundamental parameters of
tissue block sectioning and early slide incubation
protocols were adapted from established comparative

non-mammalian and avian upper digestive tract
histomorphological models [11].

For routine morphological examination and
histopathological evaluation, tissue sections from

the uterine horns, body, and ovarian cortex were
prepared, cleared, and stained according to standard
laboratory protocols and textbooks on universal
histotechniques [12]. Structural interpretations and
early zonal cell identification maps were comparatively
evaluated against documented reproductive histogenesis
profiles of adult and pregnant domestic cats (Felis
catus) [13]. Serial sections were also cut at 4 pm for
specific histochemical evaluations. Histometrical and
morphometric measurements of the uterine layers,
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epithelial heights, total wall thicknesses, and primordial
follicle diameters were performed using the Fiji Imagel
image analyzer software system, implementing automated
pixel-to-micrometer calibration curves historically
utilized in avian intestinal mucosal morphometry [14].

Histochemical characterization of secretory profiles
was performed using the Periodic acid—Schiff (PAS) test
to identify the expression of neutral polysaccharides and
mucins within the developing genital tract and uterine
glands, utilizing enzymatic and cellular degradation
control methods established for complex intracellular
carbohydrate screening [15]. Concurrently, Alcian blue
(AB) staining at pH 2.5 was utilized to verify the presence
and distribution of acidic mucopolysaccharides (mucins).
Photomicrographs were captured using an Olympus
digital microscope camera (Olympus, Japan).

Statistical analysis

All biometric and morphometric data were subjected
to statistical analysis using the Statistical Package for the
Social Sciences (SPSS) software program [16] to
determine the significance of differences in study
parameters between the age groups. Data were expressed
as Mean + Standard Error (SE). To evaluate the
significance of variations between the two independent
experimental groups (3 weeks versus 8 weeks), a two-
tailed independent-samples Student's t-test was utilized.
Differences were considered statistically significant at
P<0.05 and highly significant at P<0.01.

Results and discussion

Histological features at three weeks of age

Histomorphological evaluation of the female
reproductive system in 3-week-old canine puppies
revealed distinct tissue architecture in both the ovaries
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and the uterus. The ovarian cortex characteristically
contained numerous clusters of primordial follicles nested
within the connective tissue stroma. While individual
follicles exhibited normal developmental features, signs
of physiological atresia accompanied by localized
collagen bundles and active fibroblasts were observed.
Each primordial follicle was lined by a single layer of
simple squamous follicular cells. Select oocytes within
these follicles possessed distinct, spherical basophilic
nuclei surrounded by a well-defined cytoplasm,
whereas others exhibited nuclear regression or appeared
anucleated under light microscopy. The ovarian
surface was delimited by a continuous germinal
epithelium composed of simple cuboidal cells, supported
externally by a tunica albuginea capsular layer rich in
collagen fibers.

Histological analysis of the uterine wall utilizing
hematoxylin and eosin (H&E) staining demonstrated an
active development of the mucosal layer. The
endometrium contained multiple developing uterine
glands lined by simple cuboidal epithelium, alongside
newly formed glandular structures surrounded by
primitive squamous cells. The lamina propria was
characterized by loose connective tissue containing
abundant fibroblasts. Distinct aggregations of adipocytes
were identified surrounding the periphery of the uterine
glands, and prominent neocapillarization was evident
throughout the stromal layer (Fig. 1).

The endometrial mucosa was arranged into numerous
complex folds lined by a prominent simple cuboidal
epithelium. The functional zone of the lamina propria
hosted primitive, newly formed tubular uterine glands
within a matrix of loose connective tissue. Due to the
extensive branching and projections of these endometrial
folds, the uterine lumen characteristically assumed a
distinctive stellate appearance.

Fig. 1. Morphological features of the uterine wall in 3-week-old canine puppies (H&E staining).

a — endometrial mucosa under higher magnification showing the simple cuboidal luminal epithelium (A); developing primitive uterine glands (B);
artifactual retraction spaces between the glandular epithelium and the basement membrane (C); and a dense population of stromal fibroblasts
intermingled with migrating white blood cells (WBCs) within the lamina propria (D) (x40).

b — panoramic view of the endometrium demonstrating structural collagen bundles interwoven with active fibroblasts (A); well-differentiated uterine
glands lined by simple cuboidal epithelium (B); newly formed primitive glandular nests (C); interstitial adipocyte/fat cell aggregations (D);
loose connective tissue stroma infiltrated by residential WBCs (E); and prominent intramural neocapillarization (F) (x10).

Histochemical and comparative findings
Histochemical analysis using Alcian blue staining
revealed that a substantial number of the developing

uterine glands lacked detectable secretory products
within their lumens. These glandular structures
were structurally supported by dense collagen bundles
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intermingled with a high density of active fibroblasts and
scattered wandering white blood cells (WBCs) localized

within the deeper regions of the endometrial stroma
(Fig. 2).

Fig. 2. Histochemical features of the uterine wall in 3-week-old canine puppies (Alcian blue staining).

A — panoramic view of the deep endometrium showing the simple cuboidal luminal epithelium (a); elongated, branching uterine glands (b)
supported by prominent perifollicular collagen bundles; and a highly cellular stroma containing numerous active fibroblasts
intermingled with migrating white blood cells (c) (x10).

B — higher magnification of the broad endometrial stromal layer demonstrating newly formed, primitive uterine glands (a) characterized by
a low cuboidal lining and distinctly narrowed, empty lumens; randomly distributed stromal fibroblasts and collagen bundles interwoven with dense
inflammatory cell infiltrates (b) (x40).

At this developmental stage, the endometrial layer
appeared significantly broader, characterized by a
random distribution of primitive, small uterine
glands. These newly formed glands were lined by a low
cuboidal epithelium and possessed distinctly narrowed
lumens.

When subjected to Periodic acid—Schiff (PAS)
staining to detect mucus acid polysaccharides, the
uterine glands of the 3-week-old canine puppies exhibited
a completely negative histochemical reaction,

demonstrating an absence of neutral mucins at this age.
Concurrently, Alcian blue staining of the ovarian
tissue sections at the same developmental stage
highlighted a distinct simple low cuboidal germinal
epithelium covering the ovarian surface. The subepithelial
cortical zone contained well-defined clusters of
primordial follicles characterized by spherical basophilic
nuclei. These follicular cell nests were demarcated and
encapsulated by prominent structural strands of collagen
fibers (Fig. 3).

Fig. 3. Histochemical characteristics of the ovary and uterus in 3-week-old canine puppies.

A — ovarian cortex highlighted by Alcian blue staining showing the thin simple low cuboidal germinal epithelium (a) on the outer surface;
distinct groups of nests containing primordial follicles (b) with spherical basophilic nuclei; and thick structural bands of collagen fibers (c)
compartmentalizing the follicular nests (x40).

B — endometrial matrix subjected to Periodic acid—Schiff (PAS) staining demonstrating intense PAS-positive reaction in the basement membrane of
the luminal epithelium (a); a newly formed branching uterine tubular gland (b) with a well-defined basement membrane; and residential stromal
fibroblasts within the supporting connective tissue (c) (x40).

Ovarian and uterine histomorphology at eight
weeks of age

Histomorphological and histochemical evaluation
of the female reproductive organs in 8-week-old
canine puppies demonstrated advanced tissue

differentiation. Under Periodic acid-Schiff (PAS)
staining, the surface of the ovarian cortex was found
to be lined by a well-defined simple cuboidal germinal
epithelium. The peripheral zone of the cortex contained
prominent clusters of developing primordial follicles,
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each enveloped by a single layer of simple squamous
follicular cells. The cortical stroma exhibited
dense networks of collagen fibers intermingled with a
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high density of active fibroblasts and localized white
blood cell (WBC) infiltrates within the deeper cortical
regions (Fig. 4).

e ] . -
A 5 '.N\ ;..' - x -
- L] l
- L ] # 'r\r_?r . |
- - " ‘ "
— T » i L3 =
.-n* - B‘ - . .!l \-: -8
I P T g . Dy,
g : 2 - A . >ir e
3 f-~2 T o N " A . B
. | LA - " & i - -
i - — S .'I'-Ii b D fﬁ"_:
B 3:“5 3 n s . . J.
: T 1 - -
ki S P AT Oy e demey
LR O AN 3
Fe - . .- . ’
A A v ler e ’ 2] e ~<8
Fa » " e ™ -
T ¢ T ¥i< ~P.;_ - W “. - b
b ~ .- & - g
l--l P - L s
F J. 3 . "
- . E = F
= e IR T - gty

b PP

Fig. 4. Histochemical and structural features of the ovary in 8-week-old canine puppies (PAS staining)

a — ovarian cortex demonstrating the continuous simple cuboidal germinal epithelium (A) on the outer surface; newly formed clusters of primordial
ovarian follicles (B) containing basophilic nuclei and enveloped by a single layer of simple squamous follicular cells (C); dense collagen fiber bundles
with fibroblasts (D); and localized white blood cell (WBC) infiltration (E) within the deeper cortical matrix (x40).

b — ovarian medulla exhibiting prominent medullary blood vessels characteristically devoid of erythrocytes (A); a delicate structural framework of
collagen fibers (B) interspersed throughout the vascular network; newly formed blood capillaries (C); and focal accumulations of residential WBCs
and tissue macrophages (D) (x40).

Examination of the ovarian medulla revealed
numerous prominent blood vessels, which were
characteristically devoid of erythrocytes and lined by a
continuous layer of flattened endothelial cells.
The medullary stroma was composed of a delicate
framework of collagen fibers distributed among
the vascular channels, presenting noticeable WBC
infiltration, scattered macrophages, and residential
fibroblasts aligned with the collagenous extracellular
matrix. Concurrently, histochemical analysis
of the uterine wall at 8 weeks of age demonstrated
that the developing uterine glands exhibited a
weak positive PAS reaction, indicating the initiation of
neutral mucopolysaccharide and mucus secretion
within the glandular epithelium at this developmental
stage.

Statistical and morphometric analysis of postnatal
development

Comparative statistical analysis of the biometric
parameters across different postnatal stages demonstrated
significant age-dependent development in female
canine puppies. The body weight of the puppies
significantly increased with age, with the 8-week-old
group exhibiting a highly significant increase in mean
body weight (3.016+0.08 g) compared to the 3-week-old
group (2.128+0.11 g; P=0.0045).

Furthermore, an evaluation of the total weight of the
female reproductive tract revealed a synchronized
developmental progression. A highly significant increase
in reproductive system mass was documented in the 8-
week-old puppies compared to the 3-week-old animals,
which presented a mean reproductive tract weight of
3.104+£0.29 g (P=0.0004). These findings establish a
strong positive correlation between somatic growth and
the  macro-morphological development of the

reproductive organs during the early postnatal period
(Table 1).

Table 1

Effect of postnatal age on body weight and total
weight of the female reproductive system

in canine puppies, Mean+SE

S Body weight, Weight of female
reproductive system, g
Week 3 2.128+0.110 1.21440.130
Week 8 3.016+0.083 3.104+0.290
Significance P=0.0045 P=0.0004

Note: statistically highly significant differences are observed between
the age groups (P<0.01).

Morphometric analysis of the uterine tissue sections
revealed substantial age-dependent remodeling of both
the mucosal lining and the total wall thickness. The height
of the uterine luminal epithelium demonstrated a highly
significant increase associated with the postnatal
advancement of the animals. In the 8-week-old group, the
epithelial height reached a mean value of 28.50+2.91 pm,
establishing a highly significant difference compared to
the 3-week-old group, which presented a baseline
epithelial height of 5.50+£0.93 um (P=0.0001).

Conversely, an inverse morphometric trend was
documented regarding the total wall thickness of the
uterus. The total uterine wall thickness was significantly
greater in the 3-week-old puppies, presenting a mean
value of 447.40+£53.45 pm. In contrast, the 8-week-old
group exhibited a significantly reduced wall thickness,
averaging 271.30+£40.45 pm (P=0.0303). This structural
thinning of the uterine wall, occurring concurrently with
the vertical hypertrophy of the luminal epithelium,
reflects intensive longitudinal elongation and regional
architectural reorganization of the myometrium and
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endometrium during this specific phase of early postnatal
organogenesis (Table 2).

Table 2

Effect of postnatal age on luminal epithelial height
and total wall thickness of the uterus

in canine puppies, Mean+SE

Age group Epithelial height, pm Total wall thickness, pm
Week 3 5.50+0.93 447.40+53.45
Week 8 28.50+2.91 271.30+40.45
Significance P=0.0001 P=0.0303

Note: statistically significant difference (P<0.05); Statistically highly
significant difference (P<0.01).

Morphometric investigation of the oviduct structures
demonstrated architectural alterations in total wall

thickness alongside structural stability in the mucosal

Table 3

lining. A statistically significant age-dependent decrease
in the total wall thickness of the oviduct was documented.
In the 3-week-old puppies, the total wall thickness
averaged 220.00+29.74 um, whereas a significantly
reduced wall thickness of 133.50+4.71 um was recorded
in the 8-week-old group (P=0.0207). This variation
represents localized tissue thinning and longitudinal
stretching of the oviductal wall during early postnatal
development.

In contrast, the height of the oviductal luminal
epithelium remained highly stable between the two
developmental stages. No statistically significant
differences were observed in epithelial height between the
3-week-old and 8-week-old groups, with the
morphometric ~ values  demonstrating  statistical
homogeneity (10.00+1.76 um versus 11.90+1.53 pum,
respectively; P=0.4407, NS; Table 3).

Effect of postnatal age on luminal epithelial height, total wall thickness of the oviduct, and primordial follicle diameter

in canine puppies, Mean+SE

Age group Oviductal epithelial height, pm Oviductal total wall thickness, pm Primordial follicle diameter, pm
Week 3 10.00£1.76 220.00+29.74 27.50+1.20
Week 8 11.90+1.53 133.50+4.71 34.00=1.85
Significance P=0.4407 (NS) P=0.0207 P<0.05

Note: NS = non-significant (P>0.05). Statistically significant difference (P<0.05).

Concurrently, morphometric assessment of the
ovarian tissue sections revealed steady growth dynamics
in the early stages of oogenesis, with the mean diameter
of the primordial follicles significantly expanding from
27.50£1.20 pm at 3 weeks to 34.00+1.85 um at 8 weeks
of age (P<0.05).

The canine female reproductive tract encompasses the
paired ovaries, which serve as the primary oocyte
reservoir, alongside the tubular genital ducts including the
bi-cornuate uterus, a small uterine body, and the oviducts.
During early postnatal ontogenesis, circulating
gonadotropin and ovarian steroid levels characteristically
exhibit low, irregular profiles, actively modulating both
the biochemical microenvironment and structural
properties of these developing tissue layers.

In the current study, morphometric and histochemical
tracking of the canine reproductive organs revealed
distinct chronological remodeling. At 3 weeks of age, the
ovarian cortex contained prominent clusters of primordial
follicles enclosed by supporting collagen bundles. While
individual follicles presented normal morphology, signs
of physiological atresia accompanied by nuclear
regression were observed, with the primordial follicles
exhibiting a negative histochemical reaction under PAS
staining. These baseline cortical observations closely
align with the developmental chronologies documented in
historical canine studies [17]. Physiologically, while
prenatal oogenesis establishes the initial oogonial pool,
subsequent folliculogenesis occurs primarily postnatally.
Prior to partus, the mammalian ovary hosts mitotic
oogonial nests, whereas well-defined primordial follicles
systematically become apparent within the first two to
three weeks of postnatal life.

Concurrently, the uterine wall at 3 weeks of age
demonstrated an active mucosal expansion, characterized

by complex endometrial folds lined by a prominent simple
cuboidal epithelium. The supporting lamina propria
hosted primitive, newly formed tubular uterine glands
within a loose connective tissue matrix, creating a
distinctive stellate intraluminal appearance. These
structural configurations are consistent with classical
observations on early mammalian endometrial
histogenesis [18]. In comparison to other domestic
species, distinct inter-specific variations exist regarding
the timeline of postnatal uterine organogenesis. In heifers,
uterine development progresses continuously up to the
sixth month of life before entering a relative resting phase.
In domestic pigs, the uterine wall is characteristically
devoid of differentiated uterine glands and exhibits a
negative estrogen receptor-alpha profile at birth;
however, intense glandular differentiation and stromal
maturation are initiated within the first two weeks of
postnatal life [19]. These comparative data highlight that
pre-pubertal uterine growth dynamics, driven by
structural tissue remodeling, reach peak intensity between
the third and sixth months across distinct mammalian
taxa.

Furthermore, the surge of circulating gonadal
hormones during the late pre-pubertal phase exerts a
profound structural impact on the mammalian uterine
wall. These chronological tissue modifications closely
correspond with reproductive research conducted on
rodents [20]. This complex sequence of synchronized
morphogenetic and  cytodifferentiative  processes
establishes the primary foundation for definitive tissue
functionality in maturity. In all female mammals,
endometrial glands are fundamentally responsible for the
synthesis, secretion, and transport of a complex
histotrophic mixture of macromolecules required for pre-
implantation embryo maintenance [21]. In addition to
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serving as a crucial lubrication barrier, the intraluminal
mucus hydrates the mucosal surface, prevents bacterial
adhesion, and restricts pathogenic colonization,
protecting the lining from localized chemical and physical
harm.

In the current investigation, the functional initiation of
this glandular activity was tracked utilizing PAS staining
for neutral mucus polysaccharide secretion. The
histochemical reaction was completely negative in the 3-
week-old canine puppies, whereas a weak positive PAS
reaction emerged within the uterine glands by the 8th
week of postnatal life. This chronological onset of
secretory maturation strongly agrees with historical
baselines on early canine glandular differentiation [22].
In comparison to adult cyclical mammals, these early
postnatal profiles represent the primitive stages of
glandular development. During the luteal phase of
the human menstrual cycle, the uterine luminal epithelium
and glandular cells exhibit a robust increase in
PAS-positive neutral carbohydrates and acidic mucin
glycoproteins. Similarly, the intensity of the PAS reaction
within the uterine epithelium of adult goats fluctuates
dynamically from moderate to high density during
proestrus, estrus, and diestrus, declining significantly
during metestrus [23]. Conversely, in adult cows, both the
glandular epithelial cells and the Iuminal lining
characteristically lack carboxylated acid mucins. This
comparative matrix underscores that the weak positive
PAS reaction observed in our 8-week-old puppies marks
the precise physiological transition toward active, mature
mucopolysaccharide synthesis.

The biometric and morphometric alterations
documented in the current study underscore a
synchronized progression of early postnatal reproductive
development. The highly significant increase in
somatic body weight (from 2.128+0.110g to
3.016+£0.083 g) and total reproductive tract mass
(from 1.214+0.130 g to 3.104+0.290 g) between the 3rd
and 8th weeks of life demonstrates a tight correlation
between systemic somatic growth and reproductive
organogenesis, which is consistent with early mammalian
developmental indices [18]. These findings support
the consensus that endogenous ovarian steroidogenesis
exerts a primary regulatory influence on subsequent
uterine and stromal modifications, while minor
fluctuations in body mass play a secondary role.
Furthermore, any early exposure to exogenous hormonal
disruption, such as the administration of systemic
steroids during the initial postnatal weeks, is known to
induce severe structural and biochemical defects in
endometrial maturation, permanently compromising
future fertility [24].

Morphometrically, the highly significant increase in
uterine luminal epithelial height (from 5.50+0.93 pum to
28.5042.91 um) observed in the 8-week-old group
represents vertical cellular hypertrophy linked to active
mucosal differentiation. Conversely, the total uterine wall
thickness exhibited a significant reduction over the same
period (decreasing from  447.40+£53.45pum to
271.30440.45 pm). This structural pattern strongly agrees
with historical observations on pre-pubertal mammalian
uterine remodeling [25], reflecting intensive longitudinal

elongation and mechanical stretching of the organ wall as
the uterine horns expand during early ontogenesis.

A mirror morphometric trend was recorded within the
tubular genital ducts. The total wall thickness of the
oviduct decreased significantly from 220.00+29.74 um at
3 weeks to 133.50+4.71 um at 8 weeks (P=0.0207),
driven by the same mechanism of regional longitudinal
tissue expansion. Concurrently, the height of the oviductal
luminal epithelium maintained statistical homogeneity
(P=0.4407), proving that the functional inner lining
remains cytologically stable during this rapid macro-
morphological stretching phase. Synchronously, the mean
diameter of the primordial ovarian follicles demonstrated
a steady physiological enlargement, expanding
significantly from 27.50+1.20 pm to 34.00+1.85 pm by
the 8th week of age. This steady growth dynamic is
compatible with established folliculogenesis profiles [26],
indicating that early pre-antral follicle formation and
initial oocyte expansion progress as an age-dependent
physiological process, independent of external
environmental or energetic variations, preparing the
ovarian cortex for subsequent pubertal recruitment.

Conclusions

In conclusion, the early postnatal organogenesis of the
canine female reproductive tract between the third and
eighth weeks of life is driven by distinct, synchronized
tissue remodeling characterized by highly targeted
morphometric shifts rather than uniform growth. The
functional maturation of the endometrium is confirmed by
a histochemical transition of neutral mucopolysaccharides
within the uterine glands from a completely negative
reaction to a distinct weak positive profile under PAS
staining. Morphometrically, the uterine wall exhibits a
highly significant, more than 5-fold (5.2x) vertical
hypertrophy of the luminal epithelium (P=0.0001).
Concurrently, intense longitudinal organ elongation and
regional tissue stretching result in a 39.4 % reduction in
total uterine wall thickness (P=0.0303) and a 39.3 %
reduction in total oviductal wall thickness (P=0.0207)
during early tubular expansion. In contrast to the strict
cytological stability maintained by the oviductal luminal
epithelium (P=0.4407), the functional ovarian cortex
demonstrates a steady, age-dependent folliculogenesis
progression manifested by a 23.6 % linear expansion of
the primordial follicle diameter (P<0.05), thereby
establishing  crucial  relative  biophysical  and
histochemical baselines for the evaluation of early
reproductive development in canine females.
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