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Abstract

The mouse uterus undergoes continual histological and immunohistochemical changes during the estrous
cycle; these changes are regulated by the levels of ovarian hormones. Connective tissue growth factor
(CTGF), one of the first CCN members, is a multifunctional signaling modulator participating in a wide
variety of physiological and pathological processes, such as angiogenesis, osteogenesis, renal disorders, and
carcinogenesis. By using histological and immunohistochemical investigations, this study is to focus on the
changes of the expression levels of CTGF which are synchronized with the histological changes of the mouse
endometrium during the estrous cycle. At proestrus, the luminal epithelium is columnar, the uterine glands
are many and distributed evenly throughout the mucosa, at estrus, the luminal epithelial cells are columnar
and the lumina of uterine glands are wide pointing to functional activity. Metestrus showed degeneration of
endometrial columnar epithelium cells and endometrial atrophy continued degeneration of endometrial
epithelial cells. At the diestrus, luminal epithelium is low columnar and has no basement membrane.
Moreover, CTGF expressed strongly in the stroma of the endometrium, the connective tissue and blood
vessels of myometrium and perimetrium at proestrus and estrus phases. At metestrus, the expression of
CTGF was reduced to extremely low level in the endometrial stromal cells. In contrast, CTGF was expressed
moderately in the perimetrium, and in endometrial blood vessels and the connective tissues of myometrium.
At the diestrus, CTGF was expressed strongly in the blood vessels of endometrium and myometrium and
expressed moderately in the stromal cells of endometrium. The luminal epithelium and uterine glands
showed weak signal. Taking together, our results suggested that the growth of the endometrial stroma and
blood vessels is associated with the strong expression level of CTGF during the proestrus and estrus phases.
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Introduction

The female reproductive system of the mouse undergoes spectacular cyclic morphological,
histochemical, biochemical changes during the estrus cycle in response to hormonal stimuli [1]. Estrogen
secretion increases from a low during metestrus and diestrus to a peak of in proestrus [2] and progesterone
secretion increases in estrus [3, 4].

Determining the estrus stage is necessary for choosing the female mouse suitable for mating with a
male, in order to accomplish a timely pregnancy. In the mouse, there are four phases comprise the estrous
cycle, (proestrus, estrus, metestrus, and diestrus) and lasts for 4 to 5 days [S]. The wall of the mouse uterus
consists of three layers: (1) a luminal mucous membrane lining (endometrium), (2) an intermediate smooth
muscle layer (myometrium), and (3) an outer serosa, connective tissue and mesothelium (perimetrium).
The endometrium is the layer in which implantation takes place. The endometrial tissue's distinctive
feature is that, throughout pregnancy, it responds to cyclical hormonal cues from the ovaries and the
implanting embryo by changing morphologically and molecularly. during the estrous cycle, the
endometrial tissues undergo remarkable periodic morphological changes, growth, degeneration of the
epithelial cells [6], waves of stromal cell proliferation, differentiation, apoptosis, and tissue breakdown by
metalloproteases, and ultimate regeneration [7].

During endometrial changes, the endometrial blood vessels continuously undergo dramatic and regular
regeneration, which involves angiogenesis and neovascularization [8]. Under the hormonal control these
histological changes are considered to be regulated by cytokines and growth factors, several of which are
members of the transforming growth factor-p (TGF-B) superfamily [9]. The bone morphogenetic protein
(BMP) family is the largest subgroup of ligands in the TGF-f superfamily, which is closely associated with
biological processes and cellular events involved in uterine cell proliferation, differentiation, apoptosis,
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and tissue remodeling [9]. In the bitch uterus, the cyclic changes may be precisely regulated by the
combined functions of vascular endothelial growth factor VEGF family members, angiogenic VEGF and
VEGF receptors, and the angiogenesis inhibitor VEGI [10].

Connective tissue growth factor (CTGF), one of the first CCN members, is a multifunctional signaling
modulator participating in a wide variety of physiological or pathological processes, such as angiogenesis,
osteogenesis, renal disorders, and carcinogenesis [11]. The acronym CCN was conceptualized after the
initials of the first three proteins discovered in this family, namely: Cysteine rich angiogenic inducer 61
(CYRG61), connective tissue growth factor (CTGF) and Nephroblastoma overexpressed protein (NOV)
[12]. Moreover, CTGF was localized at high levels to both luminal and glandular uterine epithelial cells
during the diestrous and early proestrous stages and at much lower levels in the stroma or myometrium.
Epithelial expression of CTGF was considerably reduced at estrus. Complex hormonal, growth factor and
complementary receptor interactions also appear to play important roles in various events (proliferation,
differentiation) in normal cyclic uterine tissues [13]. Insulin- like growth factor-1 (IGF-1) and epidermal
growth factor (EGF) have been associated with uterine growth [14] EGF appears to be a potent mitogen in
mouse uterine cell cultures [15], and EGF-specific antibody blocks estrogen- induced uterine growth [16].
The objective of the present study is to focus on the changes of the expression levels of CTGF which are
synchronized with the histological changes of the mouse endometrium during the estrous cycle.

Materials and methods
Animals and experimental design

The Ethics Committee for Animal Experimentation of the Faculty of Science, Al-Azhar University,
Assiut approved the experiment. Adult virgin female mice (22-24 g) at an age of 8-10 weeks were used.
The habitat for Swiss mice during the experiment is maintained under stringent regulation at the Faculty of
Science animal facility, Al-Azhar University, Assiut with the accessibility of sufficient meals and water.
The female mice (n = 20) were divided into four groups; (1) pro estrus group (n =5), (2) estrus group (n =
5), (3) metestrus group (n = 5), and (4) diestrus group (n = 5). The animals were euthanized by cervical
dislocation.

The visual assessment

The visual assessment of the vaginal opening was performed during the estrus phases and
photographed by Oppo mobile phone camera.

Vaginal smear/cytology

Vaginal cytology is also commonly accepted, just like the ocular evaluation. It appears to be the
method most frequently employed to identify the stages of the estrous cycle. It is reasonably priced and
minimally invasive. This technique is accurate and dependable even if it demands a certain level of
proficiency to examine the vaginal discharge cells under a microscope. However, It has also been noted
that this approach is time-consuming and laborious [17]. The animal and its forepaws are restrained while
being evaluated. To see the vagina, the tail is raised. A small amount (100 pl) of Phosphate-buffered saline
is carefully introduced to cleanse the vaginal cells. Draw the liquid back into the tip after releasing it
gradually into the vagina; this should be repeated about 4 to 5 times in the same sterile latex bulb. After
that, the fluid with a few drops of cell suspension is put onto a glass slide, air-dried and stained by Giemsa
stain. The slides were immediately checked under a light microscope and captured by OLYMPUS PEN
Lite E-PL7 camera.

Morphological examination of the mouse uterus

The animals were euthanized by cervical dislocation during the estrus phases and the uterus was
removed and examined and photographed by Oppo mobile phone camera.
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Histological studies

Uterine horns were dehydrated in 100% ethyl alcohol for one hour, fixation by Carnoy's fluid for 2
hours, then cleared in xylene twice for one hour each, then placed in paraffin wax and baked twice for one
hour each at 60 °C. Blocks of paraffin wax were sectioned using the Leica RM microtome to a 7 pum
thickness, and the sections were then put on glass slides, Rehydrated with descending series of ethyl
alcohol and distilled water, after being dewaxed by xylene, then stained with Hematoxylin and Eosin (H &
E), then dehydrated using a sequence of increasing ethyl alcohol concentrations (50, 70%, 90%, and
100%), followed by xylene clearance and DPX mounting [18]. Photographs of stained slides were taken
using an OLYMPUS PEN Lite E-PL7 camera.

Immunohistochemical studies:

Immunohistochemistry's basic idea is to use enzymatic reactions to visualize target antigens through
antigen-antibody interactions. Tissue preparations embedded in paraffin were subjected to
immunohistochemical analyses and by using the EconoTek Kit (code: 800-729-8350, EconoTek Kit,
ScyTek Laboratories company, Logan, USA) and Horseradish peroxidase (HRP) method. The preparations
were rinsed twice for 5 minutes in 0.1 M phosphate buffer saline (PBS). The sections were incubated for
10 minutes at room temperature in a protein blocking solution (EconoTek Super block) to avoid
nonspecific staining. The preparations were then incubated for one hour at room temperature with the
primary antibody (Anti-CTGF Rabbit polyclonal IgG, Spring Bioscience, Canada, 1:200 dilution in
Phosphate buffer). Following two 5-minute washes in 0.1 M PBS, the preparations were incubated for 30
minutes at room temperature with biotinylated secondary antibodies (EconoTek Biotinylated Anti-
Polyvalent) before being rinsed twice for five minutes in 0.1 M PBS. Following a 30-minute incubation
period in HRP conjugate, the preparations were washed twice for a total of five minutes in 0.1 M PBS. The
formulations were exposed to 303-diaminobenzidine hydrochloride (DAB) for 5—15 minutes to visualize
the reaction. The sections were dehydrated and cleared by xylene [19]. After DPX mounted the slides, the
OLYMPUS PEN Lite E-PL7 camera was used to view and take pictures of the sections.

Results
The visual assessment

The vaginal entrance is big, swollen, and wet during the proestrus period. The vulva's dorsal and
ventral lips have longitudinal folds, and the tissues are reddish-pink (Fig. 1 A). The vaginal aperture is
greater during estrous than during proestrus, but the smaller external appearance due to strong swelling of
the vulva, the vulva's dorsal and ventral lips have more noticeable longitudinal folds, and the tissues are
less wet and lighter pink (Fig. 1 B). the vaginal aperture is dry and pallid during metestrus, and the vulva
does not enlarge, there are white cellular debris (Fig. 1 C). one of the characteristics of diestrus is an
extremely wet vaginal opening, which is very small with no tissue swelling (Fig. 1 D).

Proestrous Estrous Metaestrous Diestrous

Fig. 1 photographs of the vaginal opening (arrows) of the mouse showing different phases of estrous
cycle. A-Proestrus, B Estrus, C- Metestrus, D- Diestrus.
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Vaginal smear/cytology

The types of cells and their proportional numbers in vaginal smears are used to categorize the
stages of the estrous cycle. three kinds of cells have been detected, leucocytes, cornified epithelial cells and
nucleated epithelial cells. Many rounded nucleated cells can be seen separately or in clusters during the
proestrus phase, also few non-nucleated cornified epithelial cells. No leucocytes were detected (Fig. 2 A).
The estrus phase illustrates lots of irregular non-nucleated cornified epithelial cells and occasionally,
nucleated epithelial cells. No leucocytes were detected (Fig. 2 B). At metestrus, a lot of leucocytes and
non-nucleated cornified epithelial cells have been detected (Fig. 2 C). Diestrus shows a lot of
polymorphonuclear leukocytes and a few nucleated epithelial cells (Fig. 2 D). Morphologically, the widths
of the mouse uterus at proestrus and estrus are bigger than that at metestrus and diestrus (Fig. 3 A, B, C
and D).

Proestrous Estrous Metaestrous Diestrous
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Fig. 2 Microscopic Photos of vaginal smear of the mouse showing different phases of estrous cycle
according to cell types. a-Proestrus, b-Estrus, c-Metestrus, d- Diestrus.

The types of cells include cornified epithelial cells (CE), leucocytes (L) and nucleated epithelial cells (NE).
The slides were stained with Giemsa stain and examined under a light microscope immediately. Scale par;
(A,B,C,D)2.5um.
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Fig. 3 photographs of the mouse uterus in the different phases of estrous cycle. a-Proestrus, b-
Estrus, c- Metestrus, d- Diestrus. Ovary (O), uterine horn (UH), uterine body (UB).

Histological changes of the mouse uterus during the estrus cycle

At proestrus, the luminal epithelium is columnar, and mitosis of epithelial cells is seen with minimal
inflammatory cell infiltration and no degeneration (Fig. 4 D). The uterine glands are enlarged, and the
outlines of their cells are visible. The lack of mitoses suggests that the glands are not growing very much
during hyperfunction (Fig. 4 E). There are many glands that are uniformly spaced across the mucosa,
Cellular proliferation was seen in the thicker stromal connective tissue, and there were more blood vessels
(Fig. 4 A&B). The proestrus shows an undulating endometrium with projection in to the lumen (Fig. 4 A,
B & C). At estrus, Columnar luminal epithelial cells undergo somewhat frequent mitoses, and the
epithelium is devoid of leucocytes, The epithelium's basement membrane is distinct and substantial (Fig. 4
I). The uterine glands' broad lumina indicate functional activity (Fig. 4 J).
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During Metestrus, endometrial columnar epithelium cells began to degenerate, and endometrial
atrophy further accelerated this process. The uterine epithelium's basement membrane is completely absent
(Fig. 4 K, L, M, N and O). At diestrus, A tiny, avascular lumen that resembles a slit is present, the luminal
epithelium is low columnar and has no basement membrane. At this stage, there is stromal oedema and the
endometrium is extremely thin with atrophied endometrial matrix (Fig. 4 P, Q, R, S, and T).

Proestrous Estrous Metaestrous Diestrous

Fig. 4. Microscopic photos of cross sections of the mice uteri during different phases of estrus cycle.
Histology of the uterine horn of proestrus phase (A, B, C, D and E), estrus phase (F, G, H, I and J),
metestrus phase (K, L, M, N and O), and diestrus phase (P, Q, R, S, and T). (H & E staining). Scale bar:
(A, F, K, and P) 50um, (B, G, L and Q) 25um, (C, H, M and R)10pm, (D, E, I, J, N, O, S and T) Spm.
luminal epithelium (LE), stroma (S), uterine gland (UG), uterine lumen (UL).

Immunohistochemical localization of CTGF of the mouse uterus during the estrus cycle

At proestrus, the expression of (CTGF) was localized strongly in the stroma of the endometrium, the
connective tissue and blood vessels of myometrium and perimetrium. The luminal and glandular epithelial
cells showed weak signal (Fig. 5 A, B, C, D and E). At estrus phase, the expression of (CTGF) was similar
to that at proestrus localized strongly mainly in the stromal cells of endometrium and in the myometrium
particularly, the connective tissue and blood vessels (Fig. 5 F, G, H, I and J). At metestrus, the expression
of CTGF was reduced to very low level in the endometrial stromal cells. In contrast, CTGF was expressed
moderately in the perimetrium, and in endometrial blood vessels and the connective tissues of myometrium
(Fig. 5 K, L, M, N and O). At diestrus, the CTGF was expressed strongly in the blood vessels of
endometrium and myometrium, and expressed moderately in the stromal cells of endometrium. The
luminal epithelium and uterine glands showed weak signal (Fig. 5 P, Q, R, S, and T).
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Proestrous Estrous Metaestrous

Diestrous

Fig. 5. Microscopic photos of cross sections of the mice uteri during different phases of estrus cycle.
Immunohistochemical localization of CTGF of the uterine horn at proestrus phase (A, B, C, D and E),
estrus phase (F, G, H, I and J), metestrus phase (K, L, M, N and O), and diestrus phase (P, Q, R, S, and T).
Scale bar: (A, F, K, and P) 50um, (B, G, L and Q) 25um, (C, D, E, H, I, J, M, N, O, R, S and T) 10pm.
blood vessels (BV), luminal epithelium (LE), myometrium (M), perimetrium (P), stroma (S), uterine gland
(UG), uterine lumen (UL).

Discussion

During estrous cycle, the stages were determined by observing different morphological and
histological changes in the reproductive tract of cycling females, as well as behavioral changes (such as
accepting copulation), These included the microscopic alterations in the ovaries and uterine tissue as well
as the macroscopic alterations in the vulva (like swelling), vaginal excretions (like bleeding & mucus), and
uterus (like congestion) [20]. Both rats and mice often have 4-5 day estrus cycles, while some individuals
may occasionally have 6-day cycles [21, 22]. A detailed macroscopical and microscopical description of
the vaginal canal alterations that take place during the estrus cycle was provided by histology and
cytology. Additionally, the alterations that take place in other reproductive organs throughout the estrus
cycle were linked to these vaginal modifications in the rat and mouse [23].

The current study revealed that Estrous cycle phases can be ascertained using a variety of methods.
Choosing the right approach to use requires careful consideration. In live animals, cytology of the vagina
continues to be the perfect standard, on which other techniques are validated [24]. The most important
target organs for progesterone and estrogen, whose levels fluctuate often throughout the estrus cycle,
include the uterus, cervix, and vagina [25]. Studies have shown the high expression of estrogen and
progesterone receptors in endometrial tissue [26]. The vaginal smears of mature female mice were
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analyzed under a microscope in this study, and the results showed a high degree of consistency with the
cytology patterns used to describe the various stages of the experimental animals' estrous cycles [27].
Leukocytes, cornified epithelial cells, and nucleated epithelial cells are the main types of cells seen in
vaginal smears. The percentage of two cell types seen in the vaginal smear is used to determine the estrous
stage: (1) the epithelial cells which are originate from the stratified squamous epithelium lining the vagina
and (2) polymorphonuclear leukocytes, primarily neutrophils [28]. The proportion of cornified epithelial
cells, nucleated epithelial cells, and leukocytes was used to characterize each stage. Nucleated epithelial
cells predominate in the proestrus stage of the estrus cycle, while cornified epithelial cells are very
abundant in the estrus stage. mixture of all three cell types characterizing the metestrus stage, with
leukocytes making up the largest proportion. Leukocyte invasion starts during metestrus and continues into
diestrus [29].

Our results showed that the mouse uterus undergoes some histological changes during the estrus cycle,
these alterations comprised the endometrial columnar epithelium's recurrent growth and exfoliation as well
as the glands' recurring modifications. At proestrus, the columnar luminal epithelium showed the mitoses,
the uterine glands are many and distributed evenly throughout the mucosa. Cellular growth was seen in the
thickened stromal connective tissue, and there were more blood vessels overall. At estrus, the luminal
epithelial cells are columnar, mitosis is moderately frequent. The basement membrane of the epithelium is
distinct and heavy. The lumina of uterine glands are wide pointing to functional activity. Metestrus showed
Endometrial atrophy and endometrial columnar epithelium cell degeneration. At diestrus, the luminal
epithelium is low columnar and the endometrium is very thin with endometrial matrix atrophy, this change
coincides with Ajayi & Akhigbe in their study on rats. The ovarian hormones are responsible for these
changes occurring during the estrous cycle [28].To understand the mechanism by which these changes are
regulated by ovarian hormones, Throughout the estrous cycle, the uterus changes morphologically in
response to the steroidal environment created by the Iuteal and preovulatory processes [30].

Histological alterations in the luminal and glandular epithelium, stromal cells, uterine gland secretory
activity, and the distention and shape of the uterine lumen are among the changes observed in the uterus,
total uterine thickness with direct relationship of E2 levels, and inversely with P4 [28].

The present study showed that expression levels of CTGF during the estrus stages and found that
(CTGF) has been expressed strongly in the stroma of the endometrium, the connective tissue and blood
vessels of myometrium and perimetrium at proestrus and estrus phases. At metestrus, the expression of
CTGF was reduced to very low level in the endometrial stromal cells. Moreover, CTGF was expressed
moderately in the perimetrium, and in endometrial blood vessels and the connective tissues of
myometrium. At diestrus, the CTGF has been expressed strongly in the blood vessels of endometrium and
myometrium, and expressed moderately in the stromal cells of endometrium. The luminal epithelium and
uterine glands showed weak signal. It has been suggested that a number of growth factors function in an
autocrine or paracrine manner to mediate the estrogen-induced proliferation of uterine tissues [31]. Taken
all together, we concluded that, the growth of the endometrial stroma and blood vessels is highly
associated with the strong expression level of CTGF during the proestrus and estrus phases.
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