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INTRODUCTION

Fibrosis is the final common pathological

ABSTRACT

Several histological and immunohistochemical techniques are
used in the diagnosis of fibrosis. To better visualization of
collagen fibers in both normal and pathological tissues, new
optical approaches are required. The present study aimed to
investigate/compare the efficiency of various histological
stains, using the traditional light microscope and the light
polarizing microscope, to quantify/evaluate the ovarian and
oviduct fibrosis induced by high-fat diet (HFD) consumption.
Twenty-Four female albino rats (Rattus norvegicus albinus)
were randomly allotted into 4 groups (n=6): control groups
(fed on standard diet for 6 and 12 weeks), HFD1 group (fed
on HFD for 6 weeks), and HFD2 group (fed on HFD for
12 weeks). The ovarian and oviduct fibrosis were investigated
via histological stains including hematoxylin and eosin,
Picrosirius Red, van Gieson, and Masson’s trichrome stains
using traditional light and polarizing light microscopes, in
addition to immunohistochemical demonstrations of a-smooth
muscle actin (a-SMA) and vimentin. Hydroxyproline and tumor
necrosis factor-o. (TNF-a) were also investigated biochemically
in the ovarian and oviduct tissues. The results showed that the
HFD induced ovarian and oviducts fibrosis in time-dependent
manner with significant increases in hydroxyproline and TNF-a
values, as well as immunoexpression of a-SMA and vimentin.
Picrosirius red stain achieved ideal results in collagen
demonstration when compared with van Gieson and Masson’s
trichrome stains. Picrosirius red stain in combination with the
polarization microscope represented high sensitivity in collagen
estimation in comparison with light microscopy. This work
recommended using polarizing microscope as a tool to evaluate
fibrosis of both the ovaries and the oviducts.

as heart, kidney, lungs, liver, and testis.
Without effective treatment, fibrosis

result of various organs injuries, ageing,
or chronic diseases with multiple causes
including inflammatory diseases. Fibrosis is
commonly demonstrated in different organs

impaired organ function and ultimately
induces organ malfunction™!. Fibrosis is
characterized by excessive scaring formation
instead of normal tissue, which then finally
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results in the destruction of the tissue
architecture and organ remodeling. Scaring
is related to multiple causes including
increased fibroblasts proliferation, excessive
deposition of connective tissue components
as extracellular matrix (ECM) proteins,
with ECM development influenced by
a number of molecular components
including transforming growth factor-p
(TGF-B), connective tissue growth factor,
and epidermal growth factor™?%!. Collagens,
elastin, glycoproteins, and proteoglycans
are the main components of ECM, which
comprise connective tissues and basement
membranes. Collagen is the principal
structural protein family in connective tissue;
it provides structural integrity and regulates
the function of tissues through signaling!®”.
Ovarian fibrosis mainly results by
ovarian damage triggered via a variety
of factors, including high-fat diet (HFD),
surgery, aging, inflammation, and immuno-
logical disorders. Prior to all body organs,
mammalian ovary ages up to decades
with marked fibrotic changes®® A thick
capsule, increased mesenchymal connective
tissue, and reduced or missing follicles are
the key pathological hallmarks of ovarian
fibrosis that leads to ovulatory dys-
function®®. However, internationally or
nationally, ovarian fibrosis has not attracted
much attention™®. Increased consumption of
high-calorie foods in one's daily diet has
been shown to cause various fertilization
issues and reproductive dysfunction, such
as poor oocyte quality, low blastocyst
survival rates, abnormal embryonic cellular
differentiation, and ovarian apoptosis, in
addition to being a dangerous risk factor
for cardiovascular disease, diabetes, osteo-
arthritis, hypertension, cancer, and metabolic
disorderst™**1. HFD is commonly known to
associate with polycystic ovary syndrome
(PCOS) with its characteristic ovarian
fibrosisi . Mammalian oviducts, or human
fallopian tubes, are an active anatomical
region in which all new life in mammalian
species begins. It is separated into infundi-
bular, ampullary, isthmic, and intramural
segments, which run from the ovarian end

to the uterus. Each fallopian tube segment
is designed to conduct specific duties that
lead to fertilization. The proper structure of
each segment of the fallopian tube promotes
efficient tubal transfer of ova, sperm, and
embryo, which is required for a successful
spontaneous pregnancy!™®. The interaction
between the ciliary activity of the cells
accommodated in mucosal folds and muscle
contractions is a sophisticated process that
propels gametes and embryos through the
oviduct™!. Due to hormonal influences and
ageing, the ECM of the fallopian tubes
undergoes many modifications!*®!. However,
there are not enough studies regarding
oviduct fibrosis.

Tissue  collagen quantification, in
particular, is an essential tool in the
clinical diagnosis of fibrosis, as well as
in the prediction of outcome and therapy

individualization  in  various  organs.
Picrosirius red (PSR) and Masson’s
trichrome (MT) for collagen, silver

impregnation for reticulin fibers, orcein
staining for elastic fibers, or immuno-
histochemical stains are commonly used
in the histopathological diagnosis of
fibrosis. Currently, different microscopes
as electron microscopy, bright-field or
polarized microscopy are used in evaluation
of fibrosis in addition to computer-assisted
digital image analysis (DAI) softwarel’2%,
This study aimed to compare the
effectiveness of each of PSR, Van Gieson
(VG), and MT stains in quantification of
ovarian and oviducts in a rat model for
HFD-induced fibrosis using the bright field
light microscope and the light polarizing
microscope.

MATERIAL AND METHODS

The current study was done following the
ethical guidelines for the use and care of
laboratory animals and approved with the
local ethics committee of Suez University
(Approval number: 22319).

Animals and experimental design
Adult female albino rats (Rattus norvegicus
albinus, n=24, 165-180 g, 10 weeks old)
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were purchased from the National Research
Center (Giza, Egypt) and were held in clean
polypropylene cages with proper ventilation
and free access to food and water under
standard environmental conditions (22-23°C,
12:12 light/dark cycle, and 62-70% humidity)
with free access to food and water. The
animals were randomly divided into four
groups after one week of acclimatization:

- Control groups: All rats in the control
group (n=12) fed standard pellet diet.
This group was subdivided into two
subgroups: (C1) Rats of this subgroup
(n=6) were sacrificed after 6 weeks; (C2)
rats of this subgroup (n=6) were sacrificed
after 12 weeks.

- HFD1 group: Rats of this group fed on
HFD for 6 weeks.

- HFD2 group: Rats of this group fed on
HFD for 12 weeks.

HFD was prepared according to Elsisy
et al.l?%,

Sampling and methods

Biochemical analyses of hydroxyproline
and tumor necrosis factor-o (TNF-a) in
ovary and oviducts

At the end of the experimental periods, all
rats were killed by cervical decapitation,
and their ovaries and oviducts were
dissected out immediately and rinsed with
saline. To quantify the collagen content in
ovarian and oviducts tissues, tissues were
homogenized, and the clear supernatants
were separated for hydroxyproline assay as
described previously®). Furthermore, TNF-
a, a common inflammatory indicator, was
estimated in ovary and oviducts supernatants
using commercially available enzyme-linked
immunosorbent assay (ELISA) kit specific
for rat TNF-o according to manufacturer's
instructions (eBioscience Vienna, Austria,
catalogue no: BMS622).

Histological examination

Immediately after Kkilling the animals,
specimens of the ovaries and oviducts were
fixed in 10% neutral buffered formalin.
Thereafter, the specimens were processed
for classical histological techniques. Five pm

thick sections were cut and subjected to the
following histological stains:

- Hematoxylin and eosin stain to examine
the histoarchitecture of the ovary and
oviducts???.

- Colla?en fiber stains: MT?® PSR and
VG2,

Immunohistochemical analysis

Following the manufacturer's instructions,
the immunohistochemical reactions for a-
smooth muscle actin (a-SMA) and vimentin
were performed using the avidin-biotin-
peroxidase complex method. Briefly,
paraffin sections of 4-um thickness were
deparaffinized on charged slides using
xylene, and processed for a-SMA and
vimentin antibody immunohistochemistry.
Tissue sections were rehydrated in
descending grades of ethanol series, and
rinsed in phosphate-buffered saline (PBS).

Endogenous  peroxidase activity was
blocked by incubating sections in 3%
hydrogen peroxide, while nonspecific

protein binding was blocked by using
a protein  block serum-free (Dako,
Carpinteria, CA, USA). The sections were
incubated for 1.0 hour with the primary
antibody against o-SMA (mouse mono-
clonal anti-a-SMA  antibodies;  Dako;
dilution 1:50) and vimentin (mouse
monoclonal anti-vimentin antibody; Dako;
dilution: 1:200). Then, slides were incubated
with  chromogenic 3,3'-diaminobenzidine
(Leica Microsystems, Wetzlar, Germany)
for 5 minutes, rinsed in tap water,
counterstained with hematoxylin, dehydrated,
and mounted. All steps were carried out at
room temperature as reported previously?®.

Light polarizing microscope examination
At the National Research Center (Giza,
Egypt), the MT, PSR, and VG stained
sections were examined by an Olympus
polarizing microscope BX51-P (Melville,
NY, USA) equipped with filters to give
circularly polarized illumination in order to
assess mature collagen fibrils. After the
adaptation of filters to the microscope and
the standardization of capture program, the
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fields were focused under non-polarized
light, and then the polarization was achieved
by turning the filter U-POT to an angle of
90°. Birefringence appears during rotation,
and the background darkens until it is
completely black, and the red and green
colors from the birefringence should be
very bright. To avoid losing details after
polarization, the focus fixed once more!*™,

Imaging and morphometric evaluations
To obtain the morphometric data in this
study, five MT, PSR, VG, a-SMA, and
vimentin stained sections of ovary and
oviducts per each rat were examined
via Olympus light microscope, then five
non-overlapping randomly selected fields
in each slide of ovary and oviducts
were captured at a magnification of 100x.
Regarding polarizing microscopy, slides
stained with either MT, PSR, or VG
were captured with a 40 X objective lens,
images were recorded on a digital camera
(DP11, Olympus), displayed on a high-
resolution monitor (Trinitron, Sony Corp,
Park Ridge, NJ, USA) and analyzed with
SigmaScan Pro image analysis software
(SPSS Inc., Chicago, IL, USA).

All digital images obtained from either
bright field or polarizing light microscopes
were analyzed via semi-quantitative scoring
system (Image J software, Java based
application for analyzing images). The total
area of color was measured by adjusting the
red color threshold, while excluding the
background, and then the red areas were
selected and measured to calculate the mean

area percentage (%) of each of the following:

- Area (%) of MT, PSR, and VG stained
collagen fibers of images obtained from
bright field light microscopy in both ovary
and oviducts

- Positive immunostained a-SMA area (%)
both ovary and oviducts

- Positive immunostained vimentin area (%)
in both ovary and oviducts

- Area (%) of MT, PSR, and VG stained
collagen fibers in ovary and oviducts of
images obtained by polarizing microscopy.

Statistical analyses

The statistical analysis was carried out
by one or two-way ANOVA using SPSS,
version 25 (IBM Corp. Released 2013).
Data were treated as a complete randomiza-
tion design according to Steel et al.l®.
Multiple comparisons were carried out
applying least significant difference (LSD)
and Duncun test. The significance level
was set at P<0.05. The correlation between
the variables is statistically significant
using Pearson Correlation, for significant
correlations, significant  (2-tailed) will  be
less than 0.05. Change rate of fibrosis
progression was calculated by the formula:
[(HFD2 - HFD1) / HFD1] x 100

RESULTS

Hydroxyproline and TNF-a values in
ovarian and oviduct tissues of HFD-
treated groups

Biochemical determination of hydroxy-
proline revealed a significant increase in
HFD1 and HFD2 groups as compared with
their control groups in both ovarian and
oviduct tissues. Moreover, HFD2 group
showed a significant increase in hydroxy-
proline values when compared with HFD1
group in both ovarian and oviduct tissues.
Concerning TNF-o. values, HFD1 group
showed a significant increase when
compared with C1 group, while HFD2
group showed a significant increase when
compared with both HFD1 and C2 groups
(Table 1).

Histological results

Hematoxylin and eosin staining findings
Examination of ovarian tissues of the control
group stained with hematoxylin and eosin
showed the normal histological architecture
of the ovary with outer cortex and inner
medulla. The ovarian surface epithelium was
represented as a single layer of flattened
cells with flattened nuclei overlying a thin
tunica albuginea layer. The ovarian cortex
showed various forms of ovarian follicles
in different stages as primary follicles and
mature Graafian and corpus lutea, which
bulged into the ovarian surface giving it
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Table 1: Alterations in hydroxyproline and tumor necrosis factor-o. (TNF-a)) values in ovary
and oviducts tissues among different groups (mean + standard error).

Groups )

Organ |

C1 HFD1 C2 HFD2 value
Hydroxyproline ~ Ovary  9.99+0.24 32.88+0.62° 12.67+0.35 51.57+0.46°° P<0.05
(ng/mg wet tissue) Oviduct 32.31#0.31 51.19+0.76° 36.65+0.39  76.8+0.93°° P<0.05
TNF-o Ovary 24.04+0.68 46.81+1.75% 24.95+1.16 74.13+1.87°° P<0.01
(pg/mg tissue) Oviduct 42.61+0.57 64.84+1.20° 45.99+2.35 123.01+2.15°¢ P<0.01

C1: control group “1”; C2: control group “2”; HFD1: high-fat diet group “1” treated for
6 weeks; HFD2: high-fat diet group “2” treated for 12 weeks; a: a significant increase
when compared with C1 group; b: a significant increase when compared with C2 group;
c: a significant increase when compared with HFD1 group.

a lobulated appearance. The ovarian stroma
between the follicles was recognized by
the presence of fibroblast-like cells, delicate
collagen fibers and ground substance. The
ovarian medulla revealed richly vascularized
loose connective tissue with many relatively
large blood vessels in addition to interstitial
glandular cells. No histological changes had
been observed between the different control
subgroups (Figure 1). On the other hand,
examination of ovarian tissues obtained
from HFD1 group showed loss of normal
ovarian histoarchitecture when compared
with control group. The ovarian cortex had
some degenerated, hemorrhagic, vacuolated,
and/or atretic follicles, with distorted corpus
luteum having pyknotic nuclei. Some follicle
showed marked fatty change. Interstitial
stroma and ovarian medulla revealed
increase of ECM, which contained dilated
and congested blood vessels, edema, and
inflammatory cell infiltration. Microscopic
examination of ovarian tissues obtained
from HFD2 group revealed more advanced
histopathological changes by comparing
with HFD1. Cystic or degenerate follicles
instead of the healthy growing ones were
prominent. Oocytes were absent from some
follicular cysts. Areas of hemorrhage and
edema increased when compared with
HFD1. Walls of interstitial stromal cells
were apparently thick; the follicles were
surrounded by hyperplastic thick fibrous
sheath while the ovarian medulla showed
hypertrophied fibrous tissues (Figure 1).

Histological examination of sections of
oviducts obtained from control group
showed that the walls of the oviducts
are composed mainly of three layers;
mucosa, muscularis, and serosa. Mucosal
layer was formed of compact, organized,
and prominent longitudinal folds with
a central connective tissue lamina propria,
lined by simple columnar epithelium, that
contained ciliated and secretory epithelial
cells. There are also some non-ciliated cells
whose apical pole protrudes into the lumen.
The middle muscularis was compact and
thick, as well as divided into two layers,
which are held together by connective
tissue; an inner circular layer and an outer
longitudinal layer. Serosa appears as a re-
flection of the peritoneum, which is made
up of fibrous tissues that are covered in
mesothelium. Several blood vessels were
observed as well. A well-shaped tube
wall structure with no inflammatory cell
infiltration was described as typical tubal
histoarchitecture. Histopathological exami-
nation of oviducts sections obtained from
HFD1 group showed disturbed cellular
configurations of epithelial and muscle
layers with decreased mucosal folds. The
mucosal folds showed a more atrophic
appearance with decreased ciliary density.
A marked degree of inflammatory cell
infiltration was detected, accompanied with
congested blood vessels within the tube
wall. Submucosal edema was also recorded
and/or hyperplasia of the connective tissue
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Figure (1): Histopathological alterations in ovary among different groups (hematoxylin and
eosin stain; scale bar: 100 um). (a) Section in ovary of a control rat showing normal ovarian
medulla (m), and normal cortex including follicles with different degree of maturation
(arrows), atretic follicle (AF), corpus luteum (CL). (b) Section in ovary of a rat from high-fat
diet group “1” (HFD1) group showing cytoplasmic vaculation (v), fatty degeneration (fd),
interstitial hemorrhage (h). (c) Section in ovary of a rat from HFD1 group, showing
congested blood vessel (CV) and interstitial edema with inflammatory cell infiltration
(arrows). (d) Section in ovary of a rat from HFD2 group showing cystic follicles (CF), and
increased ECM accumulation (stars). (e) Section in ovary of a rat from HFD2 group showing
ovarian fibrosis with many degenerated follicles (f), thickened ovarian capsule (green arrow),
and thick bundles of collagen fibers (blue arrow).

and muscularis. Histopathological exami- fibrosis and hyalinization with collagen
nation of oviducts sections obtained from  deposits were prominent in the muscularis
HFD2 group showed massive chronic layer of the thickened tube wall in the
inflammation when compared with both of  majority of sections (Figure 2).

C2 and HFD1 groups. Obvious occlusive
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Figure (2): Histopathological alterations in oviducts among different groups (hematoxylin
and eosin stain). (a) Section in oviduct of a control rat showing well organized and compact
oviduct wall that consists of serosa (S), muscularis (Ms), mucosa (m) with mucosal folds
covered with ciliated epithelium (arrow) (scale bar: 100 um). (b) Section in oviducts of
a control rat in higher magnification showing normal mucosal fold (f), covered with columnar
epithelium (c) and housing lamina propria with some inflammatory cells (scale bar: 50 um).
(c) Section in oviduct of rat from high-fat diet group “1” (HFD1) group showing degenerated
folds (df), congested vessel (cv), moderate thickness of muscularis (star), inflammatory cell
infiltration (arrows) and seroal edema (od) (scale bar: 100 pum). (d) Section in oviduct of a rat
from HFD2 group showing increased thickness of the muscle layer and partial occlusion of
oviduct (scale bar: 100 um). (e) Section in oviduct of a rat from HFD2 group showing
occlusive fibrosis (OF) (scale bar: 100 um).

Demonstrations of collagen fibers and
fibrosis in in ovary and oviducts of HFD-
treated groups

In order to evaluate fibrosis in ovary
and oviducts, all sections were stained
with MT, PSR, and VG stains. Microscopic
examination of ovarian sections stained with

each of MT, PSR, and VG revealed that
each of the investigated stains achieved
an ability to visualize the collagen fibers in
all groups. As represented in Figures “3-57,
examination of ovaries of control groups
demonstrated some collagen fibers as
expected because collagen fibers are
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normally found in some ovarian structures.
Delicate collagen fibers were detected as
thin layer of tunica albuginea beneath the
surface epithelium, and surrounding follicles
and corpora lutea within the ovarian cortex.
In the ovarian medulla, collagen fibers
appeared within the ground substance with
normal density and distribution, and in close
association with the vasculature. A slight
increase of collagen fibers density was

detected by comparing C2 with C1 in MT
and PSR stained sections. By comparing
with control animals, sections of the HFD1
group revealed marked increase of the
collagenous fibers density and distribution
within the ovarian cortex and medulla
especially around dilated congested blood
vessels. Well-developed to thick collagen
fibers were observed to capsulate ovarian
surface, follicles, and corpora lutea.

&"?.—",;~

)

»

o

1)
.

L

Figure (3): Alterations in collagen contents (arrows) in ovarian tissue (Masson’s trichrome
stain; scale bar: 100 um). (a) Section in ovary of a control rat showing normal collagen
deposition. (b) Section in ovary of a rat from high-fat diet group “1” (HFD1) group showing
moderate increase of collagen. (c) Section in ovary of a control rat from C2 group showing
normal collagen distribution. (d) Section in ovary of a rat from HFD2 group showing ovarian

fibrosis.

Ovaries of HFD2 group had marked
increase in the deposition of collagen
fibers when compared with HFD1 and
control groups. Microscopic examination of
ovaries obtained from HFD2 groups showed
prominent thick network of intense collagen
fibers throughout the ovarian cortical stroma,
which proliferated rapidly and continuously
into ovarian medulla forming ovarian

fibrosis. Some sections stained with PSR
showed massive masses of collagenous
materials instead of normal ovarian matrix
(Figure 4d). However, PSR-stained collagen
fibers were more visible and recognizable
under the microscope and appeared to be
thicker when compared to those stained by
MT and VG stained tissues.
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Figure (4): Alterations in collagen contents (arrows) in ovarian tissue in different groups
(Picrosirius red stain; scale bar: 100 um). (a) Section in ovary of a control rat showing
normal collagen around follicles. (b) Section in ovary of a rat from high-fat diet group “1”
(HFD1) group showing increased collagen depositions. (c) Section in ovary of a control rat
from C2 group showing normal collagen distribution. (d) Section in ovary of a rat from
HFD2 group showing massive amounts of collagenous deposits forming ovarian fibrosis.

Figure (5): Alterations in collagen contents (arrows) in ovarian tissue among different groups
(van Geison stain; scale bar: 100 um). (a) Section in ovary of a control rat showing fine
collagen fibers around blood vessels. (b) Section in ovary of a rat from high-fat diet group
“1” (HDF1) group showing moderate amounts of collagen in ovarian medulla. (c) Section in
ovary of a control rat from C2 group showing normal collagen distribution around follicles.
(d) Section in ovary of a rat from HFD2 group showing ovarian fibrosis with thick bundles of
collagen fibers.




Histological evaluations of ovarian and oviducts fibrosis

Analyses of digital images obtained from  each of MT and VG stained sections. In VG
MT, PSR, and VG stained ovarian sections  stain, there was insignificant difference in
recorded a significant increase of collagen collagen stained area (%) by comparing C1
fibers stained area (%) by comparing (HFD1 and C2, while MT and PSR stains recorded
and C1), (HFD1 and C2), (HFD2 and C2), a significance difference between the same
(HFD2 and HFD1) groups, respectively. The  groups (Table 2). The change rate (%) in
PSR stain recorded the highest sensitivity to  ovarian fibrosis progression among different
collagen fibers, as there was a significant  groups increased significantly (P<0.05) in
increase (P<0.05) of collagen fibers stained PSR stained sections (58.13%), compared to
area (%) in HFD1, C2, and HFD2 groups, the other two stains “MT (53.43%) and VG
when compared with the same groups in  (53.09%)”.

Table (2): Comparison between effectiveness of Masson’s trichrome (MT), Picrosirius red
(PSR), and van Gieson (VG) stains in collagen demonstration in ovary of the HFD-treated
groups (mean * standard error).

) Stains
Time Groups LSD
MT (%) PSR (%) VG (%)
1 Cl  7.87+0.23%® 8.77+0.38%  8.64+0.44"
HFD1 14.56+0.37°® 29.14+0.78"* 13.28+0.13"

2 C2  8.79+0.29®  9.95+0.24** 8.82+0.36® 0.64
HFD2 22.34+0.52°® 46.08+0.79* 20.33+0.33%

Mean 13.39+1.22%  23.49+3.21" 12.77+1.00°
LSD 0.73

C1: control group “1”; C2: control group “2”; HFDI: high-fat diet group “1” treated for
6 weeks; HFD2: high-fat diet group ‘“2” treated for 12 weeks; LSD: least significant
difference; a, b, and c: different superscript small letters in each column means a significant
difference (P<0.05) between groups within the same staining method; A, B, and C: different
superscript capital letter in each raw means a significant difference (P<0.05) among different
staining methods.

Concerning collagen demonstration in  collagen observed in the lamina propria of
oviducts, each of MT, PSR, and VG stains mucosal folds. Muscular layer also revealed
showed an ability in demonstrating collagen  an increase of collagen fibers in between
in control and HFD groups. Examination of  the two muscle layers, as the muscle fibers
the control oviduct sections showed normal  were scanty with abundant densely
collagen density and distribution in oviduct packed collagen fibers in between. Serosa
wall.  Mucosal layer showed loose also revealed a marked increase and
connective tissue with a few thin collagen  proliferation of collagen fibers contents.
fibers present in the lamina propria of Sections obtained from HFD2 group
mucosal folds. Muscularis revealed regular  revealed oviduct fibrosis, as abundant
amount of collagen fibers interspersed with  amounts of fibrotic tissue were detected
longitudinal bundles of smooth muscle, and showed a more condensed pattern
also serosa showed moderate amounts of and collagen was seen in more quantities
collagen depositions. During examination of ~ with a more disoriented distribution. Several
oviducts from the HFD1 group, a moderate  sections of this group showed collagenous
amount of collagen fibers was detected in  materials filling the oviduct lumen forming
the mucosal layer as dense amounts of  occlusive fibrosis (Figures 6-8).

10
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Figure (6): Alterations in collagen contents in oviducts in different groups (Masson’s
trichrome stain; scale bar: 100 um). (a) Section in oviduct of a control rat showing thin
collagen fibers in submucosa and muscularis layers (arrows). (b) Section in oviduct of a rat
from high-fat diet group “1” (HDF1) group showing increased collagen in the lamina
proparia of mucosal folds (arrow). (c) Section in oviduct of another rat from HFD1 group
showing proliferation of muscle layer (star). (d) Section in oviduct of control rat from C2
group, showing normal collagen distribution. (e) Section in oviduct of a rat from HFD2 group
showing marked increase of collagen in the muscle layer and in the lamina propria of
mucosal folds (arrows). (f) Section in oviduct of a rat from HGF2 group showing occlusive
fibrosis (star).

11
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Figure (7): Alterations in collagen contents in oviducts in different groups (Picrosirius red
stain; scale bar: 100 um). (a) Section in oviduct of a control rat showing marked collagenous
deposits underlying the mucosal folds and thin collagen fibers in submucosa and muscularis
layers (arrows). (b) Section in oviduct of a rat from high-fat diet group “1” (HDF1) group
showing marked collagen in between muscle layers (star). (c) Section in oviduct of control rat
from C2 group showing normal distribution of collagen fibers. (d and €) Sections in oviducts
of rats from HFD2 group showing marked increase of collagen in the muscle layer and in the
lamina propria of mucosal folds (arrows). (f) Section in oviduct of a rat from HGF2 group
showing occlusive fibrosis (arrow).

12
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Figure (8): Changes in collagen deposition in oviducts among different groups (van Geison
stain; scale bar: 100 um). (a) Section in oviduct of a control rat showing normal collagen
deposition in lamina propria. (b) Section in oviduct of rat from high-fat diet group “1” (HDF1)
group showing mild increase of collagen fibers in lamina propria and increased thickness of
muscularis (arrows). (¢) Section in oviduct of control rat from C2 group showing normal
distribution of collagen fibers. (d) Section in oviduct of a rat from HFD2 group occlusion of
oviduct via fibrosis (red arrow) and increased sub mucosal collagen (blue arrow).

By comparing each of MT, PSR, and VG
stained sections, within the same group;
microscopic examination showed collagen
fibers highlighted more clearly visualized
by PSR staining, which allowed detecting
higher amounts and collagen fibers, as
compared with MT VG stains. Digital image
analyses revealed that each of MT, PSR,
and VG stains visualized a significant
increase of collagen fibers stained area (%)
between each of (C1 and C2), (HFD1 and
Cl), (HFD2 and C2), and (HFD2 and
HFD1), respectively. Sections stained by
PSR recorded a significant increase of
collagen (%) between C2 and C1 groups,
where there was insignificant difference
between these groups within MT and VG
stained sections. Moreover, by contrast to
MT and PSR stains, VG stained section

revealed insignificant difference between
C2 and HDF1 groups (Table 3). The
change rate (%) in oviduct fibrosis
progression  among  different  groups
increased significantly (P<0.05) in PSR
stained sections (51.98%), compared to
the other two stains “MT (35.73%) and VG
(33.89%)”.

Correlation  between  hydroxyproline
values and MT, PSR, and VG stained
collagen

The statistical analyses revealed a significant
correlation (P<0.05) between hydroxy-
proline values, and fibrosis (%) stained with
each of MT, PSR, and VG stains in both
ovarian and oviducts tissues. The highest
correlation was recorded with the PSR in
ovary (0.996) and oviduct (0.995), followed
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Table (3): Comparison between effectiveness of Masson’s trichrome (MT), Picrosirius red
(PSR), and van Gieson (VG) stains in collagen demonstration in oviducts of the HFD-treated

groups (mean * standard error).

Stains

Time Groups LSD
MT (%) PSR (%) VG (%)
1 Cl  17.89+0.39% 19.33+0.44 18.03+0.60®
HFD1 23.82+0.25°® 29.22+0.33"* 19.59+0.34"C

2 C2  19.23+0.20°®® 20.05+0.41° 19.41+0.21"® 0.53
HFD2 32.33+0.50°® 44.41+0.34*" 26.23+0.30°
Mean 23.3241.198  28.25+2.12"  20.81+0.69°

LSD 0.61

C1: control group “1”; C2: control group “2”; HFDI: high-fat diet group “1” treated for
6 weeks; HFD2: high-fat diet group ‘“2” treated for 12 weeks; LSD: least significant
difference; a, b, and c: different superscript small letters in each column means a significant
difference (P<0.05) between groups within the same staining method; A, B, and C: different
superscript capital letter in each raw means a significant difference (P<0.05) among different

staining methods.

by the MT in ovary (0.981) and oviduct
(0.987), and the VG in ovary (0.978) and
oviducts (0.927), which may indicates the
higher efficiency and accuracy of PSR stain
in fibrosis diagnosis by analogy with the
biochemical estimation of hydroxyproline in
ovary and oviducts.

Evaluation of fibrosis
microscope

In order to examine the efficiency of
polarizing microscopy in determination of
ovarian and oviduct fibrosis, each of MT,
PSR, and VG stained slides of both ovary
and oviduct, were examined with polarizing
microscopy. Both MT and VG stained
section did not detect any polarization in
both ovary and oviducts, thus, MT and
VG stained slides were excluded from
the current polarizing microscopy study
(Figure 9). The polarizing microscopy
achieved high visualization of fibrosis in
PSR stained sections in both ovary and
oviducts. The PSR stained sections were
further analyzed using polarized light
microscope in order to determine the
maturity of collagen within the tissue of
ovary and oviducts. Under polarized light,
the hue of collagen indicates its maturity,

by polarizing

which ranges from green to yellow to red.

In ovary, PSR-stained slides obtained
from C1 group showed delicate collagen
fibers in yellowish green color. Examination
of PSR-stained slides obtained from
HFD1 group showed significant increase of
collagen fibers in yellowish green and
orange red color when compared with
control group. Sections obtained from C2
group revealed thin red collagen fibers in
ovarian tissues. The HFD2 slides revealed
ovarian fibrosis as thick bundles and
massive masses of collagenous material with
mixed colors, yellowish green and orange
red were detected (Figure 10, Table 4).

Concerning oviducts, control PSR-stained
slides revealed normal orange red collagen
content in oviduct wall. The HFD1 group
showed increase in newly formed yellowish
green collagen fibers when compared with
control group. C2 showed slight increase
of green immature collagen fibers when
compared to Cl. HFD2 showed oviduct
fibrosis, with significant increase of red
thick mature collagen fiber in oviduct wall,
as well as marked accumulation of immature
green collagen fibrils that completely
occluded the oviduct lumen (Figure 11,
Table 5).
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Figure (9): Sections in ovary and oviducts showing no polarization with Masson’s trichrome
stain with black filter (a) or gray filter (b). (c) Section of oviduct stained with van Geison
stain showing no polarization (scale bar: 50 um).

—_>
10a
10c
Figure (10): Examination of Picrosirius red-stained ovarian sections by polarizing
microscope (scale bar: 50 um). (a) Section in control rat showing thin mature collagen type |
around vessels (orange arrow). (b) Section in rat from high-fat diet group “1” (HDF1) group
showing accumulation of immature yellowish green collagen fibril (green arrow). (c) Section
in control rat from C2 group showing normal mature red collagen (orang arrow) and mild
increase of immature green fibrils (green arrow). (d) Section in rat from HFD2 group

showing massive amounts of red mature (orang arrow) and green immature (green arrow)
collagens.
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Table (4): Comparison between light and polarizing microscopes in evaluation of ovarian
fibrosis among high-fat diet groups (mean + standard error).

Microscopes

Period (week) - — Mean
Light Polarizing
0 9.36+0.31°*  3.47+0.13®®  6.42+0.90°
6 29.14+0.78""  6.98+0.18"® 18.06+3.36"
12 46.08+0.79** 17.87+0.34%® 31.97+4.27°
Mean 23.49+3.21"  7.95+1.248
Change (%) 58.13% 156.02%

a, b, and c: Different superscript small letters in each column means a significant difference
(P<0.05) between groups within the same microscope investigation; A, B, and C: different
superscript capital letter in each raw means a significant difference (P<0.05) among the light

and polarizing microscopes.

Comparison between PSR-stained
sections in light and polarizing
microscopy

As expected, by comparing data obtained
from digital images analyses of each of PSR
stained section that captured by light and
polarizing microscopes, it was found that
the change rate (%) of fibrosis progression
recorded by polarizing microscope is more
sensitive in ovarian and oviducts fibrosis
evaluation than those of light microscope.
In ovary, fibrosis change rate recorded
(156.02%) by polarizing microscope when
compared with that recorded by light
microscope (58.13%), which means a 2.5
folds increase. Regarding oviducts, by
comparing the change rate of fibrosis
progression between PSR-stained section by
light and polarizing microscopes, it was
revealed that the polarizing microscope
recorded “88.43%” when compared with
that of light microscope (51.98%), which is
equivalent to 1.7 folds increase (Tables 4
and 5).

Immunohistochemical demonstration of
a-SMA and vimentin in in ovary and
oviducts of HFD-treated groups

Analyses of image obtained from a-SMA
and vimentin stained sections of ovary
and oviducts revealed a significant
difference in a-SMA and vimentin (%)
stained area between all groups in both
ovarian and in oviducts tissues. The value of

a-SMA increased significantly in HFD1
group when compared with C1 group, and
in HFD2 group when compared with the
C2 and HFD1 groups in both ovarian and
oviduct tissues (Table 6; Figures 12 and 13).

Regarding vimentin immunoexpression,
the situation was not much different from
the a-SMA, a significant increase was
recorded in vimentin by comparing HFD1
and control, as well as HFD2 with HFD1
and C2. However, there was a significant
increase in vimentin (%) stained areas in
C1 rats by comparing with those of C2
(Table 6; Figures 14 and 15).

DISCUSSION
Based on the considerations of the lack
of comparative histological studies on

fibrosis of ovary and oviducts, we deemed
it interesting to perform a comparative
image analysis of three known conventional
histological staining methods, MT, PSR,
and VG stains, in terms of their sensitivity
to demonstrate and quantify collagen
fibers and fibrosis in formalin-fixed
paraffin-embedded sections of ovary and
oviducts using computer-aided morpho-
metric image analysis in normal light
and polarizing microscopy. Immunohisto-
chemical demonstrations of o-SMA, in
addition to biochemical estimation of
hydroxyproline (the main component of
collagen) and TNF-a in both ovarian and
oviduct tissues was determined.
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Figure (11): Examination of Picrosirius red-stained oviducts sections by polarizing
microscope (scale bar: 50 um). (a) Section in control oviduct showing normal amounts of red
mature collagen (orange arrow) and fine immature yellowish green collagen fibril (green
arrow) infiltrated the muscularis layer. (b and c¢) Sections from rats from high-fat diet group
“1” (HDF1) group showing proliferation and increase of immature yellowish green collagen
fibers (green arrows) with increase in red mature collagen. (d) Section in a control rat from
C2 group showing normal distribution of red collagen in oviduct wall with slight increase of
immature collagen fibers by comparing with control sections from C1 group. (e) Section in
oviduct of a rat from HFD2 group showing accumulations of mature and immature green
collagen in oviduct lumen casing occlusive fibrosis. (f) Section in oviduct of another rat from
HFD2 group showing significant increase of mature collagen.
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Table (5): Comparison between light and polarizing microscopes in evaluation of oviduct
fibrosis among high-fat diet groups (mean + standard error).

Microscopes

Period (week) - — Mean
Light Polarizing
0 19.69+0.4°* 8.31+0.16%® 14.00+1.73°
6 29.22+0.33A 13.05+0.42°8  21.14+2.45°
12 44.41+0.34A 24.59+0.65®  34.50+3.01°
Mean 31.11+2.48% 15.32+1.68°
Change (%) 51.98% 88.43%

a, b, and c: Different superscript small letters in each column means a significant difference
(P<0.05) between groups within the same microscope investigation; A, B, and C: different
superscript capital letter in each raw means a significant difference (P<0.05) among the light

and polarizing microscopes.

Table (6): Alterations in immunohistochemical expression of a-smooth muscle actin (a-SMA)
and vimentin in ovary and oviducts among different groups (mean + standard error).

Groups

Organ
d C1

HFD1

P value

C2 HFD2

3.00+0.13
31.24+0.84

8.31+0.35
20.49+0.53

a-SMA (%)  Ovary

Oviduct

Ovary
Oviduct

Vimentin (%)

6.88+0.35°
52.25+0.64°

13.76+0.49°
54.59+0.99°

21.98+1.54°¢
82.01+1.38"¢

28.82+1.72°¢
92.58+7.10°¢

3.76+0.11
35.00+1.17

9.81+0.38
22.20+0.42

P<0.01

C1: control group “1”; C2: control group ‘“2”; HFD1: high-fat diet group “1” treated for
6 weeks; HFD2: high-fat diet group “2” treated for 12 weeks; a: a significant increase
when compared with C1 group; b: a significant increase when compared with C2 group;
c: a significant increase when compared with HFD1 group.

In the current study, HFD consumption
induced histopathological alterations, which
then gradually increased to form fibrosis
in time-dependent manner in both ovary
and oviduct. Few researches are available
regarding the impact of HFD on the
ovarian and oviduct tissues. In this
regard, accumulated evidence suggests that
HFD consumption causes histopathological
alteration in the ovarian and oviduct tissues
including cytoplasmic vaculation, marked
thickness of the oviduct walls and the
mucosal stromal layer appeared more
loosely arranged, decreased number of
primordial follicles with an increase of the
number of primary, secondary, and tertiary
follicles, as well as increased cortex/medulla
ratio, corpus luteum development, and
PCOS. Moreover, HFD ingestion increased

the number of atretic follicles through
triggering follicular and granulosa cells
apoptosis™*??! Therefore, Hilal et al.'?
suggested that HFD induces follicular
maturation, which accelerates the rate of
follicular loss by decreasing the number
of primordial follicles. Huge fat droplets
developed in the stromal layers of the
ovary and oviducts as a result of the HFD
ingestion, and their histological integrity
was  significantly  changed. Hyper-
proliferative uterus, vacuolated ovarian
tissue, and thicker oviduct walls were among
the modifications!?. HFD consumption was
reported to cause impaired puberty and
disrupted estrous cycle, and decreased
fertility ratesi*). Several authors attributed
the pathological impact of HFD on the
ovary and oviducts to the inflammatory

18



Ahmed, R. A.

Figure (12): Alteration in a-smooth muscle actin (a-SMA) immunoexpression in ovarian
tissues (a-SMA immunostain; scale bar: 100 pum). (a) Section in ovary of a control rat
showing scanty expression of a-SMA around blood vessels and follicles (brown color).
(b) Section in ovary of a rat from high-fat diet group “1” (HDF1) group showing moderate
immunoreactivity of a-SMA in ovarian tissue. (c) Section in control rat from C2 group
showing weak a-SMA immunoreactivity. (d) Section in ovary of a rat from HFD2 group
showing strong immunoexpression of a-SMA.

Figure (13): Alteration in a-smooth muscle actin (a-SMA) immunoexpression in oviducts
(0e-SMA immunostain; scale bar: 100 um). (a and c¢) Sections in oviduct of control rats from
cl and c2 groups, respectively showing regular immunoreactivity of a-SMA in muscularis
layer and around blood vessels (brown color). (b) Section in oviduct of a rat from high-fat
diet group “1” (HDF1) group showing strong immunoreactivity of a-SMA in oviduct wall.
(d) Section in oviduct of a rat from HFD2 group showing strong immunoexpression of -
SMA.
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Figure (14): Alteration in vimentin immunoexpression in ovarian tissues (vimentin
immunostain; scale bar: 100 um). (a) Section in ovary of a control rat showing weak
immunoreaction of vimentin (brown color). (b) Section in ovary of a rat from high-fat diet
group “1” (HDF1) group showing considerable immunoreactivity of vimentin. (c) Section in
control rat from C2 group showing weak vimentin immunoreactivity in ovarian cortex and
medulla. (d and e) Sections in ovaries of rats from HFD2 group showing strong
immunoexpression of vimentin.

effectst™*?%  The impact of HFD on
inflammatory status in the ovary and
oviduct in mice was reported®, as HFD
was found to increase significantly the
expression levels of interleukin-6 (IL-6) and
TNF-0. The HFD-induced adipose tissue
plays as a dynamic endocrine organ, which
can secrete a variety of pro-inflammatory
cytokines including IL-6 and TNF-a.
Furthermore, obesity can be considered as
a low-grade chronic inflammatory status,

and proinflammatory cytokines as TNF-a,
IL-1, and IL-6 are considered as biomarkers
of this condition®2%. The immunological
environment within the lumen of the oviduct
is maintained by the mucosal layer. Chronic
inflammation can cause oviduct mucosal
injury and immunological malfunction,
causing infertility, early pregnancy abortion,
ectopic pregnancy, and even tumors, in
addition to  diminished  reproductive
capacitiest.
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Figure (15): Alteration in vimentin immunoexpression in oviducts (vimentin immunostain;
scale bar: 100 um). (a and c) Sections in oviduct of control rats from c1 and c2 groups,
respectively, showing regular immunoreactivity of vimentin in muscularis layer and around
blood vessels (brown color). (b) Section in oviduct of a rat from high-fat diet group “1”
(HDF1) group showing strong immunoreactivity of vimentin in oviduct wall. (d) Section in
oviduct of a rat from HFD2 group showing strong immunoexpression of vimentin.

results  showed that HFD
consumption induced fibrosis in ovary
and oviduct, which represented by
significant increase of hydroxyproline and
collagen fibers (demonstrated via
histological stains as MT, PSR, and VG)
in addition to immunohistochemical over-
expression of vimentin and a-SMA in both
ovary and oviducts. Our finding can be
confirmed by several studies that reported
the fibrotic impact of HFD on different
organs including liver®Y,  Kidney®?,
Lung®, and Heart?®4.

Ovarian fibrosis, however, has received

Our

little attention either worldwide or nationally.

Ovarian follicles, the functional units of
the ovary, develop in a complex micro-
environment that composed of extracellular
matrix (ECM) molecules, smooth muscle
cells, fibroblasts, neurons, immunological
cells and endothelial cells. The ovarian

stromal ECM develops in interstitial
collagen type I, Ill, and IV in tunica
albuginea, as well as, glycoproteins,

and proteoglycanst”*®). During ovulation,
follicular  collagen fibers are altered
because of the pre-ovulatory increase of
collagenolytic activities, which support
ovaries structural strength and provide
the ECM in which follicular maturation,
ovulation, and development of corpus
luteum  occurs®®.  During  follicular
development, the stromal cells proliferate
and differentiate to inner thecal cells that
maintain the follicular structure and integrity,
and to outer myofibroblast that responsible
of ECM secretion®®!.

Ovarian fibrosis is closely related
to hyperactivity of myofibroblasts, which
effectively secretes large amounts of
ECME® as well as, a remarkable number
of molecular factors are required for
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ECM  formation including  vascular
endothelial growth factor (VEGF), matrix

metalloproteinases (MMPs), peroxisome
proliferator-activated ~ receptor ~ gamma
(PPAR-y), tissue inhibitors of matrix

metalloproteinases (TIMPs), transforming
growth factor-beta 1 (TGF-B1), connective
tissue growth factor (CTGF), and
endothelin-1 (ET-1)®. The main histo-
pathological features of ovarian fibrosis are
the thick capsule, proliferated mesenchymal
connective tissue, abnormal proliferation
of fibroblasts, a thickened layer of theca
cells, and reduction or absence of ovarian
follicles®™%. Fibrosis progression was found
to be associated with chronic inflammation
in different tissues, and most chronic
fibrotic changes have a persistent irritant
that promotes fibrogenic cytokines and
connective tissue deposition, altering the
normal tissue structure®. Several studies
have demonstrated the effects of low chronic
inflammation rates on the development of
PCOS associated fibrosist®®. It was found
that with increased reproductive age, ovarian
fibrosis resulted from the accumulation of
type | and 111 collagen!”. Ovarian fibrosis in
the stroma and tunica albuginea causes
abnormal ovulation™. Oviduct fibrosis is
induced due to inflammatory processes
and massive inflammatory cell infiltration;
induced oviduct cell damage in rats and
mares has been reported® 3. Fibrotic
occlusion of the oviduct occurred because of
infection with Chlamydia muridarum in
murine model and in human fallopian
tube®®. Quinacrine was found to induce
occlusive fibrosis in the fallopian tube as
a result of a distinct inflammatory response
with marked increase of pro-inflammatory
and pro-fibrotic cytokine including TNF-a
and IL-1p“°.  Furthermore, TNF-a can
accelerate the progression of fibrosist*!. The
ECM of the oviducts is subject to several
alterations due to hormonal influences
and aging!®’. Electron microscopy showed
alterations in the architecture of connective
tissue framework of the oviducts including
thickness of basal membrane, greater
deposits of collagen, as the glycoprotein

expression increased due to the aging!®.

Based on real time polymerase chain
reaction (gPCR) and histological PSR
staining of collagen 1 and collagen Il
proteins, the presence of these two types of
fibers in all regions of the oviduct was
demonstrated in mares’ oviducts in all
agest®®. Collagen | was more expressed
than collagen 1l in all portions of the
oviduct, mainly in the oldest mares, while
collagen 1l mRNA transcripts were higher
in the youngest mares®®®. However, there is
a lack of studies regarding oviduct fibrosis.
The current immunohistochemical findings
revealed a significant increase of vimentin
and a-SMA along with ovarian and oviduct
fibrosis. Several studies considered vimentin
and a-SMA as reliable fibrotic markers!244.
Mesenchymal myofibroblasts cells have
an intermediate nature between fibroblasts
and smooth muscle cells and they are the
major cells responsible for the production of
collagen, which leads to fibrosis. Immuno-
histochemically, myofibroblasts were found
to express vimentin and a-SMA in varying
amounts during the development, and in
fibrosis™*?. Vimentin is strongly expressed
in mesenchyme tissues, with weak to
negative immunoexpression in epithelial
cells, whereas o-SMA expression in the
cytoplasm provides cellular contractility,
which is intimately related with fibrosist*.
Myofibroblasts generally vanish following
effective tissue healing, but deregulation of
normal repair mechanisms, such as chronic
inflammation or oxidative stress in the
tissue, can result in prolonged myo-
fibroblasts activation leading to excess
collagen production, which finally results
in fibrosis™*®. The significant increase of
hydroxyproline, a major component of
collagen, in the presented work is in
agreement with several studies that reported
the correlation between fibrosis and
hydroxyproline elevation**!. A Hydroxy-
proline value is a surrogate indicator of
collagen regulation and metabolism. Proline
hydroxylation permits the collagen helix to
twist sharply and stabilizes its structure.
Increased hydroxyproline levels represent
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elevated collagen levels and
demonstrated in fibrotic diseases®.
Under our experimental conditions, in
ovarian and oviduct fibrosis, PSR stain
was found to be the best staining procedure
for revealing the presence, describing the
distribution  patterns, and  performing
quantitative estimation of collagen fibers,
as well as for clearly appreciating the
thinnest fibers and networks within the
tunica muscularis in oviducts. However,
PSR presented significant increase in
collagenous contents when compared with
MT and VG stains. Our findings are in
agreement with those of Segnani et al.l*®),
who reported that the VG technique only
stained collagen fibers in the tunica mucosa
and submucosa, whereas Sirius red staining
revealed collagen fibers all over the wall,
highlighting the thin collagen network in
between the muscle compartment. Because
they rely on differential binding by tissue
components, VG and other trichrome stains
as MT stain (which combine two or more
anionic dyes) have been frequently regarded
as specific for collagen fibers in tissues.
Differences in the relative sizes of stains
molecules, variations in the tissue physical
structure (for example, tightly versus loosely
packed), and differences in the amino acid
content of tissue elements, all contribute to
this differentiation. The VG and trichrome
stains may not be ideal stain for identifying
collagen due to their lack of precise
selectivity. Furthermore, neither of these
approaches is capable of detecting very fine
collagen fibers, a drawback that might result
in a significant underestimating of collagen
content in some cases*’*®. Therefore, the
Picrosirius stain was proved to implement
a more selective stain for demonstrating
collagen fibers, which could be appreciated
with less fading than VG stain and then
observed considerably better using polarized
light microscopy*®“!. Because of its aniso-
tropic molecular organization, collagen is
birefringent and appears brilliant. The
orderly binding of PSR stain molecules to
collagen fiber further promotes collagen
birefringence, resulting from the anisotropic

are

molecular organization of PSR stain. Thus,
the combination of PSR and polarized light
microscopy provides an efficient way to
demonstrate collagen fibers®™. Collagen is
divided into several subtypes, each having
its own mechanical and organizational
properties. Collagen's optical properties have
been demonstrated to be influenced by its
molecular organization, packing density, and
ratio of subtypes®.

Collagen birefringence has been reported
to increase throughout time, implying the
growth and maturity of collagen. The
increased birefringence is attributable to
higher collagen fiber alignment and packing,
increased collagen molecular organization,
and decreased interstitial ECM. In a some-
what loose network, the newly generated
collagen subtype was of thinner Type III.
Gradually, the relative amount of the
thicker Type 1 collagen, which forms in
a relatively tight network, was predominant
and increased sharply®™*®2. The PSR stain is
elongated birefringent molecules that, when
bound within the upper groove of well
oriented eosinophilic collagen molecules,
the stains orient parallel to the long
axis of each collagen fiber, causing
considerably enhancing the normal biref-
ringence stemming from a uniform
fiber distribution™®®. Collagen can be
demonstrated or quantified via several
techniques including immunohistochemistry,
confocal microscopy, polymerase chain
reaction (PCR), and multiple histological
staining approaches (MT, PSR, and VG
stain). Even though the staining methods
are not considered highly specific as the
techniques mentioned, they can be quickly
performed at a minimal cost. Thus, it is
important to understand each stain's
limits, as many special stains highlight
collagen configuration and the heterogeneity
of fibers direction in the tissues, with no
differentiation between the types?’434%,
Polarized light microscopy is capable of
non-destructively measuring of biological
samples molecular organization in their
native conditions. Moreover, polarized
microscopy is very sensitive tool for
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birefringence measurement, however, it can
only image anisotropic structures that have
a limited range of orientations with
regarding to the microscope polarization
axes. Thus, polarized light microscopy
should be able to identify collagen fibers,
as it is a highly ordered molecule and one
of the most birefringent proteins in the
tissue®!. Birefringence is one of the many
phenomena that can occur in anisotropic
objects. When light passes through aniso-
tropic structures, it is split into two
beams with differing velocities and per-
pendicular vibration planes. Birefringence is
a measurement of the difference in the
refractive indices of two independent
components (the fast ray and slow ray) of
the incident ray passing through a sample.
The samples that are analyzed with polarized
light microscopy showed a complex mixture
of different colors, revealing different
collagen subtypes™®!.

The special stain PSR is capable of
enhancing the normal birefringence of the
collagen during exposure to polarized light.
In polarized light observation, thick fibrous
collagen type | appears as bright yellow
to orange, while thinner collagen type IllI,
composed of reticular fiber, appears in
green  color®’.  Traditional  polarized
microscopes usually use Picrosirius staining,
which intensifies the dichroism of collagen
fibers reported to be 700%Y. Keikhosravi
et al.’! reported the higher sensitivity
of polarized microscopy compared to
traditional microscopes as they observed
10-15 times increase in collagen dichroism
enhancement in breast and pancreatic cancer
tissues. Our findings of the present work
are in agreement with those studies in that
the sensitivity of polarized microscopy in
guantifications of ovarian and oviducts
fibrosis by comparing with traditional
light microscope. In conclusion, our work
concluded that: (1) Chronic consumption of
HFD induced fibrosis in ovary and oviducts.
(2) Under our experimental conditions,
PSR stain is the best method for further
investigation and demonstration of ovarian
and oviduct fibrosis, with using either

traditional light or polarizing microscopes
when compared with MT and VG stains.
(3) Our work can recommend polarizing
microscope as a tool to evaluate fibrosis
of ovary and oviducts, as it is a cheap,
less bulky, and user friendly tool.
(4) Polarizing microscope can differentiate
between different collagen patterns, as
mature thick type | collagen appeared
with orange to red color, while thin
immature collagen type Ill was green in
color. However, studies are still needed to be
able to recommend polarizing microscopy
for demonstrating of fibrosis in different
organs.
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