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ABSTRACT

Background: Triclosan (TCS) is a bactericide used in many daily products. TCS potential for endocrine disruption is
suspected to impact male reproductive system.

Aim of the study: Is to evaluate the effect of TCS and its withdrawal on the cauda epididymis of adult albino rat using
different histological and biochemical techniques.

Materials & Methods: Twenty-one adult male albino rats were equally divided into 3 groups; control, TCS-treated
(administered 200mg/kg/day for 8weeks) and TCS-withdrawal group (administered 200mg/kg/day for 8weeks then left
without treatment for 8weeks). Serum testosterone was quantified and epididymal specimens were processed for light and
electron microscopic examination. Immunohistochemical staining against androgen receptor was performed.

Results: TCS-treated group revealed a significant decrease in serum testosterone. Principal cells showed vacuoles compressing
their nuclei, some pyknotic nuclei and sparse stereocilia. Many adluminal halo cells were observed. The epithelial lining
depicted focal areas of stratification and areas of discontinuity. Widened interstitium inbetween the ducts with cellular
infiltrations and some congested blood vessels were observed. Mallory-trichrome staining revealed prominent collagen fibers
surrounding the epididymal ducts and blood vessels and an enhanced Periodic-Acid-Schiff reaction in the thickened basal
lamina coupled to a diminished Periodic-Acid-Schiff reaction in the apical parts of the epididymal epithelial cells. A weak
nuclear androgen receptor immunoreaction in the epididymal epithelial lining of the ducts was detected. Ultrastructural
examination depicted principal cells with irregular nuclei, vacuolated cytoplasm with many lysosomes, dilated Golgi
apparatus and rough endoplasmic reticulum. Irregular apical cytoplasmic projections and sparse stereocilia were observed.
Clear cells showed some cytoplasmic projections, large apical vacuoles and few lipid droplets. Migrating halo cells with
vacuolated cytoplasm were observed. Withdrawal group showed a near normal histology.

Conclusion: TCS has extremely affected the epididymal lining through acting as an endocrine disruptor. Withdrawal of TCS
exerted a satisfactory outcome.
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INTRODUCTION dibenzodioxins!'!. These serious compounds may impact

the human health in various ways.

Triclosan (TCS) is a chlorinated phenolic bactericide.

It acts as a broad-spectrum antiseptic, disinfectant and
preservative agent mainly in personal care products
like hand soaps, cosmetics, detergents, toothpastes and
shampoos. It is also incorporated in toys, kitchen utensils
and clothes!'!. It was even suggested for the treatment of
plaque and gingivitisf.

Widespread use of TCS makes it a serious
environmental pollutant® as it has been widely detected
in water, sediment, biosolids, soils, aquatic species and
humans™. TCS can be even transformed into more toxic
compounds by various chemical reactions as chlorination
resulting in chlorinated phenols, or biological methylation
turning TCS into methyl triclosan. Nevertheless, photo
oxidation of TCS results in the formation of chlorinated
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TCS is rapidly absorbed from the gastrointestinal tract,
oral mucosa and human skinPl. Acute, subacute and even
chronic toxicity upon exposure to TCS were detected in
many species through dermal and oral exposure!®. TCS is
metabolized in the liver and excreted by the kidney, it is
readily distributed in the body and was detected in various
human tissues and fluids as serum and human breast
milk!”891,

Chronic exposure to TCS may lead to health hazards
in many species. These effects include allergy, antibiotic
resistance, skin irritations, and endocrine disruption™®,

Many researches have documented deterioration of male
reproductive health over the last few decades, resulting in
increased male infertility with abnormal sperm count and
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quality. Lifestyle, nutritional and environmental factors
could stand behind this deterioration!'"’. One of the most
important of these environmental factors is the endocrine
disruptors that are seriously incriminated in reproductive
toxicity. TCS potential for endocrine disruption has long
concerned many researchers!!?.

The cauda epididymis is the terminal part of epididymis
where the process of sperm maturation is completed,
spermatozoa become motile and acquire the potential
ability to fertilize oocytes. Moreover, cauda epididymis is a
site for storage of mature sperms till the time of ejaculation.
These sperm modifications depend on the intact healthy
epididymal microenvironment provided by the absorptive
and secretory properties of the epididymal lining
epithelium!™*1. As it has been reported that TCS tend to
accumulate in the epididymis of rat!"¥], this has encouraged
the designing of this study to make a full morphological
and morphometrical evaluation of the effect of TCS and
its withdrawal on the cauda epididymis of adult albino
rat using different histological, immunohistochemical and
biochemical techniques.

MATERIAL AND METHODS

Twenty-one adult male albino rats weighing
150-180 grams each were used in this study. They were
kept in clean properly ventilated cages with free access to
a balanced laboratory diet and water. The rats were kept
on a 12h-light/12h-dark cycle before the experiment and
throughout the study period. They were kept for 2 weeks
before the experiment for acclimatization. The study design
was approved by the Local Ethics Committee of Faculty of
Medicine, Tanta University, Egypt.

The animals were randomly allocated into three
equal groups:

Group I (Control group): Animals of this group were
orally administered 1 ml of distilled water daily for 8
weeks.

Group II (Triclosan-treated group): Animals were
orally administered Triclosan (TCS) at a dose of 200 mg/
kg body weight suspended in 1 ml of distilled water daily
for 8 weeks.['”. TCS was purchased from Sigma Aldrich
Chemical Co (cat # PHR1338, St. Louis, MO, USA).

Group III (Triclosan-withdrawal group): Animals
were orally administered TCS at a dose of 200 mg/kg body
weight suspended in 1 ml of distilled water daily for 8
weeks then left for another 8 weeks without treatment.

At the end of the experiment, animals were anesthetized
using intraperitoneal injection of  pentobarbital
(40 mg/kg)!'%l. Blood samples were collected directly from
the heart of the animals to measure the level of testosterone
hormone. Serum was obtained after centrifugation and
stored at —20°C. Laparotomy was performed and caudae
epididymes were dissected out and processed for light and
electron microscopy.

Hormonal assay:

The mean serum level of testosterone hormone
was assayed using specific radioimmunoassay (ICN
Pharmaceuticals Inc., California, USA). The values were
recorded in ng/dl.

For examination by light microscopy:

Epididymal specimens were immersed in 10% neutral-
buffered formalin, washed, dehydrated, cleared and
embedded in paraffin. Sections of Sum thickness were
stained with hematoxylin and eosin (H&E)!"!, Periodic Acid
Schiff reagent (PAS) for detection of mucopolysaccharide
and Mallory’s trichrome stain for detection of collagen
fibers!'sl.

For immunohistochemical staining for detection of
androgen receptor (AR)

Sections of 5 um thickness were dewaxed, rehydrated
and washed with phosphate buffered saline (PBS) and then
incubated with PBS containing 10% normal goat serum.
Sections were incubated with the rabbit polyclonal antibody
against androgen receptor (ab3510, Abcam, Cambridge,
Massachusetts, USA) overnight in a humid chamber at 4°C
and then incubated with biotinylated goat anti-rabbit IgG
for 60 min at room temperature. Sections were incubated
with a streptavidin—biotin—horseradish peroxidase complex
for another 60 min. The immunoreactivity was visualized
using 3,3'-diaminobenzidine (DAB) hydrogen peroxide
as a chromogen and sections were counterstained with
Mayer’s hematoxylin. The negative control sections were
prepared by excluding the primary antibody!.

For examination by
microscopy:

transmission electron

Cauda epididymal specimens were cut into small
pieces and fixed in 4% phosphate buffered glutaraldehyde
(0.1 M, pH 7.3), post-fixed with 1% phosphate-buffered
osmium tetroxide, then dehydrated in ascending grades of
ethanol. The specimens were immersed in propylene oxide
then embedded in epoxy resin mixture. Semithin sections
(Ipm thick) were stained with 1% toluidine blue and
examined by light microscope for proper orientation’!,
Ultrathin sections (80-90nm) were stained with uranyl
acetate and lead citrate, to be examined by JEOL-JEM-100
transmission electron microscope (Tokyo, Japan) at the
Electron Microscopic Unit, Faculty of Medicine, Tanta
University, Egypt.

Morphometric analysis

The images were obtained using a Leica microscope
(DM3000, Leica, Germany) coupled to a Leica camera
(DFC-290, Leica, Germany). The image analysis was
done using Leica Qwin 500 C image analyzer computer
system (Leica Imaging System LTD., Cambridge,
England) at Central Research Lab, Faculty of Medicine,
Tanta University, Egypt. Ten different non-overlapping
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randomly-selected fields at magnification of 400 were
examined for:

1.  Mean epithelial height and ductal diameter of the
epididymal ducts was measured in H&E stained
sections.

2. Mean relative frequency of the epididymal
compartments (epithelium, lumen, and
interstitium); the epithelial area was calculated as
the difference between the total area of the ducts
and the total luminal area, whereas the interstitium
was the difference between the total area of ducts
and the total field area in H&E stained sections.

3. Mean color intensity of the positive histochemical
reaction for PAS stain expressed as a magenta red
coloration.

4. Mean area percentage (%) of collagen fiber content
(in Mallory’s trichrome-stained sections). Total
area was measured after selection by adjusting the
color threshold while excluding the background
and then the blue stained area was selected and
measured to calculate the area percentage (%) =
(blue stained area/total area) x 100.

5. Mean color intensity of positive
immunohistochemical reaction for androgen
receptor (in DAB-stained sections). The color
intensity was calculated by subtracting the color
intensity of negative immunohistochemical
control from the color intensity of positive stained
specimen in serial sections.

Statistical analysis

The data were analyzed by using one-way analysis
of variance (ANOVA) followed by Tukey’s test for
comparison between the groups using statistical package
for social sciences statistical analysis software (IBM SPSS
Statistics for Windows, IBM Corp, Version 22.0. Armonk,
NY, USA). All values were recorded as mean =+ standard
deviation. Differences were considered significant if
probability value p<0.05 and highly significant if
p<0.001%",

RESULTS

Hormonal assay

Serum testosterone in TCS-treated group showed a
highly significant decrease (23.62+2.89) compared to
the control group (41.09+£3.32), while a non-significant
difference was recorded between TCS-withdrawal group
(39.89+3.45) and the control group (Table 1, Histogram 1).

Histological findings
Hematoxylin and eosin (H&E) staining

Light microscopic examination of H&E-stained
sections of cauda epididymis from control group revealed
the presence of epididymal ducts containing numerous
spermatozoa in the lumen. The ducts were lined with

pseudostratified columnar epithelium resting on a basal
lamina. The main lining cells were principal columnar cells
with basally located nuclei and apical stereocilia projecting
into the lumen. Clear cells with pale vacuolated cytoplasm
and central nucleus were observed inbetween the principal
cells, while basal cells rested on the basal lamina among
the bases of principal cells. Few halo cells (intraepithelial
lymphocyte) were detected at different levels of the
epithelium from the basal lamina to the lumen. They were
small rounded cells with a scanty pale cytoplasm. The
epididymal duct was surrounded by a thin layer of smooth
muscle fibers and connective tissue (Fig. 1).

Sections from TCS-treated group II revealed that the
epididymal ducts contained apparently few spermatozoa
in the lumen. Principal cells lining the epididymal duct
showed vacuoles compressing their nuclei with some
pyknotic nuclei and sparse stereocilia. Many halo cells
were observed in close contact with the tubular lumen.
Many basal cells were observed inbetween the principal
cells. Epithelial lining showed focal areas of stratification
in addition to some areas of discontinuity. Moreover, the
smooth muscle layer surrounding the epididymal duct
showed focal thickening and sometimes separation from
the bases of the ducts. Widened interstitium inbetween the
ducts with cellular infiltrations and some congested blood
vessels were observed (Figs. 2, 3).

Sections from TCS-withdrawal group III depicted
minimal structural changes in epididymal ducts with
scanty stereocilia. Few vacuolated cells were observed.
Numerous spermatozoa could be seen in the epididymal
lumen (Fig. 4).

Morphometric analysis revealed a significant decrease
in both epithelial height and ductal diameter (15.8+2.39,
136.12+16.89 respectively) in group II compared to the
control (22.40+3.53, 155.89+12.44 respectively). While a
non-significant difference in both parameters was observed
between group III (19.76+3.71, 148.114+9.89 respectively)
and the control group. Relative frequency (%) of different
epididymal compartments (ductal epithelium, ductal
lumen and interstitium) showed a significant decline in
both ductal epithelium and ductal lumen percentages in
group II (17.52+3.31, 53.2246.45 respectively) compared
to the control (23.43+3.03, 66.65+4.90 respectively), while
showed a significant increase in interstitium percentage in
group II (19.26+4.09) compared to the control (9.92+1.87).
On the other hand, a non-significant difference in all
parameters was observed between group III (21.33+£2.54,
62.88+5.13, 12.34+3.71 respectively) and the control
group (Table 1) (Histogram 1).

Mallory’s trichrome staining

Mallory’s trichrome-stained sections from control
group showed few blue-stained collagen fibers in the
connective tissue surrounding epididymal ducts (Fig. 5).
While section from TCS-treated group revealed prominent
blue-stained collagen fibers surrounding the epididymal
ducts and blood vessels (Fig. 6). On the other hand,
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sections from group III depicted few collagen fibers in the
connective tissue surrounding epididymal ducts (Fig. 7).

Morphometric analysis of the mean area percentage
of the collagen fiber content revealed a highly significant
increase in the TCS-treated group (17.38+3.09) compared
to the control group (8.72+1.55), while a non-significant
difference was observed between group III (10.11£1.99)
and the control group (Table 1) (Histogram 1).

Periodic Acid Schiff (PAS) staining

PAS-stained sections from control group showed a
strong characteristic magenta red PAS reaction in the basal
laminae of the epididymal ducts associated with intact
thin apical PAS reaction in the lining epithelial cells (Fig.
8), whereas section from TCS-treated group revealed an
enhanced PAS reaction in the apparently thickened basal
lamina, while a diminished PAS reaction in the apical parts
of the lining epithelial cells was observed (Fig. 9). On the
other hand, sections from group III depicted a strong PAS
reaction in the basal laminae of the epididymal ducts with
intact thin apical PAS reaction in the lining epithelial cells
(Fig. 10).

Morphometric analysis of the mean color intensity of
PAS stain in the TCS-treated group revealed significant
increase (6.01+1.46) compared to the control group
(15.37+2.88), while a non-significant difference was
observed between group IIT (13.57+1.49) and the control
group (Table 1) (Histogram 1).

Androgen receptor (AR) immunohistochemical
staining
AR-immunostained sections from control group

showed a strong exclusively nuclear immunoreaction in
the epithelial lining of the epididymal ducts in the form of
brown coloration (Fig. 11). While sections from TCS-treated
group showed an apparently weak nuclear immunoreaction
in the epithelial lining of the epididymal ducts, in addition to
some focal cytoplasmic positive immunoreaction (Fig.12).
On the other hand, sections from group III revealed a strong
nuclear androgen receptor immunoreaction in the epithelial
cells lining the epididymal ducts (Fig. 13).

Morphometric analysis of the mean color intensity of
AR immunostaining in the TCS-treated group revealed
a highly significant decrease (38.71+4.88) compared to
the control group (60.50+5.07), while a non-significant
difference was observed between group III (56.93%6.11)
and the control group (Table 1, Histogram 1).

Transmission electron microscopy

Examination of ultrathin sections from the control group
showed the characteristic ultrastructure of cauda epididymis

epithelial lining; Principal cells with basal euchromatic
nuclei showed apical stereocilia projecting into the lumen.
Clear cells contained numerous clear vacuoles and lipid
droplets (Fig. 14). Halo cells were observed among the
principal cells. They showed pale cytoplasm and central
rounded or oval slightly indented euchromatic nuclei. The
basal cells were small rounded or oval in shape with large
euchromatic nuclei and scanty cytoplasm. These epithelial
cells overlied a regular basement membrane (Fig. 15).

Examination of ultrathin sections of cauda epididymis
from TCS-treated group revealed principal cells with
irregular apical cytoplasmic projections, sparse to few
stereocilia as well as cellular blebbing into the Iumen.
Principal cells showed irregular nuclei and vacuolated
cytoplasm with many lysosomes, dilated proliferated Golgi
apparatus and rough endoplasmic reticulum (Figs. 16, 17).
Clear cells showed some cytoplasmic projections, large
apical vacuoles and few lipid droplets (Fig. 18). Migrating
halo cells with vacuolated cytoplasm widely separated from
the surrounding principal cells were observed. Abundant
collagen fibers were detected underneath the epididymal
tubular epithelial cells (Fig. 19).

Examination of ultrathin sections of cauda epididymis
from TCS-withdrawal group depicted minimal structural
changes in cauda epididymis epithelial lining, where some
principal cells showed few vacuoles (Fig. 20).

Fig. 1: A photomicrograph of a section of the cauda epididymis from
control group showing epididymal ducts lined with principal columnar
cells with basal nuclei and stereocilia (thin arrows), clear cells with pale
vacuolated cytoplasm (angular arrows), basal cells resting on the basal
lamina (thick arrows), and halo cells with scanty pale cytoplasm (notched
arrow). Thin layer of smooth muscle fibers surrounds each epididymal
duct (arrow head). Notice numerous spermatozoa in the epididymal
lumen (asterisks). (H&E X400, scale bar=50 um)
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Fig. 2: A photomicrograph of a section of the cauda epididymis from
TCS-treated group showing principal cells with vacoules compressing
their nuclei (thin arrows), pyknotic nuclei (wavy arrows) and sparse
stereocilia. Many halo cells (notched arrows) are seen adluminal. Smooth
muscle layer (arrow heads) is thickened or separated from the base of the
epididymal ducts. Mononuclear cellular infiltration (I) is observed in the
widened interstitium. Some congested blood vessels are observed as well
(v). Notice reduced sperm density in the lumen of ducts (asterisks). (H&E
X400, scale bar=50 pum)

Fig. 3: A photomicrograph of a section of the cauda epididymis from TCS-

treated group showing principal cells with vacoules compressing their
nuclei (thin arrows), pyknotic nuclei (wavy arrows) and sparse stereocilia.
Many halo cells (notched arrows) are seen adluminal. Multiple basal cells
are observed (thick arrows). Smooth muscle layer (arrow heads) shows
focal thickening. Mononuclear cellular infiltration (I) is observed in the
widened interstitium. Some congested blood vessels are observed as well
(v). Focal discontinuity is seen inbetween the epithelial lining (curved
arrows). Focal stratification can be detected (double arrows). Notice
reduced sperm density in the lumen of ducts (asterisks). (H&E X400,
scale bar=50 um)
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Fig. 4: A photomicrograph of a section of the cauda epididymis from
TCS-withdrawal group showing minimal changes in epididymal ducts
with scanty stereocilia. Numerous spermatozoa are seen in the epididymal
lumen (asterisks). Notice few vacuolated cells (thin arrow). (H&E X400,

scale bar=50 um)

Fig. 5: A photomicrograph of a section of the cauda epididymis from
control group showing thin blue-stained collagen fibers in the connective
tissue surrounding epididymal ducts (thin arrows). (Mallory’s trichrome
stain X400, scale bar=50pum)

Fig. 6: A photomicrograph of a section of the cauda epididymis from

TCS-treated group showing prominent blue-stained collagen fibers
surrounding the epididymal ducts and blood vessels (thin arrows).
(Mallory’s trichrome stain X400, scale bar=50pm)
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Fig. 7: A photomicrograph of a section of the cauda epididymis from
TCS-withdrawal group showing few blue-stained collagen fibers
surrounding the epididymal ducts (thin arrow). (Mallory’s trichrome
stain X400, scale bar=50pum)

Fig. 8: A photomicrograph of a section of the cauda epididymis from
control group showing a strong PAS reaction in the basal laminae of the
epididymal ducts (thick arrows) with intact thin apical PAS reaction in the
lining epithelial cells (thin arrows) . (PAS stain X400, scale bar=50pm)
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Fig. 9: Photomicrographs of sections in the cauda epididymis from
TCS-treated group showing an enhanced PAS reaction in the apparently
thickened basal lamina (thick arrows). Notice diminished PAS reaction
in the apical parts of the lining epithelial cells (thin arrows). (PAS stain
X400, scale bar=50um)

Fig. 10: A photomicrograph of a section of the cauda epididymis from
TCS-withdrawal group showing a strong PAS reaction in the basal
laminae of the epididymal ducts (thick arrow) with intact thin apical PAS
reaction in the lining epithelial cells (thin arrow) . (PAS stain X400, scale
bar=50pm)
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Fig. 11: A photomicrograph of a section of the cauda epididymis from
control group showing a strong exclusively nuclear androgen receptor
(AR) immunoreaction in the epithelial cells lining the epididymal ducts
(thin arrows). (AR immunostaining X400, scale bar=50um)

Fig. 12: A photomicrograph of a section of the cauda epididymis
from TCS-treated group (showing a weak nuclear androgen receptor
immunoreaction in the epithelial cells lining the epididymal ducts (thin
arrows). Notice some focal cytoplasmic reaction (thick arrows). (AR
immunostaining X400, scale bar=50pm)
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Fig. 13: A photomicrograph of a section of the cauda epididymis from

TCS-withdrawal group showing a strong nuclear androgen receptor (AR)
immunoreaction in the epithelial cells lining the epididymal ducts (thin
arrows). (AR immunostaining X400, scale bar=50um)

Fig. 14: An electron micrograph of the cauda epididymis from control

group showing principal cells (P) with basal euchromatic nucleus (n) and
stereocilia (s) projecting into the lumen. Clear cell (C) with numerous
vacuoles (asterisks) and lipid droplets (f) is observed. (TEM X5850, scale
bar=2 pm)

Fig. 15: An electron micrograph of the cauda epididymis from control
group showing halo cell (H) with central oval nucleus (n) and pale
cytoplasm inbetween the principal cells (P). Basal cell (B) with large
euchromatic nucleus (n) and scanty cytoplasm resting on a regular
basement membrane (BM) is observed. Notice clear cell (C). (TEM
X5850, scale bar=2 pum)

Fig. 16: An electron micrograph of the cauda epididymis from TCS-

treated group showing principal cells with irregular apical cytoplasmic
projections (arrow), few stereocilia (s) and cellular blebbing (b) into
the lumen. Notice presence of irregular nucleus (n), vacuoles (v),
mitochondria (M) and many lysosomes (L) in the cytoplasm. (TEM, i, ii
X5850, 8780 respectively, scale bar=2 pm)
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Fig. 17: An electron micrograph of the cauda epididymis from TCS-
treated group showing dilated proliferated Golgi apparatus (G) and rough
endoplasmic reticulum (R) in principal cell. Notice presence of lysosomes
(L) and multiple vacuoles (v). (TEMX23400, scale bar=50 nm)

Fig. 18: An electron micrograph of the cauda epididymis from TCS-

treated group showing a clear cell (C) with cytoplasmic projections
(arrow), large apical vacuoles (v) and few lipid droplets (f). Notice
principal cell (P) with sparse stereocila (s) and vacuolated cytoplasm (v).
(TEMx8780, scale bar=2 um)

Fig. 19: An electron micrograph of the cauda epididymis from TCS-
treated group showing migrating halo cell (H) with vacuolated cytoplasm
and basal cell (B) with dark nucleus (nl). Abundant collagen fibers (Cl)
are observed underneath the epididymal tubular epithelial cells. Notice
indented nuclei of principal cells (n2). (TEM, i, ii X5850, scale bar=2 um)

Fig. 20: An electron micrograph of the cauda epididymis from TCS-
withdrawal group showing principal cells (P) with vacuoles (V) and
stereocilia (s) projecting into the lumen. Notice clear cell (C) with
numerous vacuoles (v) is observed. (TEM X5850, scale bar=2 pum)
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Table 1: Morphometric and statistical analysis of cauda epididymis different parameters:

Parameters Group I Group II Group III
Hormonal assay

Serum testosterone (ng/dl) 41.09+3.32 23.62+2.89™ 39.89+3.45
Morphometric parameters

Epithelial height (um) 22.40+3.53 15.8+2.39" 19.76+3.71
Ductal diameter (pm) 155.89+12.44 136.12+16.89" 148.11+9.89
Mean relative frequency (%) of epididymal compartments:

Ductal epithelium (%) 23.43+3.03 17.5243.31" 21.33+2.54
Ductal lumen (%) 66.65+4.90 53.22+6.45" 62.88+5.13
Interstitium (%) 9.92+1.87 19.26+4.09" 12.34+£3.71
Special staining

Mean area % of collagen content 8.72+1.55 17.38+3.09™ 10.11£1.99
Mean color intensity of PAS stain 15.37+2.88 6.01+1.46" 13.57+1.49

Immunohistchemical staining

Mean color intensity of AR reaction 60.50+5.07 38.71+4.88™ 56.93+6.11

Data is expressed as mean + standard deviation. * indicates significant, ** indicates highly significant vs control.

H Serum testosterone (ng/dl)

Relative frequency (%) of epididymal
compartments
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Histogram 1: a) Serum testosterone (ng/dl), b) Epithelial height (um), ¢) Ductal diameter (um), d) Mean area % of collagen content, ¢) Mean relative frequency
(%) of epididymal compartments, f) Mean color intensity of PAS stain, g) Mean color intensity of AR reaction, * indicates significance vs control.
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DISCUSSION

Human exposure to chemicals is becoming more and
more inevitable. Most of these chemicals are hormonally
active compounds that causes endocrinal disturbance
and affect different system in the body especially the
reproductive system!??l. Although it is highly detected
across the ecosystem, the health hazards of TCS have not
been yet fully studied. TCS is currently suspected to be a
potential male reproductive toxicant!**!.

In the current work, the effect of TCS on the adult rat
was studied, where the results showed many changes at the
level of structure and function of the reproductive system
namely serum testosterone, androgen receptor and structure
of the epididymis. In relation to serum testosterone, TCS-
treated group showed a highly significant decrease in
testosterone level compared to the control group as was
similarly reported in other studies?!, where the effect of
TCS on puberty and thyroid hormones in male Wistar
rats was investigated and they found that TCS decreased
the serum testosterone level. This was explained by the
effect of TCS in decreasing synthesis of androgens which
could be mediated through the downregulation of various
signal molecules, as mRNA for testicular steroidogenic
acute regulatory (StAR) protein, cytochrome P450scc,
cytochrome P450C17, 3B-hydroxysteroid dehydrogenase
(3BHSD), 17B-hydroxysteroid dehydrogenase (17HSD)
and AR, Moreover, TCS reduced the activity of adenyl
cyclase enzyme leading to decreased synthesis of cAMP,
which then disturbed the function of major steroidogenic
enzymes leading to reduced testosterone production in
Leydig cells® or acted as an antagonist of its effect on
androgen receptors(°l,

The present results of AR immunohistochemical
staining in the TCS-treated group revealed highly
significant decrease in the mean color intensity of AR
immunostaining compared to the control group. This
finding could be a result of the direct interaction of TCS
with the cells where it acts as antiandrogen®”. Moreover, it
was documented that TCS has an anti-androgenic activity
in human breast cancer cells through binding to androgen
receptors®. Other mechanism of antiadrogenic effect of
TCS is through increasing the effect of estrodial and co-
activation of estrogen receptors (ERs)*%, where some
authors reported the significant expression of ERs in the
epididymisP!l. Nevertheless, other researchers stated that
TCS has the affinity for binding with both androgen and
estrogen receptors in vitroP®2. A peculiar cytoplasmic
expression of AR could be reported in the current work,
Nguyen et al.,B¥ attributed the cytoplasmic expression of
AR to the absence of its ligand, i.e. androgens, which could
be explained in the present work by the reported extreme
drop in serum testosterone in TCS-treated group.

During the course of this study, few spermatozoa could
be detected in the lumen. This observation was similarly
reported in some previous studies, where TCS was found
to affect the sperm concentration, sperm count, number

of moving sperms, and number of normal morphologic
sperms!’®!. Another study documented that high dose of
TCS decreased the sperm density as well as decreased
the number of sperm produced per day in prepubertal rats
exposed to TCS, which could be attributed to the effect
of TCS on the level of testosterone and other hormones
like FSH and LH, as well as inhibiting androgen receptor
protein expression. These hormones are essential for the
process of spermatogenesis, which finally resulted in
inhibition of spermatogenesis and decreased number of
sperms with bad quality of semen!'”. Additionally, Riad
et al.P¥ reported that TCS has significantly decreased
the number and motility of sperm in weanling male rats
as well as significantly decreased the testosterone level.
They attributed this finding to the induction of testicular
oxidative stress by TCS.

As regard the morphological changes, the current work
revealed vacuoles compressing the nuclei of principal
cells of the epididymal lining with some pyknotic nuclei
and sparse stereocilia. Moreover, many halo cells were
observed in close contact with the tubular lumen. Epithelial
lining showed focal areas of stratification in addition to
some areas of discontinuity. Significant decrease in both
epithelial height and ductal diameter were observed. These
results come in consistence with other studies reporting
that chemical compounds similar to TCS cause detachment
of stereocilia and vacuolation of the epididymal lining.
They argued that these degenerative changes were due
to disturbance in the levels of ARs and ERs, which play
important rule in the functioning of epididymist*3¢l.

Similarly, Lan et al!"! observed a TCS-induced
damage in the cauda epididymis in the form of exfoliated
vacuolated epithelial cells and detached stereocilia. They
reported by using special kinetic parameters that TCS has
a faster-level elimination rate in the testes and prostates
compared to those in the plasma, while it has a tendency to
accumulate in the epididymis. They attributed the variation
in TCS distribution in different reproductive organs to the
different tissue structures of these organs. They concluded
that the most affected cells were the lining epithelium of
the epididymis.

In the present work, it could be demonstrated that the
smooth muscle layer surrounding the epididymal duct
depicted focal thickening and sometimes separation from
the bases of the ducts. A study conducted on the effect of
TCS on the vascular function of rat arteries documented
that TCS induced a vasorelaxation effect on the smooth
muscle of the artery. They attributed their finding to the
changes in the mitochondrial membrane potential leading
to an increase in cytoplasmic level of Ca+ and production of
reactive oxygen species (ROS), thus resulting in activation
and proliferation of smooth muscle cells?”..

Signs of inflammation and fibrosis were recorded in the
current work in the form of widened interstitium in between
the ducts with cellular infiltrations and some congested
blood vessels. Excessive collagen fibers surrounding
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the epididymal ducts and blood vessels were detected
by Mallory’s trichrome stain and confirmed by EM.
Similarly, stromal hypercellularity, epithelial dysplasia and
inflammation were reported in the testis and epididymis
of transgenic (Tg) mice expressing human fibroblast
growth factor 8b. They explained their findings by the
effect of fibroblast growth factor on the stromal cellsB®!.
Moreover, excessive collagen deposition and fibrosis were
documented upon the study of the effect of TCS on rat liver.
The researchers reported that TCS induced hepatocyte
proliferation and fibrogenesis which could be explained by
the production of ROS and inflammatory cell aggregation.
TCS induced activation of the NADPH oxidase, expression
of inflammatory cytokines, such as CXCR2 and TNFa and
elevated the level of a- smooth muscle actin (a-SMA)B.,

Moreover, a decreased PAS reaction in the apical parts
of the epidydimal epithelial cells could be observed in the
current work, which might be due to loss of pseudostratified
epithelium lining the epididymis*®.

Ultrastructural findings from the present work showed
irregular apical cytoplasmic projections, sparse stereocilia
and shedding of epithelial remnants into the lumen. The
principal cells showed irregular nuclei and vacuolated
cytoplasm with many lysosomes and extremely dilated
Golgi apparatus and rough endoplasmic reticulum. The
clear cells depicted some cytoplasmic projections, large
apical vacuoles. Migrating halo cells with vacuolated
cytoplasm widely separated from the surrounding principal
cells were observed. Similar findings were reported in the
seminiferous tubules of rats treated with TCS, where Sertoli
cells appeared with vacuolated cytoplasm, degenerated
mitochondria and increased lysosomal activity, together
with decreased height of the spermatogenic epithelium.
These findings were most probably related to the effect
of decreased testosterone hormone which is the key
factor in stabilizing and maintaining the structure and
function of male reproductive system™!. In the same hand,
some authors reported that flutamide (an antiandrogen)
administration lead to atrophy of the lining epithelium
of the epidydimis, which could have been a result of the
decreased height of the lining epithelium due to the loss
of pseudostratified epithelium and its replacement with
flat cells™. These data come in favor of confirming the
antiandrogenic effect of TCS.

Additionally, electron microscopic examination of
the current study revealed increased lysosomes, dilated
proliferated Golgi apparatus and rough endoplasmic
reticulum. Similar results were observed during studying
the effect of bisphenol A on the epididymis of adult ratst .
These changes might be due to alterations in the secretory
function of the cells induced by TCS. Moreover, the clear
cells showed some cytoplasmic projections, large apical
vacuoles and few lipid droplets. Some authors have
attributed these changes in the clear cells to the increased
exfoliated cells and dead sperms in the lumen, thus inducing
an increased endocytotic activity of the clear cells, where
it was established that the main function of clear cells is

endocytosis of different particles from the lumen of the
epididymis such as necrotic particles remnant of sperms
and some proteins™*¥,

Moreover, migrating halo cells with vacuolated
cytoplasm widely separated from the surrounding principal
cells were observed. This could be a result of inflammatory
reaction induced by TCS which stimulated the halo cells,
since it is the main immune cell in the epididymist**.

One of TCS proposed mechanism of action is the
induction of oxidative stress leading to reduction in
thiol content of the cell and increasing the level of zinc
thus damaging the antioxidative system ending in excess
production of ROS and cell damage!*l. On the same hand,
it was documented that TCS causes disturbance in Ca+
and K level with an increase in cytoplasmic level of Ca+
leading to a change in the membrane potential of the cell
and mitochondrial membrane leading to mitochondrial
swelling and losing of its Cat+ and deenergization with
release of ROSH74841,

In the current study, results obtained from TCS-
withdrawal group revealed minimal structural changes in
the epididymis, this come in agreement with some authors,
who reported recovery of river biofilm community,
however they stated that removal of TCS exposure for
1-2 months did not result in normal reference condition
as before TCS exposurel™”. Yet other studies reported that
even much lower exposure level, chronic rather than acute,
and longer withdrawal period did not prove more efficient
recovery®!l. Nevertheless, another study that investigated
the effect of TCS on inducing mouse liver tumors and
examined the possibility of recovery, stated that the gene
expression and enzyme activities returned to control levels
after only 14 days of recovery®?.

Owing to the relatively few studies performed to
examine the possibility of recovery from TCS exposure, the
literature dose not report much on the possible mechanism
involved in restoration of the near normal histological
structure of the cells after TCS withdrawal. Yet this could
be in part linked degradation of TCSP**!. Looking back to the
data obtained from the current study, the restoration of the
hormonal balance expressed as a near normal level of serum
testosterone and androgen receptor immunoreactivity could
play an important role in restoring the normal epididymal
histology, as the testosterone deficiency and antagonists of
the androgen receptor have been originally incriminated in
inducing epididymal histopathological changes in the first
placel®. The restoration of the normal cellular oxidative
system after cessation of TCS exposure could also be in
part responsible for the ameliorated epididymal changes,
as one of the important mechanisms of TCS-induced
pathology is oxidative stress!*®, yet this hypothesis remains
to be examined through measuring different oxidative
stress markers.

The incomplete resolution of the histopathological
changes caused by TCS in the epididymis might be
attributed to the fact that TCS is a mitochondrial toxic
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chemical that based on its tissue distribution and
elimination, might lead to unexpected long-term toxic
effects®). This would encourage the incorporation of an
adjuvant ameliorating agent durin the recovery period, yet
some studies have suggested that a recovery period without
any treatment could prove more beneficial to patients
exposed to endocrine disruptors as bisphenol-A rather than
the use of an adjuvant protectivel®®!.

Taken altogether, it could be concluded that TCS has
extremely affected the epididymal lining through acting
mainly as an endocrine disruptor. Withdrawal of TCS
seemed to exert a satisfactory outcome. Alerts should be
raised toward the widespread use of TCS in a multitude of
preparations to put the proper regulations and warnings to
limit its deleterious effect.
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