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Bisphenol S (BPS) is used to make hard plastics and synthetic fibers for clothing. It
is now increasingly used as an alternative for BPA in food packaging materials, baby bottles,
food containers and thermal paper. Although BPS has higher molecular stability than BPA, it
has been reported in human serum globally. There are evidences that suggesting its potential
role in testicular function and spermatogenesis. In the present study, BPS induced oxidative
stress in testicular tissues were investigated for its impending role in activation of pro-apoptotic
factors. Wistar albino rats were randomly distributed into five groups consisting of Group A:
control; Group B-D: 100, 500, 1000 ug/kg body weight/day for 45 days; Group E: 1000 ug/kg
body weight/day + 8 mg/kg body weight of Vit-E for 45 days. Oxidative stress parameters i.e.
LPO, GSH, GPx, SOD and CAT were examined in testicular tissues. Apoptotic markers i.e. p53,
BCL-2 and Caspase-3 were evaluated to draw a parallel between performance of antioxidants
and upregulation of expression of apoptotic markers. Result showed dose dependent increase
in LPO of testicular tissues exceeding up to 37% in Group D. GPx activity decline by 13-14%
while GSH showed attempt to maintain testicular level at lower dose and Vit-E supplemented
group. Likewise, nearly 40% decline was noted in activity of catalase in groups C-D. There was
a clear equivalence between BPS induced oxidative stress and expression of Caspase-3 and BCL-
2. In conclusion, BPS appeared to generate high oxidative stress in testicular tissue leading to
equivalently higher activation of pro-apoptotic factors in germ cells. Loss of germ cells in high
dose groups indicate excessive elimination of germ cells either due to non- transformability or
loss of cellular integrity.
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Following major health concerns around
use of bisphenol A (BPA), bisphenol S (BPS)
was adopted as a replacement. The reason for
replacement was its greater stability and less likely
to leach out monomers into packaged foods and
drinks.! It is also reported to be thousands of times
lower potency rate comparing to BPA.? Based on its

*Corresponding author E-mail: drseemaa07 @gmail.com

properties and relative safety, it has been adopted
in manufacturing of thermal paper, plastic coating,
food containers, synthetic fibers for cloths etc.
Astonishingly, despite being a safer option BPS
was claimed by some previous studies to be more
toxic (specifically in reproductive system) than
BPA."* One of the studies has mentioned that
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BPS exerts disruptive effects in various biological
systems that are either similar or even more
prominent than those posed by BPA.*

Antioxidants play vital role in minimizing
damages to cellular protein, lipids, and genetic
materials induced by reactive oxygen species
(ROS) and reactive nitrogen oxide species
(RNOS).> Nonetheless, excessive formation of
ROS can disrupt redox homeostasis and create
imbalance between ROS and antioxidants.® Most
bisphenols are known to disrupt redox balances
in various tissues or organs; such as BPA,” BPS?
BPF,’ etc. Generation of excessive oxidative
radicals in vital organs can trigger severe injuries
leading to serious health issues. Reproductive
system has been reported to be one of the prime
targets of bisphenols, due to its estrogenic
mimicking ability.'® Male reproductive system
is rather more sensitive to bisphenols comparing
to female equivalents." High oxidative stress
has adverse repercussions on spermatogenesis.
Previous studies have also noted potentially
harmful impact of excessive ROS on male fertility
and sperm characteristics.'? A study by Sharma
et al.,”* reported that oxidative stress induced
apoptosis in germ cells during spermatogenesis
led to idiopathic infertility.

There is a growing sense of apprehension
that persistence of endocrine disrupting agents in
environment is the cause of increase in number
of infertilities around the globe. Bisphenol A
has already been researched extensively for its
adverse role in male reproductive system.' Not
far behind, BPS has also been reported with hypo-
spermatogenesis and mitochondrial dysfunction in
rats.”” The method of dysregulation and limiting
effect of BPS during spermatogenesis is however
opaque. Nevertheless, BPS is known to generate
extraordinary ROS in the testicular tissues.'
Therefore, the present study investigates role
of BPS induced oxidative stress on important
apoptotic biomarkers in testicular tissues of Wistar
albino rat.

MATERIALS AND METHODS

Test material

The test chemical bisphenol S (BPS/4,4’-
Sulfonyldiphenol, 4-Hydroxyphenyl sulfone) of
molecular weight 250.27 g/mol was purchased
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from Sigma Aldrich (CAS Number; 80-09- 1)
(Merck, MO, USA).
Test animal and ethical approval

Male Wistar albino rats (Rattus
norvegicus) of age 3 months weighing in range of
150- 200 g were used in the present study. Rats of
proven fertility through mating prior to experiment
commencement, were housed in polypropylene
cages (43x27x15 cm) and provided with drinking
water ad libitum. Veterinary supervision was
facilitated around the clock for seven days a week,
in the university departmental animal facility.
Day and night schedule were strictly followed for
12 h:12 h light and dark ratio. Experiments were
performed under guidance of Committee for the
Purpose of Control and Supervision of Experiments
on Animals."”
Experimental design

Experimental groups were constituted
based on daily oral doses of BPS. Equal number
of rats (n=5) were randomly distributed in to five
groups. Group A: sham treated with equal amount
of ddH,0O used to dissolve BPS; Group B: treated
with 100 ug/kg body weight/day of BPS; Group C:
treated with 500 pg/kg body weight/day of BPS;
Group D: treated with 1000 pg/kg body weight/
day of BPS; and Group E: treated with 1000 pg/
kg body weight/day of BPS + 80 mg/kg body
weight/day of Vitamin E. Respective treatments
in all groups were continued for 45 consecutive
days, on the 46th day animals were euthanized for
further investigations. Doses adopted in the present
study were in accordance to the OECD guidelines
for testing of chemicals.'® The dose selection for
current study was also referred from Azevedo et
al.,!° and Mao et al.?°
Estimation of oxidative stress in testicular
tissues

To estimate oxidative stress in testicular
tissues, portions of tissues were dissected out, and
weighed. Portion of tissue was homogenized in
chilled 0.05 M potassium phosphate buffer (PPB)
for measurement of activities of antioxidants. To
process investigation, 1ml of homogenate mixed
with trichloroacetic acid (10%) was centrifuged
at 40000g for 1h. Following centrifugation
supernatant was carefully collected and used in
estimation of LPO, GPx, and CAT.
Lipid peroxidation

The LPO was measured in testicular
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tissues of test animals and control through method
explained by Ohkawa.?! A 50il supernatant was
mixed with 2il of butylated hydroxytoluene
dissolved in methanol, followed by addition of
50il of acid reagent (phosphoric acid M) and TBA
solution. The solution was mixed properly and later
incubated for 1 h at 60°C. Sample supernatant was
added to microplate (75il each) and observed on
microplate reader (Bio Rad Laboratories Inc., CA,
USA) at 532 nm.
Glutathione peroxidase

Activity of GPx was measured in
testicular tissues by method of Wood.? In short, a
cuvette containing 700il of phosphate buffer (pH 7)
was added with 25il of glutathione reductase (GR)
solution (100 U/ml), 25il of sodium azide (0.12 M),
50il of Na2 EDTA (0.15 mM), 50il of 4 NADPH
(3 mM) and finally 50 pl of sample supernatant
was added. Reaction mixture was mixed properly
and equilibrated at 25 °C. As soon as hydrogen
peroxide (7.5 mM) was added reaction initiated,
this phenomenon of NADPH to NADP conversion
was recorded at 340 nm at every 1 min interval for
next 5 min. The enzyme activity was expressed as
nmol NADPH oxidized/min/mg protein using 6.22
mM- 1 cm- 1 as molar extinction coefficient.
Catalase

Activity of CAT was investigated in
testis according to the method explained in Aebi.”
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Briefly, a 475il of phosphate buffer (pH 7), was
added with 250il H,O, and 25il of test sample.
Control solution mixture was made by replacing
25il of sample to ddH,O of equal volume in the
previous mixture. Later, decomposition of H,0,
was measured at 240 nm and expressed in U/mg
protein where U represents imol H,O, decomposed/
min.
Glutathione

Testicular GSH was estimated according
to the method explained by Hissin and Hilf.**
Briefly, a 250 mg of tissue pellet was resuspended
in metaphosphoric acid (25%) and potassium
phosphate buffer (pH 8). The sample was later
sonicated and centrifuged at 30000 g for 30 min.
Supernatant was collected (200il) and incubated
with potassium phosphate EDTA buffer (pH 8) (1.7
ml) and o-phthaldialdehyde (1 mg/ml) (100il). Later
reaction mixture was read spectrophotometrically
at 350 nm excitation wavelength.Superoxide
dismutase

Estimation of superoxide dismutase
(SOD) in testicular tissues was carried out
according to Marklund and Marklund.” In short,
a 2.85 g of tris was dissolved in 1 1 of ddH,0 and
later added with 1.11g of EDTA-Na2 (Tris-EDTA
buffer). Likewise, a 0.6 ml concentrated HCI was
diluted in 1 1ddH,O and later 0.25 g of pyrogallol
was added (Pyrogallol solution). Tris-EDTA buffer
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Fig. 1. Lipid peroxidation in testicular tissues of BPS treated rats in comparison with control (Group A). Level of
significance was measured against control. *p<0.05



1133

was used to set zero in the spectrophotometer
at the wavelength of 420 nm. Later, test sample
was added to pyrogallol solution and read
spectrophotometrically at 420 nm at 0- and 1-min
post addition.
Estimation of p53, BCL-2 and caspase 3

Tissue slides were prepared for antibody
staining through graded rehydration and washing
in wash buffer for 10 min. slides were blocked by
peroxidase blocking reagent for 5 min. This was
followed by incubation with primary antibody of
investigated biomarkers (p53, BCL2 and Caspase
3) (Invitrogen, MD, USA). Slides were washed
properly post-incubation with PBS buffer and later
treated with Histostain-Plus, HRP and secondary
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antibody (dilution 60:40) (ThermoFisher Scientific,
MA, USA). After adding secondary antibody slides
were allowed to rest at room temperature for 30
min. Subsequently, DAB reagent was added for
30 s and observed under microscope. These slides
were further counterstained with haematoxylin
and later washed in graded alcohol and cleared in
xylene. A drop of DPX was poured over the tissue
and a coverslip was placed and later evaluated for
intensity of brown-dark bluish colour in the tissue
for positive cells.
Statistical analysis

The mean values were compared using
respective standard error mean (SEM) followed
by statistical comparison between control and
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Fig. 2. Level of GSH (A) and activity of GPx (B) were measured and compared against control (Group A) for
BPS induced variation in the activities of antioxidants. *p<0.05; **p<0.01
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test groups for evaluation of significant changes
in values by one-way analysis of variance
(ANOVA) test along with Tukey’s and Dunnett’s
multiple comparisons (MINITAB, Pennsylvania,
US). Significant variation were assessed based
on confidence intervals (CIs) of 95%, 99%, and
99.99%, regarded as significant, highly significant
and extremely significant, respectively.

RESULTS

Oxidative stress in testicular tissue
Lipid peroxidation of testicular tissue

Lipid peroxidation in testicular tissues of
BPS treated rats showed significant elevation when
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compared with Group A (control). Maximum level
of LPO was noted in Group D which was measured
as 135.38+4.08 nm/mg against 109.054+3.66 nM/
mg tissue of control. Although Group B showed
no statistically significant increase in LPO when
compared with control, nevertheless, at least 7-8%
increase was noted in the group. This indicates
a positive direct impact of BPS on the LPO of
testicular tissue (Figure 1). While administration
of Vit-E reflected slightly better toleration against
concurrent doses of BPS.
Glutathione and glutathione peroxidase
Glutathione (GSH) level in testicular
tissues indicated remarkable alterations in response
to BPS treatment. Although there was significant
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Fig. 3. Activities of SOD (A) and CAT (B) in testicular cells in response to various doses of BPS treatment. Level
of significance was compared against control (Group A). **p<0.01; ***p<0.001
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Fig. 4. Logarithmic linear regression analysis between lipid peroxidation and performances of antioxidants in
response to BPS

decline in groups C-D, the depreciation however,
was not dose dependent. Group B showed slightly
higher GSH level (14.93+1.99 uM/g) than control
(14.52+0.99 uM/g) with abnormally high SEM
(Figure 2A). This reflects attempts of involuntary
homeostasis against insistent generation of
oxidative radicals. Highly unlikely, Group C
indicated higher loss of GSH in testicular tissues
comparing to both maximum dose Group D and
Group A (control). Similar, results were also
observed for Group E which indicted lower GSH
level but slightly better than Group C (~10%)
(Figure 2A).

Glutathione peroxidase (GPx) which is the
main actor in reducing harmful hydrogen peroxides
is assisted by GSH (hydrogen donor). Therefore,
level of GSH in testicular tissues determined
activity of GPx. Results showed minimum activity
of GPx in Group D (3.16+0.13 nmol/min/mg
protein) comparing to control (4.03+0.13 nmol/
min/mg protein) and other test groups (Figure
2B). Whereas, groups C and E indicated slightly
higher (13-14%) activity comparing to Group
D but still remained significantly lower than the
control. Interestingly, activity of GPx in Group
B was found unaltered and SEM remained low,
indicating minimum variation in activities of GPx
within group.

Response of superoxide dismutase and catalase

Harmful oxygen molecules get neutralized
by balanced activities of SOD. The currents study
noted significant decline in activities of SOD
in all test groups. Most importantly, the decline
was dose dependent, where, high dose induced
greater decline. More accurately, Group B showed
18% decline, Group C showed 24%, and Group
D revealed 37% decline comparing to control
(Figure 3A). Administration of Vit-E in Group
E (5.32+0.37 U/mg protein) indicated better
toleration in activities of SOD despite high dose
of BPS but remined significantly low comparing
to control (6.78+0.12 U/mg protein). The level of
activities in Group E was in parallel with Group B.

Activity of catalase which is an important
antioxidant in neutralizing hydrogen peroxide at
high turnover rate, reduced significantly in groups
C and D, when compared with control (Figure
3B). Interestingly, Group B showed no alteration
in activity regardless of daily doses of 100 pg/kg
body weight. While groups C and D noted with
>40% decline in activity of catalase. Where Group
D noted with maximum decline in activity which
was measured as 2.56+0.35 U/mg protein against
control’s 5.72+0.16 U/mg protein catalase activity
(Figure 3B). However, catalase activity in Group
E showed better toleration when compared with
Group D (>30%).
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Linear regression analysis of antioxidants
against lipid peroxidation in testis

Interesting result was observed when
linear and logarithmic regression were analyzed
between variables of antioxidants and LPO
in response to BPS. Result showed a positive
relatedness between both variable (R2=0.618)
which indicate cumulative exertions of investigated
antioxidants in reducing BPS induced oxidative
insults. However, logarithmic regression showed
slowing pace of effectiveness of antioxidants,
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indicating higher lipid peroxidation in testicular
tissues if the daily doses were to exceed from the
45 days experimental period (Figure 4).
Alterations in apoptotic markers
P53 expression

Group A in the present study revealed
few positive p53 cells near the basal lamina.
These cells were identified as spermatogonial
cells and were limited in numbers, remaining
germ cells were found mostly negative (Figure
5A). In contrast, Group B showed spermatogonial

Fig. 5. Expression of p53 in testicular tissues of rats treated with varying doses of BPS. Group A (A) which
is a control group showed limited number of p53 expressed germ cells for optimal spermatogenic efficiency.
Group B did represent higher p53 positive spermatogonial cells comparing to control (Group A). Due to low
cellular integrity among Group C (C) and D (D) p53 positive cells were limited but significant. Interstitial cells
also indicated positive expression for p53 in groups C and D. Though cellular integrity remained challenge
for expressional analysis interstitial cells appeared to have lower positive cells in Group E (E). Nevertheless,
spermatogonial cells with often spermatocytes indicated positive expression for p53.
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cells, Leydig cells and other interstitial cells
positive for p53 expression (Figure 5B). Group
C indicated persistence of positive interstitial
cells, along with the spermatogonial cells.
This group was exclusively spotted with p53
positive spermatids (Figure 5C). Group D showed
relatively lower positive spermatogonial cells,
due to loss of spermatogenic cells and disruption
of spermatogenesis. Leydig cell was invariably
low, thus, similar results were also observed for
interstitial cells as for the germ cells (Figure 5D).
Presence of Leydig cells in Group E indicated
better toleration against BPS induced effects
recorded in Group D. However, Leydig cells
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showed positive expression for p53 along with
precursor spermatogonial cells (Figure 5E).
BCL-2 expression

Expression of BCL-2 in normal
spermatogenesis is common to avoid excessive
elimination of germ cells. The results showed
number of spermatogonial cells and spermatocytes
positive for BCL-2 in Group A (Figure 6A).
While in Group B number of BCL-2 positive cells
increased substantially. It also indicated positive
expression among spermatids indicating demand
of suppression of pro-apoptotic protein (Figure
6B). The same were relatively low in Group C and
Group D1 due excessive loss of germ cells (Figures

Fig. 6. BCL-2 expression in spermatogonial stem cells were observed in Group A (A). Group B (B) indicated
sharp increase in number of BCL-2 positive cells. It was almost negligible in Group D (D), but present in
limited number in Group C (C). Expression of BCL-2 in Group E (E) was extensive and localized among both
spermatogonial cells and spermatocytes.
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6C-D). Interestingly, Group E showed substantial
retention of expression of BCL-2 despite daily
exposure of 1000 pg/kg b.w. of BPS, showing
better toleration against induced damages when
compared with Group D (Figure 6E).
Caspase 3 expression

Results of the present study showed a
constant present of caspase 3 positive spermatogonia
in Group A, nonetheless, its presence in Group B
increased substantially (Figure 7A-B). It was
remarkable to note that caspase-3 expression
was mostly localized among spermatogonial
cells and rarely positive in successor germ cells.
Interestingly, number of caspase-3 positive
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spermatogonial cells almost disappeared from
seminiferous tubules among groups C and D
(Figure 7C-D). This could be due to loss of germ
cells and spermatogenesis. Group E, showed high
number of caspase-3 positive germ cells with clear
distinction of spermatogonial localization and
limited expression among spermatocytes (Figure
7E)

DISCUSSION
Decades long global use of BPA worried

scientific communities of potential repercussions
on human health. Its adversities have already

Fig. 7. Expression and localization of caspase-3 in testicular tissues of control (A) and test groups (B-E). Group
B (B) showed slightly higher number of caspase-3 positive germ cells comparing to control. Low or extremely
limited number of caspase-3 positive cells were evident in Group C (C) and Group D1 (D) due excessive loss of
germ cells. The Vit E Supplemented Group E (E) showed higher number of caspase-3 positive spermatogonial
cells comparing to Group D.
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started making headlines and begun to create
anxiety in general population. Industries and
manufacturers are in desperate need to find a
suitable alternative of BPA with minimum or no
health and safety concerns. Emergence of BPS
is one of those attempts to dispose of immediate
human BPA exposures. In this attempt BPS has
seen remarkable market growth in last one decade.
According to Chem Analyst BPS current market
(2023 evaluation) is about 185000 tonnes and
expected to grow at the rate of 4.2% in next 10
years.”® BPS in now common in baby milk-bottles,
water bottles, lunch boxes, food containers, food
packaging materials, thermal papers, medical
devices, etc. where BPA was traditionally used.
Condition suddenly changed when reports begin to
surface that BPS causes hormonal and obesogenic
effects on human and potentially these effects were
worse than BPA.!

To this day, there are almost 2200 papers
published on BPS (NLM database) among which
1427 papers are associating it with some health
issue. Strikingly, NLM database also reveals that
among 1427 papers where BPS is associated with
diseases, almost 900 papers found strong evidence
of'its role in disrupting reproductive system. These
data indicate that BPS does not only have similar
impact to that of the BPA but also prone to cause
unknown damages in future if persisted in the
environment for as long as BPA. Previous study
claimed that BPS works via different pathways
than BPA,' thus expected to causes various health
related issues not conventional to BPA. In the
present study, attempt was made to evaluate
specifics of damages BPS causes to testicular
tissues in a doses-dependent manner. Since BPA
is also strongly associated with testicular damages
and fertility limiting effect, evaluation of oxidative
stress caused by BPS and its consequential
impact apoptotic markers would be of extreme
significance.

The BPS induced oxidative stress at
the investigated doses showed considerable
increase in lipid peroxidation in testicular tissues
specifically at doses 500 ng/kg b.w./day and
above. It showed that free radicals generated by
BPS exposure caused excessive lipid oxidation
and formation of hydrogen peroxide. The result
was in accordance to previous studies, indicating
disruption of lipid metabolism,”” and increase in
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lipid peroxidation,® by BPS at various doses in
several species. Interestingly, lipid peroxidation
in group of animals administered with Vit-E
concurrently with 1000 pg/kg b.w./day of BPS
showed limited toleration. Generation of excessive
hydrogen peroxide by BPS exposure was also
evident in activities of GPx in the testicular tissues.
As results from current study suggested that dose
over 500 pg/kg b.w./day could significantly reduce
activity of GPx and level of GSH in testis. GSH is
required by GPx as a cofactor to reduce hydrogen
peroxide, thus, decline in activity of GPx is well
predicted looking at the highly significant decline
in levels of GSH in testis. There are many studies
that indicated BPS induced oxidative stress causes
damages in various organs.”*° Interestingly, there
are evidences that suggested decline of testicular
GSH upon BPA exposure,*'*> however, BPS’s role
in alteration of GSH level in testis is still opaque.
Based on the results, the current study assumes
that BPS affects testicular GSH homeostasis by
potentially high production of hydrogen peroxide
and subsequently equivalent utilization in GPx
activities. There was some toleration observed in
group of animals treated with simultaneous doses
of Vit-E, although, the activity of GPX or level of
testicular GSH was hardly within control range.
Two major antioxidants superoxide
dismutase and catalase also found to be extremely
affected by the daily doses of BPS, specifically
by doses 500 and 1000 ng/kg b.w./day. Both
antioxidants showed direct dose dependent effect
of BPS on their activities. Which confirmed their
protective role in the BPS induced oxidative
testicular damages. The present study confirmed
that generation of superoxide and hydrogen
peroxide is an affirmative phenomenon in response
to BPS exposure. However, use of supplementary
antioxidants may significantly play additive role
in enhancing rate of activity of both SOD and
CAT. The current study showed over 20-30%
improvement in activity of both antioxidants when
provided daily supplementation of Vit-E. A recent
study by Pu et al.,* reported that administration of
BPS (10 ng/l and 100 pg/l) in crayfish significantly
decline activities of CAT and SOD in intestinal
tissues. Now this is remarkable despite being
different species and tissue type, BPS retains its
ability to generate oxidative radicals and appeared
to be dynamic in targeting organs, unlike BPA.
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Which if proven true, may deteriorate overall
health further in long-term exposure. The present
study predicted further depreciation in activity of
antioxidants if the exposure periods were to exceed
from 45 days.

Excessive generation of hydrogen
peroxide induce apoptosis in affected cells
depending on the concentration. Where low
concentration led to caspase-dependent and
high concentration causes caspase independent
activation of apoptotic cells death.** The present
study showed higher expression of caspase 3 in
testicular tissues of group of animals exposed
to 100 pg/kg b.w./day of BPS. Surprisingly, the
expression drastically declined in animals exposed
to 500 and 1000 pg/kg b.w./day of BPS. It showed
that low dose of BPS activates caspase dependent
pathway of apoptosis and higher doses activates
independent pathway. It was also interesting to
witness re-emergence of caspase-3 expression
in group of animals supplemented with Vit-E.
Therefore, it appeared that relatively higher
activities of antioxidants in group of animals
treated with 100 pg/kg b.w./day of BPS and
supplementation of Vit-E concurrently with 1000
pg/kg b.w./day of BPS most likely avoided caspase
independent apoptotic cell deaths in seminiferous
tubules. However, this claim is arguable as number
of germ cells in high dose groups were limited,
therefore, number of positive cells were also
significantly low. It was remarkable to note that
spermatogonial cells were the prime location of
caspase-3 activity in both groups. Previous studies
have reported that caspase dependent apoptosis is a
well-orchestrated cellular destruction with specific
proteolytic cascades,* while, independent pathway
just evades the caspase signaling system, through
other pathways such as BCL-2.%

BCL-2 expression system is extremely
important in immunoregulation through T cell
differentiation. It is also considered as anti-
apoptotic,’” due to its ability to regulate cell
death by resisting stimuli that usually promote
apoptosis.*® Interestingly, high number of germ
cells were found positive for BCL-2 in testicular
tissues of animals administered with 100 pg/kg
b.w./day of BPS. This expression was also evident
in group of animals treated with 500 ug/kg b.w./day
of BPS. Localization of these positive cells were
wide which included spermatogonia, spermatocytes
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and spermatids. Similar results were also witnessed
in group supplemented with Vit-E. Although BPS
is likely to avoid caspase independent pathways,
it showed that simultaneous activation of both
caspase- 3 and BCL-2 may also be feasible if
cellular integrity is beyond repair. It is reported
that there is signaling cross talked between death
receptor induced apoptotic signal and intrinsic
apoptotic program.** In some cases, caspase is
responsible to cleave BCL-2 (BID-BCL-2 family
member) to truncated form causing amplification
of apoptotic program through intrinsic pathway.*
It is likely that BPS promotes range of apoptotic
pathways based on dose strength.

The present study observed large
number of germ cells undergone p53 mediated
apoptotic consequence regardless of doses of BPS.
Spermatogonial cells, spermatocytes and Leydig
cells were found positive of p53 expression in all
three test groups. Previous studies reported that
p53 activation is mediated by oxidative stress and
oxidative stress is regulated by p53 with the support
of GPx.*2 This supports earlier assumption in the
present study that BPS generate excessive hydrogen
peroxide, which affirmatively affects GPx and GSH
cycle leading to regulation of p53. Upregulation of
caspase- 3 and BCL-2 in response to BPS exposure
indicated a pro-apoptotic event in testicular cells.
With higher expression of p53, it was revealed
that BPS led to direct transcriptional activation of
pro-apoptotic factors, which usually expressed in
non-transforming cells.” This indicated a potential
cell cycle arrest during spermatogenesis. Although
there is evidence that BPS causes cell cycle arrest
(CCA), nonetheless, BPA has been reported to
cause CCA in various cells.*** A study by Yin et
al.,*® reported that BPA and its analogues cause
differential cell cycle arrest in testicular cells.

CONCLUSION

Conclusively, BPS affirmatively generates
high oxidative stress in testicular cells leading to
significant depreciation in activities of important
antioxidants. Low activity of GPx and CAT indicated
excessive generation of hydrogen peroxide in all
BPS treated groups. However, 500 and 1000 ug/kg
b.w./day doses of BPS caused immense damage to
germ cells through apoptotic elimination of germ
cells. It appeared that BPS was able to upregulate
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caspase-3, and BCL-2 simultaneously, specifically
in groups administered with 100 ug/kg b.w./day
doses of BPS and group of animals supplemented
with Vit-E while concurrently administered with
1000 pg/kg b.w./day doses of BPS. This showed
excessive resistance and concurrent removal of
damaged germ cells. Spermatogonial cells were
the prime target of BPS, however, spermatocytes
and spermatids were also found positive for pro-
apoptotic markers. Direct transcriptional activation
of apoptosis was also found active in BPS treated
groups, indicating germ cells undergone cell cycle
arrest.
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