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Pubertal development of testis requires stringent regulations and precise expansion
of germ cells. Reactive oxygen species (ROS) are involved in regulation and proliferation of
spermatogonia. Bisphenol A (BPA) is well known for the induction of oxidative stress in testicular
tissues leading to major adversities including reduced fertility in male. In the present study,
BPA led response of antioxidants was assessed during critical period of pubertal maturation
of testis. Four groups of Wistar albino rats were formed containing 15 animals each; Group
I-Control, Group II-administered with 5 mg/kg/d BPA, Group III- administered with 25 mg/kg/d
BPA and Group IV- administered with 50 mg/kg/d BPA. These groups were further bifurcated
into three distinct periods of exposure i.e. 42-63 PND, 42-91 PND and 42-105 PND, containing
5 animals each. Level of CAT, SOD, GSH, GPx, and LPO was analysed. Linear regression for
individual antioxidants and Pearson’s correlation between antioxidants were applied for age-
wise analysis of variance. Results showed that during first three weeks (i.e. 42-63 PND) of BPA
administration were better tolerated, irrespective of doses. Later intervals indicated significant
decline (p<0.05) in the activity and level of antioxidants. Relatedness between variables of
antioxidants following BPA exposure and control were extremely low (R2<0.1) indicating
differential activity. Nonetheless, between antioxidants strong strength of association (r>0.9)
was evident. Although initial toleration against BPA’s oxidative insult was evident, it could not
be sustained following 91 or 105 PND. Extremely lower activity of antioxidant at later stage
suggested potential delay in testicular maturity.
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A study by Taberner et al.! reported that
arrival of puberty in groups of equally monitored
minipigs differed significantly. Pubertal age varies
within population, in females, age of puberty lies
between 10-14 years, whereas, in male the range fall
between 12-16 years. Spermatogenic development
and availability of fully functional sperm in the
epididymis are regarded as arrival of sexual
maturity in male. This critical phenomenon differs
from individual to individual. Differentiation in

arrival of puberty depends on various factors,
such as; genetic, environment, diet, nutrition,
socioeconomic, chemical exposure, etc.>?.
Reactive oxygen species (ROS) were
initially regarded as toxic by-products of
metabolism as it causes lethal damages to protein,
DNA and lipids*S. However, the dynamic role of
oxidative radical or ROSs is way beyond causing
damage to the cellular functioning. Without doubt,
it causes sever damages to the cell and cellular
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function, nonetheless, it also plays important role
in anti-inflammatory responses, iron homeostasis,
cell proliferation, survival, differentiation and
metabolism®. ROSs act as primary and secondary
messengers to facilitate or impede cell growth’.
Normal continuous spermatogenesis is a highly
complex cellular growth and maturation process,
thus, stringent regulation of cellular growth in testis
is extremely important. Since gonadal tissues are
rich in unsaturated fatty acid and goes through
high number of cell divisions, overexpression
of ROSs can cause severe damage to germ cell
proliferation®. Thus, an advance antioxidant system
regulates the metabolism of ROS in the testicular
tissues. Standard growth of testis is dependent on
perfect homeostasis between generation of ROSs
and functioning of antioxidant system.

Cellular damages inflicted by oxidative
stress have been associated with age in multiple
tissues®!''. A study by Rey et al.'? reported
that volume of seminiferous tubules increases
significantly during puberty. Subsequently,
number of spermatogonia, spermatocytes, and
spermatids also increases dramatically. Likewise,
at the pre-pubertal age number of spermatogenic
degeneration is higher than pubertal and post-
pubertal age'?. Degenerative changes in testicular
tissues have been reported in pre-pubertal’?
and old age'. Since testicular cells go through
significant changes during pre-pubertal, pubertal
and post-pubertal age, ROSs may play important
role in regulation of germ cell development and
sperm maturation. Bisphenol A (BPA) is a known
reproductive toxicant, it has been associated with
dose dependent increase in oxidative stress in
testicular tissues'®. In the present study, differential
pattern of BPA induced oxidative stress during
pre-pubertal, pubertal, and post-pubertal age was
investigated.

MATERIALS AND METHODS

Test materials

Bisphenol A (CAS no. 80-05-7) of 99%
purity was purchased from Sigma Aldrich (MO,
USA). Double distilled water (ddH,0) was used
as both sham and vehicle. BPA solution made
for administration was kept in dark at room
temperature. Before administration and during
resting solution was stirred continuously.
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Experimental animals

Experiments carried out in this study
were strictly followed according to guidelines
of Committee for the Purpose of Control and
Supervision of Experiments on Animals'®. Rattus
norvegicus (commonly known as Wistar albino
rats) of age 42 postnatal days (PND) weighed in
range of 100-110 g were used in the present study.
Animals were maintained under equal day and
night schedule (12 h:12 h) at the departmental
facility. Polypropylene cages of size 43x27x15
cm were labelled appropriately and housed with
randomly selected animals. These animals were
provided with pellet diet, drinking water was made
available ad libitum.
Ethical approval

Animals were maintained in the
departmental facility under appropriated
supervision of veterinary expert. Experiments and
protocols were also approved by the Institutional
Animal Ethics Committee (IAEC).
Experiment design

Animals were divided in three groups
based on daily doses of BPA administration i.e. 5
mg, 25 mg, and 50 mg/kg body weight. According
to Long and Evans'’ rats reach puberty at around
50 PND, this is a significant event, during which
first wave of spermatogenesis in testis and first
functional sperm in the epididymis appear. These
groups were further divided in three sub-groups
based on age i.e. peri-adolescent (42-63 PND),
adolescent (42-91 PND), and adult (42-105 PND).
Therefore, BPA was administered daily from 42
PND to 63 PND, 91 PND, and 105 PND. Table 1
shows the doses of BPA and age-wise distribution
of animals in the groups and sub-groups. A parallel
sham control group was used, animals of these
groups were administered with vehicle only. At
termination of each schedule animals from each
group were sacrificed for further investigation.
Antioxidative enzyme assay

Individual antioxidant enzymes were
examined in testicular tissues for each group and
sub-groups to observe pattern of differentiation in
activity and levels. Observations were presented
according to age-wise period of exposure for each
group and simultaneously compared with the
respective sham control.
Catalase

Activity of catalase was determined
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according to Aebi'®. Briefly, rate of hydrogen
peroxide (H,0,) decomposition was enumerated to
estimate utilization of catalase. To measure H,0,
decomposition, a 475 ml of phosphate buffer (pH
7) was nicely mixed with 25 ml of H,O and 250
ml of H,O,. This mixture was allowed to settle
in as control. On the other side, equal amount
of phosphate buffer was mixed with 25 ml of
testicular tissue homogenate and equal amount of
H,O, was allowed to react. Measurement of rate
of decomposition from both experiments were
estimated spectrophotometrically at 240 nm.
Activity of enzyme was measured in U/mg protein,
where ‘U’ abbreviated for mmol H,O, decomposed
every minute.
Superoxide dismutase

Activity of Superoxide dismutase (SOD)
was estimated by Marklund and Marklund®
method. Based on the ability of the enzyme to
inhibit the autoxidation of pyrogallol SOD activity
was determined. A 2.85 g of Tris and 1.11 g of
EDTA-Na, were dissolved in 1 1 of distilled water.
A 0.252 g of pyrogallol was dissolved in a solution
of 0.6 ml of concentrated hydrochloric acid diluted
in 1 1 of distilled water. Spectrophotometer was
adjusted to read zero using Tris-EDTA buffer.
Control and sample test tubes were prepared then
pipetted into test tubes. Absorption was read at the
wavelength of 420 nm against Tris-EDTA buffer
at zero time and after 1 minute of the addition of
pyrogallol.
Glutathione

Glutathione (GSH) was estimated
according to the method explained by Hissin and
Hilf*. Briefly, a 250 mg testicular tissue pellet
was suspended in 25% metaphosphoric acid and
potassium phosphate buffer (pH 8). The above
solution was sonicated for 10 min. This solution
was further centrifuged at 30000 x g for 30 min,
later supernatant was stored at 0 °C until further
use. A 0.2 ml of supernatant was incubated with
1.7 ml phosphate-EDTA buffer (pH 8) and 0.1 ml
of fluorescence reagent 0-phthaldiaaldehyde (1
mg/ml) for 15 min. Following which GSH was
determined by fluorescence spectrophotometer at
420 nm excited at 350 nm.
Glutathione peroxidase

Glutathione peroxidase (GPx) was
measured in testicular tissues based on method
explained by Wood*'. Homogenate of testicular
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tissues were centrifuged at 14000 x g for 25
minutes, following which supernatant was
collected. A 700 ml of phosphate buffer (pH 7)
was poured into 1 ml cuvette, to this 25 ml of
glutathione reductase, 25 ml of sodium azide, 50
ml of NADPH and 50 ml of sample was added.
Mixture was allowed to settle at 25 C, once solution
is equilibrated H,O, was added to the solution and
absorbance was noted for 5 min at 1 min interval
for change of NADPH into NADP. The respective
absorbance was registered and estimated activity
was represented in NADPH oxidized/min/mg
protein.
Lipid peroxidation

Lipid peroxidation levels were measured
by the thiobarbituric acid (TBA) reaction by
the method of Ohkawa et al.?2. This method
was used to measure spectrophotometrically
the color produced by the reaction of TBA with
malondialdehyde (MDA) at 532 nm. Thiobarbituric
acid reactive substances (TBARS) levels were
measured using a commercial assay as the NWLSS
TM Malondialdehyde Assay according to the
manufacturer’s instructions. Tissue supernatant
(50 il) were added to test tubes containing 2 il
of butylated hydroxytoluene (BHT) in methanol.
Next, 50 il of acid reagent (1 M phosphoric acid)
was added and finally 50 il of TBA solution was
added. The tubes were mixed vigorously and
incubated for 60 min at 60°C. The mixture was
centrifuged at 10,000 x g for 3 min. The supernatant
was put into wells on a microplate in aliquots of
75 il, and its absorbance was measured with a BIO
RAD Benchmark Plus plate reader at 532 nm.
TBARS levels were expressed as n mol/mg protein
in testis.
Statistical Analysis

Numeric values of results were
represented in mean+standard error (SE). Values
were considered significant, highly significant,
extremely significant when p<0.05, p<0.01, and
p<0.001, respectively. Graph used in this study
were plotted with MS-EXCEL version 16.44
(Redmond, WA, US). Linear forecast for the
variation in activities and levels of antioxidants was
examined through regression plotting (R?). These
variations were further analysed by observing
spread of values in quadrants. Pearson’s correlation
test was applied to observe strength of association
between antioxidants.
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RESULTS

Activity of catalase

When compared with sham control there
was no alteration in the activity of CAT in BPA
administered animals, exposed between 42-63
PND. However, significant reduction in the activity
was observed in Group III (p=0.015) and Group
IV (p=0.003) following BPA exposure between
42-91 PND. Similarly, significant decline in the
activity of CAT was observed in all groups (Group
[I-p=0.010; Group II-p=0.011; Group III-p=0.009)
treated with BPA between 42-105 PND when
compared with sham control. Maximum decline in
activity was recorded in Group I'V which was close
to 40% compared to sham control. Regardless of
doses of BPA, results of CAT activity showed no
change following 3 weeks of administration (42-63
PND). While, doses of BPA played direct role in
declination of activity of CAT in animals exposed
between 42-91 and 42-105 PND. Response of
CAT against BPA in testicular tissues indicated age
related differentiation (Figure 1).
Activity of superoxide dismutase

Activity of SOD in testicular tissues
indicated that exposure of BPA causes immense
stress on testis. Although unobservable alteration
was noted in Group II and III following 3 weeks
exposure between 42-63 PND, all remaining
groups at investigated age-wise duration of
exposure indicated significant decline in the
activity. Maximum decline in activity was observed
in those animals exposed for longer duration i.e. 42-
105 PND. Regardless of strength of doses decline
in activity of SOD was within range of 50-60%
comparing to observed activity during 42-63 PND.
It was also noted that BPA had a dose dependent
impact on activity of SOD, as decline in activity of
test groups was highly related to respective doses
(Figure 2).
Level of reduced glutathione

Exposure of BPA between 42-63, 42-
91, and 42-105 PND indicated differential levels
of GSH in testicular tissue. Results showed
significant decline in level of GSH in all groups
at all investigated period of exposure, except for
groups II and III administered between 42-63 PND,
when compared against sham control. Following
3,7 and 9 weeks of BPA exposure between 42-63,
42-91, and 42-105 PND, maximum decline in level
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of GSH was noted in Group IV. There was clear
indication of bi-directional influence of both age-
wise and dose-wise BPA exposure. Level of GSH
observed in Group II following 42-105 PND of
exposure was equivalent to 42-91 PND of exposure
in Group III. Likewise, level of GSH noted in
Group III following 42-105 PND of exposure was
comparable to Group IV following 42-63 PND of
exposure (Figure 3).
Activity of glutathione peroxidase

Groups administered with BPA for longer
duration i.e. 42-91 and 42-105 PND indicated
extremely lower activity of GPx when compared
with sham control. For instance, activity of GPx
in Group III animals those were exposed between
42-91 PND and Group IV animals exposed
between 42-91 and 42-105 PND were measured
as 1.87+0.23, 1.68+0.38, 1.32+0.19 nmol/min/
mg protein, respectively. Whereas, activity of
GPx in Group I was noted in range of 3-4 nmol/
min/mg protein (Figure 4). No alteration in the
activity of GPx was observed in Group II animals
administered with BPA between 42-63 PND.
Regardless of period of administration, groups
IIT and IV showed significant decline in testicular
activity of GPx.
Lipid peroxidation

Administration of BPA in test groups
showed extremely significant increase in the level
of lipid peroxidation. Group IV was highly affected
by the administration, which showed nearly 25-
40% increase in the level of LPO. Level of LPO in
Group IV was noted as 128.73+4.67, 139.86+2.79,
141.14+4.63 nM/mg tissue following 42-63,42-91,
and 42-105 PND, respectively. Whereas, the same
in Group [ was noted as 107.30+3.42, 104.13+4.13,
105.43+£2.37 nM/mg tissue, respectively. Level
of LPO in testicular tissues of Group III also
indicated 20% increase in animals administered
with BPA during 42-63 PND, likewise, 27% and
35% increase was observed in animals exposed
between 42-91 and 42-105 PND (Figure 5). Within
test groups (i.e. groups II-IV) also increase in
level of LPO was noted. Following 42-63 PND of
administration of BPA, at least 6% increase in LPO
was noticed in Group III comparing to Group II,
whereas, Group IV sowed 10% increase. Likewise,
nearly 8% increase in LPO was observed in Group
IIT animals following administration of BPA
between period of 42-91, which further increase to
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Fig. 1. Measured activity of catalase in testicular tissues of animals treated with various doses BPA compared
against sham administered control group. Level of significance was 95%(*), 99% (**), and 99.99 (***),

compared against final control
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Fig. 2. Activity of superoxide dismutase (SOD) in test groups treated with various doses of BPA following end of
multiple intervals of investigated post-natal days (PND). Level of significance was 95%(*), 99% (**), and 99.99
(***), compared against final control
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Fig. 3. Level of glutathione (GSH) in testicular tissues of BPA treated groups following end of three investigated
time intervals. Level of significance was 95%(*), 99% (**), and 99.99 (***), compared against final control
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Fig. 4. Activity of glutathione peroxidase (GPx) in testicular tissues of test groups administered with BPA along
with sham operated parallel control. Level of significance was 95%(*), 99% (**), and 99.99 (***), compared

against final control
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Fig. 5. Lipid peroxidation in testicular tissues of control and BPA treated groups at various post-natal days (PND)
of treatment. Level of significance was 95%(*), 99% (**), and 99.99 (***), compared against final control
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Table 1. Details of investigated groups with respective specifications

Groups Specifications
Group I a. Sham control - Vehicle treated for 3 weeks from 42-63 PND (n=5)
(n=15) b. Sham control - Vehicle treated for 7 weeks from 42-91 PND (n=5)
c. Sham control - Vehicle treated for 9 weeks from 42-105 PND (n=5)
Group II a. Oral administration of 5 mg BPA/kg/body weight/day for 3 weeks from 42-63 PND (n=5)
(n=15) b. Oral administration of 5 mg BPA/kg/body weight/day for 7 weeks from 42-91 PND (n=5)
c. Oral administration of 5 mg BPA/kg/body weight/day for 9 weeks 42-105 PND (n=5)
Group III a. Oral administration of 25 mg BPA/kg/body weight/day for 3 weeks from 42-63 PND (n=5)
(n=15) b. Oral administration of 25 mg BPA/kg/body weight/day for 7 weeks from 42-91 PND (n=5)
c. Oral administration of 25 mg BPA/kg/body weight/day for 9 weeks 42-105 PND (n=5)
Group IV a. Oral administration of 50 mg BPA/kg/body weight/day for 3 weeks from 42-63 PND (n=5)
(n=15) b. Oral administration of 50 mg BPA/kg/body weight/day for 7 weeks from 42-91 PND (n=5)

c. Oral administration of 50 mg BPA/kg/body weight/day for 9 weeks 42-105 PND (n=5)

Table 2. Pearson’s correlation (r) examined between
activities and level of antioxidants under influence
of BPA exposure and age specific duration of

exposure
CAT SOD GPx GSH
SOD 0.951 - - -
GPx 0.892 0.917 - -
GSH 0.910 0.945 0.963 -
LPO -0.912 -0.929 -0.982 -0.980

15% in Group IV comparing to Group II (Figure
5). Interestingly, following administration of BPA
during 42-105 PND showed 11% increase in Group
III and 15% in Group IV, when compared with
respective Group II.
Linear regression forecast of variation in
activity/level of antioxidant

Linear forecast for activity of catalase
in testicular tissues based on variations posed
by BPA administration indicated three distinct
behaviours. Regression plot indicated convergence
of variations of test groups (II-IV) at mid-lower
range of activity of sham control. However, at
higher range the variation appeared to distinctly
diverge from each other, where Group II showed
weak positive relatedness (R?=0.084), Group I1I
indicated least relatedness (R*=0.0088), and Group
IV showed weak but slightly stronger positive
relatedness (R?=0.122) than Group II. Group IV
and Il reflected opposite relation to each other when
compared against sham control (Group I). When
values of catalase activity were segregated based

on the maximum values of axis, it appeared that
most values measured in test groups (II-IV) fell
into lower (Q3) and higher (Q2) range of activity
whereas, minimum number of values appeared in
QI and Q4 of control (Figure 6).

Most values of SOD activities were found
in Q2 and Q4, indicating BPA’s strong influence
on the activity. However, values were still related
to a greater extent with control (Group I), as more
than 50% values fall into Q3 and Q2. Extremely
weak relatedness between Group II and Group I
was apparent (R?=0.029 x 107), likewise, weak
relatedness (R>=0.005) was also apparent between
Group IV and Group I. This indicated significant
change in trend of variation in activity of SOD,
particularly in groups II and IV. On the other
hand, Group III although indicated weak similarity
(R?=0.041) in variation but followed negative trend
to that of the control group (Figure 6).

Relatedness between variations in
activity of GSH in animals administered with
BPA revealed similar trend to that of the SOD
(Figure 6). Trendline for activity of SOD in Group
I indicated nearly horizontal line comparable to
the axis, indicating weak relationship (R*=0.072 x
10%) between variables of Group II and Group 1.
Similar relationship was apparent with Group IV
(R*=0.002 x 10"'), indicating an almost parallel
trendline to that of the Group II. Alike variation
recorded for SOD activity in testis, level of GSH
also responded similarly. Weak but slightly sturdier
relatedness (R?>=0.164) was observed for Group
111, however, the trend was negatively related to
the control. Most values fell into upper quadrants
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(QI and Q2) indicating non-oriented relationship
between variables of control and BPA exposed.
Linearity forecast of variations observed for GPx
activity indicated weak association of Group II
(R>=0.002) and 111 (R>=0.024) (Figure 6). However,
slightly better association was observed for activity
in Group IV, nonetheless, it was still weak. Unlike
GSH, most values under this category fell into
lower quadrants.
Pearson’s correlation between variation in the
activity of antioxidants

Activity of antioxidants were investigated
for its association with each other. Cause and effect
analysis indicated strong positive associations
between all investigated antioxidants. Remarkably
strongest positive strength of association was
observed between GSH and GPx (r=0.963)
followed by SOD and CAT (r=0.951) (Table 2).
Nonetheless, lipid peroxidation showed strong but
negative correlation with rest of the antioxidants.
Highest association for LPO was observed with
GPx (r=-0.982) and GSH (r=-0.980).

DISCUSSION

Reactive oxygen species (ROS) has
attracted researchers as novel signal mediators.
Previous studies have agreed that ROSs play
important role in cellular growth, differentiation,
progression, and death?*-*. Self-renewal and
differentiation of spermatogonial cells goes through
multiple cyclic waves of spermatogenesis, leading
to high rate of oxygen consumption and generation
of ROSs*. Previous study reported that ROSs may
have beneficial role in germ cell development
through meiosis to mature sperms*. BPA has been
associated with multiple disorders and diseases and
debated for the underlying mechanism to explain
its dynamic adversities?’. In last one decade much
of the focus given to understand principal behind
BPA’s action. It was revealed that ROSs generated
by BPA exposure have significant role in associated
adversities?-°.

Since ROS’s have significant role in
proliferation and differentiation of spermatogonial
stem cells, BPA’s underlying mechanism of action
can interfere substantially when the testis is most
vulnerable. Pubertal age requires stringent control
over spermatogenesis to achieve sexual maturity
at appropriate timing. Many studies have noted
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BPA’s role in dysfunctional and low count of
sperms, testicular atrophy, disorientation of germ
cells and infertility in men*'. In the present study
differential pattern in the activity of antioxidants
was analysed in testicular tissues particularly
during critical period of pre-pubertal, pubertal, and
post-pubertal age, to establish its potential role in
male reproduction.

Catalase breaks down hydrogen peroxide
in to water and oxygen. Increase in activity
of CAT also indicate increase in the level of
hydrogen peroxide in target tissues. Significant
reduction in the activity of CAT was observed in
testicular tissues following 7 weeks and 9 weeks
of BPA administration. This observation was in
accordance with earlier studies®?*’. However,
this study also noted no significant alteration in
the activity of CAT following first three weeks
of administration of BPA, irrespective of doses.
This period of administration also happens to be
the most critical period of pubertal age in rats,
also regarded as peri-adolescence®. In general,
3-week administration of BPA in adult rats causes
significant reduction in activity of CAT in multiple
tissues®-*7. Unaltered activity of testicular CAT to
the BPA induced oxidative insult is remarkable.
A study by Siervo et al.*® reported that sleep
restriction in rats during critical period of sexual
maturation led to increase in lipid peroxidation
causing negative effect on testicular tissues. This
study also portrays that common stress such as
sleep deprivation can affect level of oxidative
stress in the testis during peripuberty. No significant
change in activity of CAT despite administration
of 5, 10, 50 mg/kg BPA for 3-weeks indicate either
sufficient availability of CAT in the testicular cells
or irresponsive to peroxidation. Previous study
has reported improvement in antioxidation during
pubertal age®. Selective modification of amino
acid side-chain affects the state of enzyme from
being chemical or catalytic in nature*. Catalase
is a metalloenzyme, in absence of metal cation
its activity is broadly affected*'. Sertoli cells are
responsible for bioavailability of metal ions in the
testicular microenvironment*. Previous studies
reported that during puberty Sertoli cells get
elongated and tight junctions are complete between
two cells, leading to secretion of seminiferous fluid
containing metal ions®. It is possible that BPA
exposure may have delayed maturation of Sertoli
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cells causing lower availability of metal cation
and thus making CAT activity immune from BPA
induced oxidative insult.

SOD catalyse dismutation of superoxide
radicals into oxygen and hydrogen peroxide, thus,
an extremely important antioxidant against BPA
induced ROSs. Unlike CAT, activity of SOD
declined significantly following administration
of 50 mg/kg BPA (Group IV) for three weeks
between 42-63 PND. However, during the same
period decline in activity of groups II and III
was not significant comparing to control. A study
by Sahoo and Roy*, reported that alteration in
antioxidant system before pubertal maturation
affects spermatogenesis and steroidogenesis,
marked by reduced germ cell count, decrease
testosterone, and reduced diameter of seminiferous
tubules. BPA administration between 42-91 PND
and 42-105 PND showed significant decline in all
three test groups (5, 10, and 50 mg/kg BPA). These
observations were typical, as many previous studies
have noted similar results***. Lower decline in
activity of testicular SOD in animals exposed with
5 and 10 mg/kg BPA for 42-63 PND comparing to
42-91 and 42-105 PND could be due to sufficient
availability of SOD in the testis.

GSH and GPx are participants of the
glutathione cycle, where GSH reversibly convert
into oxidized glutathione (GSSG) by degrading
hydrogen peroxide into water. This reaction is
catalysed by GPx, therefore, level of GPx decides
activity of GSH in case of an oxidative insult. In
the present study level of GSH and activity of
GPx declined invariably in BPA exposed animals,
irrespective of doses or period of exposure.
Decline in level of GSH was expected as available
GSH could have been utilized during earlier
exposure, specifically, before exhaustion of GPx
and presumably no recycling of GSSG. Though,
Group IV showed significant decline in level of
GSH in testicular tissue following 42-63 PND
BPA exposure, level of GSH in groups II and IIT
was not statistically significant. Similarly, groups
IIT and IV showed significant decline in activity
of GPx but Group II was found within control
range. It indicated that lower dose of BPA exposure
during pre-pubertal age has better toleration
against induced oxidative stress. Under influence
of BPA, decrease in testicular GSH level and GPx
activity is not infrequent, previous studies have
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noted similar results*’**°. Nonetheless, differential
activity during early pubertal age is unique. Similar
results for SOD and CAT reflected that there could
be an underlying mechanism that either provides
additional support to antioxidant defence system
or modulate BPA’s action on testicular tissues in
such a way that differed before and after puberty.

Results of lipid peroxidation in this study
corroborated with results for activity of other
antioxidants. Since effect of BPA exposure between
42-91 PND and 42-105 PND on investigated
antioxidants were typical, exposure between 42-
63 PND is of specific importance. Level of LPO
in groups III and IV following 3 weeks of BPA
administration was similar to that of the 7 weeks. It
implicates that level of oxidative insult in response
to BPA administration during pre-pubertal age was
similar to that of the pubertal age. It also involves
differential response of antioxidant defence system
against BPA exposure specifically during testicular
maturation.

Trend and linear forecast of antioxidants
under influence of BPA administration during
period of investigation was assessed to explore
deviation against sham control. Unique trends
were observed for variables in activity of CAT
and GPx. Activity of CAT in Group II indicated
weak but positive relationship with Group I
whereas, negative relationship with Group IV. It
indicated dose related dependency in activity of
catalase, however, lack of relatedness in Group
IIT ensured no direct impact of BPA. Previous
studies have noted direct impact of BPA exposure
on antioxidants enzymes®*>', however, activity
of antioxidants during pubertal age seem to
deflect from conventional response. Where most
observed values for CAT activity were found
in low range with respect to control, activity of
SOD was found at high range. Activity of SOD in
all three test groups during investigated periods
reflected low relatedness with control. Despite
significant reduction in activity of both SOD and
CAT, specifically following 42-91 PND and 42-105
PND, the relationship between variables were too
weak to relate with Group I. Similar trend was
observed in level of GSH and activity of GPx.
Extremely weak relatedness in variables of both
enzymes revealed independent behaviour during
pre-pubertal, pubertal and post-pubertal age. It also
reflected differential activity for equal doses of BPA
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following each investigated interval. Generation
of ROSs during initial spermatogenesis varies
substantially based on regulation of spermatogenic
germ cells®. During spermatogenesis, role of
ROSs is indispensable, as it plays important role
in regulation of proliferation and maturation of
spermatogonia®®. Based on results of this study, it
appears that though BPA induces oxidative stress
of various degree in the testis, there are possibly
multiple other interlinking factors at play. These
factors may be associated with initial pre-pubertal
and pubertal changes in testis.

During an oxidative insult, antioxidants
perform in a highly organised coordination. For
instance, SOD dismutate superoxide into hydrogen
peroxide, which further degraded by CAT and/
or GPx. The actuality of this coordination can
be established by relating level of variations
in the activity or levels of antioxidant against
common oxidative stress. The coordination
and synchronization of antioxidant enzyme
prevents cellular damages and vasoactive agents®.
Interestingly, results of this study showed strong
strength of associations between performances
of antioxidants. Despite independent variables
for activities of antioxidants in response to BPA
administration, the variations in activity of
individual antioxidant enzyme were still strongly
related. It conveys that despite indulgence of two
independent factors (pubertal changes and BPA
induced oxidative stress) the coordination between
individual antioxidant enzymes were intact. Which
implicates that decline in activity of antioxidants
were due to excessive generation of ROSs and
not due collapse of antioxidant defence system.
Testicular maturation is a complex process that
requires precise expansion of germ cells, triggering
of androgens, regulation of hypothalamic-pituitary-
testicular axis, and development of seminiferous
tubules. BPA exposed rats have been noted
with testicular atrophy’* and reduced size®, its
administration at critical period of development
may delay maturation by many weeks. Initial
toleration against BPA (i.e. following 42-63
PND) could be due to advance preparation for
major spermatogenic event. Later responses of
antioxidants (i.e. following 42-91 PND and 42-
105 PND) suggested that pubertal exposure may
deteriorate testicular functions beyond typical
adversities caused following adult exposure.

SRIVASTAVA et al., Biomed. & Pharmacol. J, Vol. 15(4), 2343-2356 (2022)

CONCLUSION

In conclusion, this study revealed
differential activity of antioxidant enzymes in
response to BPA at critical age of puberty in rats.
Study noted better toleration against variable doses
BPA during peri-adolescence, while significant
reduction in activity was observed at later stage.
Response of antioxidants to BPA induced oxidative
insult during initial 3 weeks was not conventional.
Despite major pubertal histological alterations in
testis and BPA induced oxidative stress, activity
of antioxidants was largely coordinated. Based on
results of this study, it was presumed that pubertal
testis by default requires a distinctive rigorous
balance of ROSs and antioxidants in preparation
of initial spermatogenic wave, thus, exposure of
BPA at this stage can delay testicular maturation.
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