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ABSTRACT

Background: Bisphenol A (BPA), an estrogenic compound, is one of the world’s highest production volume chemicals
used in polycarbonate plastics in many consumer products and epoxy resins lining food containers. The BPA is known to
have toxic effects on various systems in man and animals.

Objective: To evaluate the cytogenetic and biochemical changes induced by BPA on testis of albino rats and the possible
protective effect of black seed oil.

Materials and Methods: This study was carried out on 80 rats, divided into four equal groups (20 rats each). Group I:
negative control. Group II: received black seed oil (2ml/ kg BW), Group III: administered BPA (25mg/ kg BW), Group
IV: administered BPA + black seed oil of same doses. Blood, testis and epididymis were collected for biochemical and
cytogenetic evaluation.

Results: BPA caused a significant decrease in sperm count, total content of DNA, RNA and protein in the testis, with a
significant increase of DNA damage of spermatocyte, head and tail abnormalities compared to controls. Co-administration
of BPA+ black seed oil resulted in a significant improvement of sperm count, total content of DNA, RNA and protein with
significant decrease in DNA damage of spermatocyte and head and tail abnormalities compared to BPA group. Also, BPA
group showed a significant decrease in serum testosterone and catalase levels, with a significant increase of super-oxide
dismutase (SOD) compared to controls. However, BPA + black seed oil group showed significant improvement of serum
testosterone, catalase and SOD levels compared to BPA group.

Conclusion: Exposure of rats to BPA resulted in reproductive toxicity through inducing significant DNA damage and
impaired synthesis of DNA, RNA and protein in testicular tissue. Black seed oil attenuate oxidative damage in rat testis
via upregulating the activities of enzymatic antioxidants catalase and SOD.
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INTRODUCTION molecules in polycarbonate plastics and resins resulting

Bisphenol A (BPA) is one of the world's highest in an increase in the rate of leaching of BPA. BPA is
pro ducrt)ion volume chemicals used in polycarb(%nate absorbed from gastrointestinal tract into the blood and

. redistributed to other tissues™. The oxidative stress
plastics in many consumer products, baby bottles, and
e . . . was proposed as another adverse cellular effect of
epoxy resins lining drink and food containers, medical . . .
. 1] . . BPA. BPA increased the generation of reactive oxygen
devices and dental sealants!'). BPA is identified as a . . . .
. . . . . species (ROS) and induced cellular apoptosis. It is
potential endocrine disruptor based on its estrogenic .. .
. . . . known that several antioxidants can protect against
properties and toxic effects on germinal cells, which BPA-induced toxicitvts
lead to disturbance in hormone production?. The Y
possible genotoxicity of BPA has been tested in a
variety of in vitro and in vivo studies, but the results
are controversiall®l.

Nigella sativa (black seed) is a widely used
medicinal plant all over the world and has been used in
the treatment of different diseases. Acute and chronic

Heat, repeated washing of polycarbonate products toxicity studies have confirmed the safety of Nigella
and contact with either acidic or basic compounds sativa oil and its most abundant active component,
accelerate hydrolysis of the ester bond linking BPA thymoquinone, particularly when given orally®7..
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The aim of the present study was to evaluate the
cytogenetic and biochemical changes induced by
bisphenol A on the testis of adult male albino rats and
the possible protective effect of black seed oil.

MATERIALS AND METHODS

Materials
1. Animals

The present study was carried out on 80 adult male
albino rats, of three months age (180200- gram). The
animals were obtained from Helwan animal breeding
farm, Cairo, Egypt. The choice of the rats in this study
was due to many metabolic similarities between rat and
human!®. The animals were housed in clean stainless-
steel cages under the same environmental conditions.
They were kept for acclimatization two week prior to
the start of the experiment. The handling of animals
followed the rules for the experimental research ethics
approved by Research Ethics Committee at faculty of
Medicine for Girls Al-Azhar University according to
Kostomitsopoulos and Durasevicl®.

2. Chemicals

a. Bisphenol A (BPA) was supplied by Sigma
Company USA as 97% purity in the form of
white powder and suspended in distilled water,
2 ml of this suspension for each rat.

b. Black seed oil was purchased from El-captain
Company (CAPPHARMA), the 6 October

City, Egypt.

c. The reagents for the measurement of the
different parameters were obtained from Bio
diagnostic and Sigma Company.

Methods
Experimental Design

According to Bian et al. and AboulEzz et al.,l'*'!
the animals have been divided into 4 groups 20 rates
each. All groups have received the BPA by oral gavage
daily for six weeks, five times/week.

Group I: Rats served as negative controls and were
received distilled water.

Group II: Rats were received black seed oil
(2ml/kg bw).

Group III: Rats were administered BPA at dose of
25 mg/kg bw.

Group IV: Rats were administered BPA + black
seed oil (25mg /kg +2 ml /kg bw).

The animals were fasted overnight and lightly
anaesthetized with diethyl ether. Blood samples were
obtained from the retro orbital sinus puncture into
heparinized capillary tubes from each rat before killing.
Collected blood was left to clot at 37 © C incubator till

clot retraction had started and serum separated from the
clot. The clear supernatant serum was centrifuged at
4000 rpm for 15 minutes, then collected using a pastier
pipette and stored at -20°C for biochemical evaluation.
All groups have been sacrificed using diethyl ether.
Both testis and epididymis have been dissected and
prepared to be subjected to the cytogenetic study”.

The following parameters were done at Cell
Biology Department of National Research Center,
Dokki (Cairo).

Cytogenetic evaluation
a. Sperm count and their morphology

Evaluation of sperm count, and their morphology
was done according to the technique described
by Wyrobek et al!'s. For each animal about 1000
sperms were examined for presence of morphological
abnormalities (amorphous and banana heads) and
(coiled and divided tails).

b. Comet assay

Endogenous DNA damage measured as the mean
comet tail DNA of spermatocytes for the studied
groups (20 rats each). The number of cells scored for
each animal was 100 cells!®. The comet assay was
performed according to the procedure of Singh et al.l'¥
with modification of Klaude et al!"*! as described by
Blasiak et al.l'fl.

c. Total Content of DNA, RNA and Protein
Extraction of Nucleic Acid

The nucleic acids were extracted from testes for
determination of DNA and RNA concentration!!").

Determination of DNA Concentrations

Concentration of DNA was determined in the
nucleic acid extracted by diphenyl amine method
described by Dische and Schwartz!['®l. Result of tissue
DNA concentration (mg/gm tissue) was shown by
stander DNA.

Determination of RNA Concentrations

Concentration of RNA was determined in the
nucleic acid extracted by Orcinal procedure described
by Dischel™. Results of tissue RNA concentration
(mg/ gm tissue) was shown in stander RNA.

Determination of Protein Concentrations

Colorimetric method described by Gornall et al.*")
was used for quantitative estimation of protein.

Biochemical studies

Serum testosterone level was done according to
Rajkowski et al?'! and measured by Enzyme linked
immunosorbent assay.
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Quantitative estimation of serum superoxide
dismutase (SOD)

The method described by Nishikimi et al.*?'was
used for quantitative estimation of SOD (EC.1.15.1.1.).

Reagents

« Reagent (1): A bottle containing phosphate
buffer pH 8.5

e Reagent (2): A  Dbottle containing NBT
reconstituted in 10 ml distilled water.

¢ Reagent (3): A bottle containing NADH
reconstituted in 10 ml distilled water.

* Reagent(4): Abottle containing phenadinemetho
sulphate (PMS) reconstituted in 10 ml distilled
water.

Quantitative estimation of serum catalase (CAT)

The method described by™?! was used for
quantitative estimation of CAT (E C.1.11.16-.).

Reagents

* Reagent (1): Chromogenic buffer: A bottle
containing phosphate buffer (100mM /1,
Ph.7.0).

* Reagent (2): A bottle containing H,O,
(substrate and standard) (0.5mM/1).

e Reagent (3): A bottle containing CAT
inhibition.

* Reagent (4): A bottle containing peroxidase
enzyme (>2000U/ D, 4-AAP (2mM/L).

Statistical analysis

Data were analyzed using Statistical Program for
Social Science (SPSS) version 18.0. Quantitative
data were expressed as meant standard deviation
(SD). Qualitative data were expressed as comparative
statistical analysis (change of % between the studied
groups)?. The results of the present study were
represented in tables and photos. Independent-samples
t-test of significance was used when comparing
between two means, the level of significance at
p-value < 0.05.

RESULTS

Cytogenetic evaluation
a. Sperm count

Rats administered black seed oil alone showed
just significant increase in sperm count 4.48%. while,
rats administered BPA (25mg/kg) alone or BPA
+black seed oil caused a significant decrease P<0.001
in sperm count 22.36% and 12.96% respectively
compared to control. In addition, group III and group
IV demonstrated a significant decrease in the sperm
count 25.84% and 16.86% respectively as compared to
group II. Furthermore, group IV showed a significant
increase of sperm count 10.80% compared to group 111
as shown in (Table 1).

Table 1: Percentage of change between the studied groups of the effect of bisphenol A (BPA) on sperm count and serum testosterone level
(ng/ ul) of adult male albino rats and the possible protection by black seed oil

Sperm count

Serum Testosterone level (ng/ ul)

Groups

% change t-test P-value % change t-test P-value
Group (I) vs. Group (1) 4.48 2.828 0.047* 5.26 2.147 0.050%*
Group (I)vs. Group (III) 22.36 9.500 0.001* 58.87 20.390 <0.001*
Group (I) vs. Group (IV) 12.96 7.778 <0.001* 29.71 9.642 <0.001*
Group (IT) vs. Group (III) 25.84 11.500 <0.001* 61.04 25.127 <0.001*
Group (II) vs. Group (IV) 16.86 10.607 <0.001* 33.41 12.683 <0.001*
Group (III) vs. Group (IV) 10.80 4.000 0.025%* 41.49 9.535 <0.001*

*significant p-value

Sperm head and tail morphology

BPA group showed a significant increase in
abnormalities of sperm head morphology (amorphous
and banana heads) 82.19% vs 77.99 and sperm tail
morphology (coiled and divided tails) 80.00 vs 80.78

respectively compared to group I. While, group IV
showed a significant decrease in abnormalities of
(amorphous and banana heads) 67.30 vs 69.70%
and (coiled and divided tails) 60.69% vs 56.54%
respectively compared to BPA group as shown in
(Table 2,3) and (Figure 1a-f).
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Table 2: Percentage of change between the studied groups of the effect of bisphenol A (BPA) on sperm head morphology (amorphous &
banana heads) of adult male albino rats and the possible protection by black seed oil

Amorphous head Banana head
Groups

% change t-test P-value % change t-test P-value
Group (I) vs. Group (IT) 27.56 1.387 0.267 20.67 1.106 0.341
Group (T)vs. Group (IIT) 82.19 16.793 <0.001* 77.99 14.083 <0.001*
Group (I) vs. Group (IV) 45.52 3.467 0.002* 27.36 1.843 0.092
Group (1) vs. Group (IIT) 87.09 19.538 <0.001* 82.54 16.590 <0.001*
Group (II) vs. Group (IV) 60.53 19.538 <0.001* 42.37 16.590 0.011*
Group (IIT) vs. Group (IV) 67.30 13.336 <0.001* 69.70 13.259 <0.001*

*significant p-value

Table 3: Percentage of change between the studied groups of the effect of bisphenol A (BPA) on sperm tail morphology (divided& coiled
tails) of adult male albino rats and the possible protection by black seed oil

Divided tail Coiled tail
Groups

% change t-test P-value % change t-test P-value
Group (I) vs. Group (II) 31.51 1.797 0.249 32.00 1.991 0.119
Group (T)vs. Group (IIT) 80.78 12.516 <0.001* 80.00 18.520 <0.001*
Group (I) vs. Group (IV) 55.76 6.549 <0.001* 86.40 5.064 <0.001*
Group (II) vs. Group (II) 86.83 13.847 <0.001* 82.54 20.708 <0.001*
Group (II) vs. Group (IV) 69.70 13.847 <0.001* 65.41 20.708 <0.001*
Group (IIT) vs. Group (IV) 56.54 8.761 <0.001* 60.69 13.094 <0.001*

*significant p-value

Fig. 1 a: Shows the normal sperm morphology in the control rat Fig. 1 d: Shows Banana shape head abnormality in rat exposed to

(Eosin stain, x 400). bisphenol A (BPA) (Eosin stain, x 400).

Fig. 1 b: Shows the normal sperm morphology in the control rat Fig. 1 e: Shows Coiled tail abnormalities in rats exposed to bisphenol

(Eosin stain, x 400). A (BPA) (Eosin stain, x 400).

Fig. 1 ¢: Shows Amorphous head abnormality in rats exposed to Fig. 1.f: Shows Divided tail abnormalities in rats exposed to

bisphenol A (BPA) (Eosin stain, x 400). bisphenol A (BPA) (Eosin stain, x 400).
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b. Comet assay

The comet assay revealed that group I and group
II showed undamaged spermatocyte, most of DNA
located in comet head without tails are shown in
(Figure 1g, h) which means no DNA damage is observed.

Fig. 1 g: Shows Fluorescent microscope photomicrograph of
spermatocyte of group I show no migration out of the nucleus into
the tail of the comet.

Fig. 1 h: Shows Fluorescent microscope photomicrograph of
spermatocyte of group Il showing no migration out of the nucleus
into the tail of the comet as compared to group 1.

BPA caused an increase in DNA strand breaks
leading to greater DNA migration out of the nucleus
into the tail of the comet in the spermatocyte compared
to group I as shown in (Figure 1i). In group IV, there
were lesser DNA migration out of the nucleus into the
tail of comet as compared to group III as shown in
(Figure 1j).

Fig. 1 i:
spermatocyte of group III showing greater DNA migration out of

Shows Fluorescent microscope photomicrograph of

the nucleus into the tail of the comet as compared to group I.

Fig. 1 j: Shows Fluorescent microscope photomicrograph of
spermatocyte of group IV (BPA+ Black seed oil) showing lesser
DNA migration out of the nucleus into the tail of the comet as

compared to group III.
c. Total content of DNA, RNA and protein

Total content of DNA, RNA and total protein
exhibited a significant decrease 42.22%, 41.38%
and 37.10% respectively in BPA group. Whereas, no
significant difference was observed in total content of
DNA, RNA and total protein of group II and group
IV compared to control. Furthermore, there were a
significant decrease on total content of DNA, RNA
and total protein in group 111 49.51%, 37.04 and 41.23
and group IV 19.42%, 5.56% and 14.77% respectively
compared to group II. Group IV showed a significant
increase of total content of DNA, RNA and total
protein 37.35%, 33.33% and 31.05% respectively as
compared to the BPA group as shown in (Table 4).

Table 4: Percentage of change between the studied groups of the effect of bisphenol A (BPA) on total content of DNA, RNA (mg/ g tissue)
and Total protein (g/dl) in testis of adult male albino rats and the possible protection by black seed oil

Total DNA content (mg/

Total RNA content (mg/

Total protein content (mg/

Groups g tissue) in testis g tissue) in testis g tissue) in testis

% change t-test P-value % change t-test P-value % change t-test P-value
Group (1) vs. Group (II) 11.65 1.45 0.160 6.90 0.720 0.479 7.03 1.819 0.119
Group (I)vs. Group (III) 4222 4.95 0.001* 41.38 12.53 0.001* 37.10 10.78 0.001*
Group (I) vs. Group (IV) 7.78 0.93 0.362 12.07 3.736 0.004* 8.78 2.46 0.001*
Group (II) vs. Group (III) 49.51 16.4 0.001* 37.04 4.250 0.001* 41.23 15.82 0.001*
Group (II) vs. Group (IV) 19.42 5.23 0.001* 5.56 0.772 0.448 14.77 5.35 0.001*
Group (IIT) vs. Group (IV) 37.35 10.6 0.001* 33.33 10.01 0.001* 31.05 11.84 0.001*

*significant p-value
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Biochemical studies
Serum testosterone level

Group II showed just significant increase in
testosterone level (5.26%). While, rats administered
BPA alone or BPA +black seed oil caused a significant
decrease in testosterone level 58.87% and 29.71%
respectively compared to control. In addition, group
III and group IV demonstrated a significant decrease
in testosterone level 61.04% and 33.41% respectively
compared to group II. Furthermore, group IV
demonstrated a significant increase in testosterone level
41.49% compared to group III as shown in (Table 1).

Serum SOD and Catalase

Group IIT and group IV demonstrated a significant
increase in serum SOD level 69.25% and 41.60%
respectively compared with control. However, group
IV showed a significant decrease in SOD 47.34% as
compared to the BPA group. On the other hand, there
was a significant decrease of serum Catalase level in
group III & group IV 49.58% and 21.65% respectively
as compared to control. Group IV showed a significant
increase of Catalase 35.65% as compared to BPA
group as shown in (Table 5).

Table 5: Percentage of change between the studied groups of the effect of bisphenol A (BPA) on serum level of superoxide dismutase (SOD)
& Catalase (U/ml) of adult male albino rats and the possible protection by black seed oil

Groups Serum SOD (U/ml) Serum Catalase (U/ml)

% change t-test P-value % change t-test P-value
Group (I) vs. Group (II) 12.44 3.217 0.004* 4.50 1.872 0.075
Group (I)vs. Group (III) 69.25 29.066 <0.001* 49.58 25.371 <0.001*
Group (I) vs. Group (IV) 41.60 13.364 <0.001* 21.65 11.298 <0.001*
Group (IT) vs. Group (III) 73.07 30.996 <0.001* 51.85 23.223 <0.001*
Group (I) vs. Group (IV) 48.87 16.054 <0.001* 25.17 11.430 <0.001*
Group (III) vs. Group (IV) 47.34 18.109 <0.001* 35.65 16.676 <0.001*

*significant p-value

DISCUSSION

Bisphenol A is a common endocrine disruptor that
can alter the synthesis, metabolism, transport, and
elimination processes of endogenous hormones and,
thus, of mimicking/antagonizing hormonal activities
in the body™!. Nigella sativa (Black seeds) and its
derivatives have shown various pharmacological
activities including therapeutic efficacy against
different human diseases and antioxidant anti-
inflammatory effects against environmental toxins?®..

Concerning the Sperm count the results of
the present study indicated that black seed oil
administration caused just significant increase in sperm
count in compared to control. These could be explained
by?"! as they stated that administration of Nigella
sativa caused improvement in semen parameters in
albino rat and increased sperm count among infertile
men. The increased sperm concentration was due
in part to the increase in testosterone and follicular
stimulating hormone (FSH) levels in testicular tissue,
since these two hormones were responsible for
spermatocytogenesis.

In the current study, the oral administration of BPA
to rats displayed a significant decrease in sperm count
compared to control. This observation was generally
in agreement with Karnam et al.”! who revealed that
there was significant reduction in the epididymal
sperm count after administration of BPA as compared
to control.

The mechanism by which BPA could affect sperm
count was explained by Klaunig et a/*®'who concluded
that bisphenol A has been shown to accumulate in the
fatty tissues and is metabolized by Cytochrome P450.
Cytochrome P-450 has been shown to induce ROS that
permanently impairs sperm function thereby resulting
in decline of sperm counts in men and laboratory
animals.

Another  explanation  was  reported by
Kadry et al® who revealed that BPA-induced
impairment of Sertoli cells had been reported by
inhibiting endoplasmic reticulum Ca2+ homeostasis
and the ectoplasmic specialization between Sertoli
cells and spermatids. BPA may exert both anti-
androgenic and estrogenic effects to impair sperm
production?. Moreover, Thimmappal®!! stated that
a dramatic decrease in caudal epididymal sperm
numbers was previously considered to be the result
of a lower sperm output by the testis and to increase
sperm resorption (phagocytosis) in the rat testis and
epididymis as a result of increase the number of mal-
formed sperms.

This study revealed that administration of black
seed oil and BPA showed a significant increase
of sperm count in comparison to administration
of BPA alone. This result is in accordance with
Tawfeek et al.*?! as they showed a significant increase
in the percentage of live/dead sperm of male albino
rats in Nigella sativa oil joined to H,O, compared with
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H,O, group. They concluded that Nigella sativa oil
has radical scavenging properties, which may explain
the increase in the percentage of live/dead sperms.
The anti-oxidative action induced by oil is a result
of a direct action or indirect effects, e.g. including
antioxidative enzymes cascade.

Regarding the results of abnormalities in sperm
head and tail morphology in the present study, there
was a significant increase in abnormalities (amorphous
and banana heads) and (coiled and divided tails) in rats
administered BPA compared to control rats.

These results were in agreement with
Karnam et al.?! as they referred that head and tail
abnormality percentages were significantly increased
in rats of BPA group as compared to control. They
suggested that BPA might have potential mutagenic
effects on germ cells that led to abnormal sperm
production.

Combination of BPA + black seed oil in the current
study caused an improvement in the percentage
of abnormalities (amorphous and banana heads)
and (coiled and divided tail) as compared to rats
administered BPA alone.

These results were in accordance with
Tawfeek et al.*”) who demonstrated that the beneficial
effect of Nigella sativa oil decrease in the percentage
of morphologically abnormal sperms reflects its
antioxidants effect that counteracts the H,O, effect on
sperms.

Also, these results were coincided with
Hadi et al.™3! who reported that administration of the
plants extracts mixture (Trigonella faenum-graecum
seeds, Nigella sativa seeds, and Fraxinus ssp. seeds)
to diabetic rats at three periods of study 45, 60, 75
days, respectively decreased sperms abnormalities
compared with diabetic group.

Concerning DNA damage of spermatocyte
evaluated by comet assay, result of this work revealed
a significant decrease in DNA damage of spermatocyte
in (groupll) as compared to control rats.

This result was in contrast to Al-Shdefat et al.[3%
who demonstrated that thymoquinone (TQ) treatment,
(5.0, 10, or 20 p) increased DNA damage index in
a concentration dependent manner compared with
control. The geno- protective effect and genotoxic
effect of TQ may be related to TQ quinine structure.
TQ undergoes one or two electron reductions by
cellular reductases. One-electron reduction results in
the formation of semiquinones, which are converted
to ROS when they react with molecular oxygen.
Two-electron reductions produce the antioxidant
hydroquinone.

The present study revealed a significant increase
in DNA damage in BPA group compared to control.

Result indicated that BPA is a testicular toxic substance
and induced a significant DNA damage. This result
was coincided with Wu et al.®3] who stated that BPA
administration induced a significant increase in DNA
migration within male germ cells. Also, the result
of Ulutas et al.B®9 reported a significant increase in
tail length and tail moment of DNA in rat cells after
administration of BPA and concluded that BPA may
be genotoxic.

This result could be explained byP”*! as they
indicated that the mechanism of BPA genotoxicity
may work through the induction of oxidative stress
and the depletion of antioxidant enzymes. Scientific
evidence supports the hypothesis that natural
estrogens, synthetic estrogen diethylstilbestrol, as
well as BPA generate reactive oxygen species (ROS)
during biotransformation and that certain reactive
species, predominantly quinones, can react with DNA
and cause DNA damage. In addition, Sangai et al.l**
stated that BPA produces spermatotoxic effect through
induced alteration in testicular DNA and sperm
chromatin structure.

The present study revealed a significant decrease
in DNA damage of spermatocyte in rats administrated
BPA+ black seed oil compared to BPA group. These
results could be explained by Kamarzaman et al.*”
who concluded that thymoquinone had significant high
antioxidant activity in testicular tissue so protected
DNA damage.

The present results of the total content of DNA,
RNA and Protein in the spermatocyte of adult albino
rats, showed a significant decrease in total content of
DNA, RNA and Protein of rats administered (BPA) as
compared to control.

These results were coincided with those of
El-Beshbishy et al®® who reported that rats
administered BPA orally, resulted in decreasing total
testicular protein content. This might be due to the
testicular fluid which contains several stimulatory and
inhibitory factors that selectively altered the protein
secretion, thus the changes in testicular protein level
suggested that there was a reduction in the synthetic
activity of testes.

Abdel-Wahab? added that bisphenol A is
converted to bisphenol O-quinone that covalently
binds to deoxyguanosine to form DNA adducts. The
quinone intermediates of bisphenol A might be the
ultimate DNA binding metabolites. This binding might
prevent RNA polymerase from transcribing the DNA
and can inhibit the formation of mRNA. A failure in
mRNA formation can result in an inhibition of protein
synthesis.

In the present study there was a significant increase
of total content of DNA, RNA and Protein in the
spermatocyte of rats administrated black seed oil+
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BPA as compared to BPA group. This result could be
explained by Juma and Abdulrahman!*! who revealed
that Nigella sativa (Ns) increases thyroxin hormone
that in turn increases growth hormone secretion
affecting on total proteins synthesis in males, due to
increased testosterone as an anabolic agent toward
promoting the protein synthesis.

Regarding the serum testosterone level, the present
study showed significant increase in testosterone level
inrats administrated black seed oil compared to control.
This observed result might be found explanation by
Marbat et al.’"! as they found significant increase in
serum testosterone in infertile men after 3 months
administration of N. sativa. The increased testosterone
level after N. sativa may be attributed to enhancing
FSH and LH release, which leads to improvement in
all semen parameters.

Oral exposure of rats to BPA induced a significant
reduction in serum testosterone level as compared to
control. Cha et al.™ reported that the testosterone
level in the painters decreased significantly, as the
BPA exposure level increased. This result could be
explained by Nakamura et al.*"as they demonstrated
that BPA and 17B-estradiol (E2) dose dependently
decreased the expressions of steroidogenic acute
regulatory protein (StAR), and steroidogenic
enzymes such a P450 side-chain cleavage enzyme s
(P450scc) and 17B- hydroxysteroid dehydrogenase
(17B-HSD-mRNA).

An improvement of the serum testosterone
level was observed in the present study in group IV
compared to BPA rats. This result explained by Al-
Seeni et al.™*% who concluded that the protective effect
of nigella sativa oil on the testis might be due to its
direct cytoprotective effect and/ or indirect antioxidant
(potent superoxide anion scavenger) and androgen like
activities.

Concerning the results of serum antioxidant
enzyme SOD in the present study, BPA caused a
significant increase in mean value of SOD of group III
as compared to control. This result was in accordance
with Kourouma et al¥’ as they stated a significant
increase in SOD in BPA rats compared to control.
The increased activity of SOD may be due to higher
enzyme activity but doesn't mean better anti-oxidative
protection of spermatozoa. This increase may be due
to its induction by increased production of superoxide
(O- 2), which has been implicated in cell dysfunction.
In addition, increased superoxide activity has been
shown to play an important part in the pathogenesis of
different genetic and acquired forms of hypertension
in experimental animals.

A significant decreased serum level of SOD after
oral administration of BPA+black seed oil as compared
to BPA rats. Danladi et al.*® who revealed that N.
sativa treatment positively protects the alterations in

biochemical variables SOD in the Carbon tetrachloride
CCl4 + N. sativa-treated rats.

The present study demonstrated a significant
decrease in catalase enzyme of BPA group as compared
to control. Such results are matching with previous
data, reported by Aboul Ezz et al.l''l who concluded
that oral administration of BPA decreased catalase
activity.

In the present study there was a significant
improvement of serum level of catalase enzyme in
rats administered BPA + black seed oil as compared
to BPA rats. These data are in harmony with Al-
Malki and Sayed™ who stated that rats administered
Cisplatin (CP) markedly reduced the catalase activity
compared to the control while, administration
of Thymoquinone (TQ) increased the activities.
Mosbah et al.®% reported that black seed oil exhibits
cerebral, renal, liver and cardiac protective effect
against many xenobiotics through its antioxidant action
and ability to boost antioxidant enzymes activities in
animals.

CONCLUSION

It could be concluded that

¢ Oral administration of BPA to adult male rats
elicited reproductive toxicity and inducing a
significant decrease in sperm count, serum
testosterone level and antioxidant defense
system.

« BPA showed an increase in head and tail
abnormalities, impaired synthesis of DNA,
RNA and protein in testicular tissue and
significant DNA damage.

¢ The genetic DNA damage may be an initiation
to multistep carcinogenesis later in life.

e Black seed oil induces favorable effects on
reproductive system in BPA rats, and the
beneficial effects may be attributable to its
anti—oxidative and androgenic effects.

RECOMMENDATIONS

1. Using plastic products containing BPA should
be avoided.

2. It is favorable to use the natural antioxidants
(Black seed oil) to avoid the possible toxicity
induced by BPA chemical compounds.

3. Further investigations are required to determine
the affection of BPA on other systems of the
human body.

4. Another study to demonstrate the effect of
BPA administration on the pregnant female
and offspring rats exposed during gestation
and lactation.
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