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Costus root extract improves testicular 
toxicity of Bisphenol A in adult male albino 
rats: histopathological, ultrastructural 
and biochemical studies
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Abstract 

Background: Bisphenol A (BPA) causes environmental pollution and is used as a natural antioxidant to protect 
against chemical side‑effects. Costus is a well‑known medicinal plant containing several biologically active com‑
pounds. We investigated the protective effects of costus extract against the toxic effects of BPA in the rat testes.

Results: Biochemical and immunohistochemical investigations revealed that bisphenol reduced the activity of 
antioxidant enzymes and plasma testosterone levels and significantly increased P53. Co‑administration of costus 
root extract with BPA improved the depletion of antioxidant enzymes, returned testosterone to normal levels, and 
improved P53 alternations. Histological and ultrastructural examinations showed that BPA reduced body and tes‑
ticular weights, and the degeneration of seminiferous tubule germ cells, and the use of costus root extract with BPA 
attenuated these toxic effects.

Conclusions: Costus protects rat testes against the toxic effects of BPA.
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1  Background
Bisphenol A (BPA) is a chemical industrial organic com-
pound, which is extremely famous for bisphenols. It has 
the chemical formula C15H16O2 and its shape is a white 
solid. they have been used in the production of plastics 
and epoxy resins since the 1960s [5].

It has been found to have negative effects on male and 
female reproduction by causing endocrine disruptions. 
BPA is used in the manufacture of polycarbonate plastics, 
which are usually stored in containers, such as water bot-
tles. Some plastic containers marked with symbols (Nos. 

3, 6, or 7) were made of BPA, and their use should be 
avoided [15].

BPA is also used in the manufacture of epoxy resins, 
which are used in inner metal product packagings, such 
as food cans, package covers, lines of water supply and 
lines of water supply, retainers of teeth, and their com-
pounds. Recent research has shown that BPA seeps into 
food and drinks in containers manufactured with BPA 
[9].

This is a sign of concern because of the potential effects 
on the health of the brain and prostate glands in fetuses, 
infants, and children. In addition, it may influence chil-
dren’s behavior.

This was found to have a possible relationship between 
it and high blood pressure [38]. BPA affects rat liver cells 
by promoting the conversion of xanthine dehydrogenase 
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to xanthine oxidase and increasing the production of 
Reactive Oxygen Species (ROS) [35]. Therefore, the gen-
eration of ROS and oxidative DNA are responsible for the 
adverse effects of BPA. on the health of humans [36]. It 
also affects the normal functions of the endocrine glands 
and reproductive system by stimulating or decreasing 
the activity of endogenous hormones or by modifying 
hormone synthesis. Studies have shown that mice are 
exposed to Bisphenol A (BPA) This is caused by a defi-
ciency in mitochondrial enzymes in the testes [42].

Herbal medicines have been among the modern medi-
cines preferred for use in recent years because they are 
safe, inexpensive, and readily available. In addition, the 
method of preparing them is free of trouble and is used 
to treat many different diseases because they contain 
antioxidant compounds that help them treat several dis-
eases including testicular toxicity. Costus root extract is a 
herbal medicine that contains many flavonoids, steroids, 
and antioxidants, which are molecules that react with 
ROS to delay and neutralize their function; thus, they 
reduce oxidative stress and protect us from many diseases 
[41]. It has been found that excessive production of these 
types of reactive oxygen species is very harmful to sperm 
and leads to male infertility. Increased ROS production 
owing to unnatural forms of sperm, leukocyte contami-
nation, and various types of pollution are known to cause 
male infertility [8]. Costus root extract has been widely 
used to treat many diseases caused by fungi [6], worms 
[27], and microbes [3], as well as in the treatment of dia-
betes [13], cancer, and anti-inflammatory [1]. Results of 
studies conducted on rats was that the costus root extract 
had an effect in improving and enhancing fertility in male 
rats, where the results indicated an increase in sperm 
concentration after three weeks of receiving doses rang-
ing between 200 and 400 mg of costus root extract. On 
the other hand, the same study found that high doses of 
the CS extract harmed the liver, kidneys, and testes of 
experimental animals. Studies related to the effects of 
BPA on toxicity decrease reproductive function in mam-
mals, and anti-anxiety effects are very limited [14].

Therefore, the present study aimed to assess the effects 
of BPA on the reproductive system and its functions in 
male rats, as well as the potential preventive and curative 
effects of the aqueous extract of Costus root extract.

2  Methods
2.1  Preparation of costus root extract
Costus roots were obtained from stores of herbs in Taif, 
Saudi Arabia, washed, crushed, prepared, and extracted 
by adding 100 ml of boiling water to 10 g of root powder 
in the dark and covering with cups for 24 h, after which 
the solution was filtered. The supernatant was placed in 
dark packages, preserved at 4 °C, and orally administered 

once daily through a gastric tube. The doses were selected 
based on domain criteria et al. 2021.

2.2  Chemicals
In our study, 97% pure Bisphenol A (BPA) (2,2-di(4-
hydroxyphenyl) propane) was obtained from Sigma-
Aldrich and diluted with olive oil to obtain a final 
concentration of 10 mg/kg body weight. The doses were 
chosen as [36].

2.3  Animals and experimental design
Eighty adult male albino rats of approximately the same 
age, weighing (250–300 g) were purchased from the Ani-
mal House of King Abdulaziz University, Jeddah. Rats 
were kept under standard temperature (25 animals were 
fed a standard commercial diet (ATMID Company. All 
the rats were acclimatized for at least 15 days before the 
beginning of the experiment. In this study, animal care 
was carried out by following the European Community 
Directive (86/609/EEC) and national rules, this by the 
8th edition of the NIH Guidelines for the care and use of 
Laboratory Animals. Rats were equally divided into four 
groups containing 20 rats in each group as follows:

The first group control group under the same labora-
tory conditions received distilled water and was fed a 
standard commercial diet daily for eight weeks.
The second group was treated with Costus root 
extract at a dose (0.4 mg/kg) daily.
The third group was treated with 10 mg/kg of Bis-
phenol A (BPA) (body weight /day) dissolved in 
5 ml/kilogram of oil of olive.
The fourth group received 10 mg/kg of Bisphenol A 
(bwt/day) dissolved in 5 ml/kg of oil of olive and Cos-
tus root extract at a dose (0.4 mg/kg) daily for eight 
weeks was given by gastric gavage daily.

2.4  Ethical considerations
Experiments occurred according to the famous accept-
able means for experiments of animals. Avoid any pain 
during operation by injection of Ketalar to avoid discom-
fort or agony. Our standards of animal care and adminis-
tration meet those required by applicable usual laws.

2.5  Biochemical evaluation
2.5.1  Tissue homogenization preparation
Crush 0.5 g of tissue testes in nitrogen by blender. Homo-
geneity directly in phosphate buffer (pH 7.8) containing 
1 ml EDTA. Then by centrifugation 20,000xg for 25 min 
in a cold environment, and storing of supernatant in a 
deep freezer till usage of measurements of (GPx), (CAT), 
(SOD) enzymes, and for measuring (GSH) and (MDA). 
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The enzyme activity assays for CAT, SOD, and GPX were 
done according to [4, 18, 26], respectively). MDA accu-
mulation was measured in the tissue according to the 
method of Ohkawa et al. [33], while total GSH levels were 
determined according to [34].

2.5.2  Enzyme activity assays
Testicular samples were dissected and put in Petri dishes, 
then washed with normal saline (0.9% NaCl). Part of 
these samples was taken for histopathological examina-
tion. The remaining part was rapidly washed in ice-cold 
0.9% NaCl, and homogenized in nine volumes of buffer 
(0.1  mol/L phosphate buffer; pH 7.4), ground with liq-
uid nitrogen in a mortar for determining the activities of 
enzyme activity assays.

2.5.3  ELISA serum hormonal assays
Pre-stored frozen serum samples were used until 
thawed at room temperature. Then, it was centrifuged at 
1000 rpm for 5 min. Then an ELISA reader (Rayto micro-
plate RT 2100C) with wavelengths of 450 and 630  nm 
was used, the concentrations of testosterone (T), lutein-
izing hormone (LH), follicle-stimulating hormone (FSH), 
and prolactin (PRL) were measured [36].

2.5.4  Histopathological examination
At the end of the experiment, the testicles of rats were 
dissected under general anesthetic, then cut into three 
samples, the first for histopathological examination, the 
second for transmission electron microscope examina-
tion, and the third for enzyme activity assays.

The first sample was fixed immediately in formalin 
10%, then placed in paraffin blocks, then cut the blocks 
by microtome to small slices thickness 5 mm and placed 
in glass slides. Sections were stained with Hematoxylin 
and Eosin. Examination of sections was done with a light 
microscope [7].

2.5.5  Immunohistochemistry staining, detection of P53 
apoptotic markers

The samples were placed in paraffin blocks. The block 
was cut by microtome to small slices of thickness 5 mm 
and placed in glass slides. Dewax Sections by putting 
in xylol for 20  min, then hydrate in descending degrees 
of alcohol to distilled water. Immerse sections in cit-
rate buffer (pH 6) at 95–99  °C then in a water bath for 
40  min, then cool at room temperature. Rinse sections 
in phosphate-buffered saline (PBS), then stained with an 
expression of P53, to detect sections of the testis by using 
avidin Biotin Complex (ABC) method as mentioned by 
El-Masry et al. [19].

Transmission Electron Microscope (TEM) examina-
tion: Cut into small pieces 1 mm thick then fixe in phos-
phate buffer solution (pH 7.2) for 3 h at 4 °C, then fixed 
in buffered 2% osmium tetroxide for one hour at 4  °C, 
rinsed and dehydrated in a graded degree of ethanol, 
embedding in Epon, cutting in ultrathin sections (50 nm 
thick), then stained with uranyl acetate [16].

2.6  Analysis of statistics
It was done by the usage of SPSS version 16. The results 
were evaluated as mean + SD. The importance of varia-
tion between results was planned using one-way analysis 
of difference (ANOVA) test and followed by Tukey test.

3  Results
3.1  Biochemical findings
The findings of Table 1 show effects of the taking Bisphe-
nol A itself or together with costus root extract on the 
weight of the body and testes. Mean ± SD indicated that 
the administration of Bisphenol A (third group) showed 
a significant decrease in the weight of the body and tes-
tes compared with the first and second groups. Admin-
istration of costus root extract with Bisphenol A (fourth 
group) prevented the reduction of body weight and testes 
weight when compared with the third group.

Table 1 Showed the effect of the treatment with Bisphenol A itself or together with costus root extract on the weight of body and 
testis

The first group received distilled water daily for eight weeks

The second group was treated with Costus root extract at a dose (0.4 mg/kg) daily

The third group was treated with 10 mg/kg of Bisphenol A (BPA) (body weight /day) dissolved in 5 ml/kilogram of oil of olive

The fourth group received 10 mg/kg of Bisphenol A (bwt/day) Costus root extract at a dose (0.4 mg/kg) daily for eight weeks was given by gastric gavage daily
* p < 0.05 (significant difference in comparison with control group and second groups)
** p < 0.05 (significant difference in comparison with third group)

First (control) group Second group costus root 
extract seeds

Third group Bisphenol 
A

Fourth group Bisphenol 
A with costus root 
extract

Body weight 287 ± 2.4 264 ± 1.9 183 ± 1.8* 265 ± 3.1**

Testis weight 2.72 ± 0.2 2.31 ± 0.3 1.89 ± 0.6* 2.9 ± 0.2**
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Data in Table 2 showed that administration of Bisphe-
nol A in the third group caused a significant reduction 
in the antioxidant enzymes of activity of (CAT), (GPx), 
(SOD) and (GSH) while significantly increasing (MDA) 
and (NO) in tissues of testis in comparison with the first 
group. The treatment of costus root extract with Bisphe-
nol A in the rat of the fourth group prevented the exhaus-
tion of antioxidant enzymes; CAT, GPx, SOD, and GSH, 
and inhibition of rising of MDA and NO when compared 
with the third group.

3.2  Hormonal assay
The findings of Table 3 showed the effect of the admin-
istration with Bisphenol A itself or together with costus 
root extract on serum levels of testosterone, FSH, PRL, 

and LH. The mean ± SD data indicated that the adminis-
tration of Bisphenol A (third group) showed a significant 
decrease in levels of testosterone in comparison with the 
control and second groups but no significant changes in 
FSH, PRL, or LH. as compared with the control and sec-
ond groups, administration of costus root extract with 
Bisphenol A (fourth group) prevented the reduction of 
observed alterations in the serum levels of testosterone as 
compared with the third group.

Findings of Table  4 showed the effect of the adminis-
tration with Bisphenol A itself or together with costus 
root extract on immunohistochemical staining for P53 
indicated that the administration of Bisphenol A (third 
group) showed strong positive of immunohistochemi-
cal staining for P53 in comparison with the control and 

Table 2 Effect of the administration of Bisphenol A itself or together with costus root extract on antioxidant enzymes of testis CAT, 
GPx, SOD, GSH, MDA, and NO

The first group received distilled water daily for eight weeks

The second group was treated with Costus root extract at a dose (0.4 mg/kg) daily

The third group was treated with 10 mg/kg of Bisphenol A (BPA) (body weight /day) dissolved in 5 ml/kilogram of oil of olive

The fourth group received 10 mg/kg of Bisphenol A (bwt/day) Costus root extract at a dose (0.4 mg/kg) daily for eight weeks was given by gastric gavage daily
* p < 0.05 (significant difference in comparison with control group and second groups)
** p < 0.05 (significant difference in comparison with third group)

First (control) group Second group costus root 
extract

Third group Bisphenol A Fourth group Bisphenol A 
with costus root extract

CAT 08.01 ± 0.31 09.03 ± 0.83 03.8 ± 0.05* 07.9 ± 0.02**

SOD 08.03 ± 0.21 08.9 ± 0.11 04.5 ± 0.02* 07.89 ± 0.23**

GPx 71.18 ± 0.48 64.08 ± 0.03 52.81 ± 0.5* 61.91 ± 0.4**

GSH 23.03 ± 0.14 22.01 ± 0.01 10.19 ± 0.2* 022.9 ± 0.1**

MDA 14. 03 ± 0.39 13.9 ± 0.12 017.01 ± 0.92* 12.1 ± 0.01**

NO 99.09 ± 0.98 92.34 ± 0.43 110.2 ± 0.13* 94.01 ± 0.02**

Table 3 Effect of the treatment with Bisphenol A alone or together with costus root extract on levels of testosterone, FSH, PRL, and LH

The first group received distilled water daily for eight weeks

The second group was treated with Costus root extract at a dose (0.4 mg/kg) daily

The third group was treated with 10 mg/kg of Bisphenol A (BPA) (body weight /day) dissolved in 5 ml/kilogram of oil of olive

The fourth group received 10 mg/kg of Bisphenol A (bwt/day) Costus root extract at a dose (0.4 mg/kg) daily for eight weeks was given by gastric gavage daily
* p < 0.05 (significant difference in comparison with control group and second groups)
** p < 0.05 (significant difference in comparison with third group)

First (control) group Second group costus root 
extract

Third group Bisphenol 
A

Fourth group Bisphenol A 
with costus root extract

Testosterone 4.01 ± 0.3
(nmoI/L)

4.13 ± 0.03
(nmoI/L)

2.2 ± 0.02*
(nmoI/L)

3.9 ± 0.01**
(nmoI/L)

FSH 018.03 ± 0.21
(IU/L)

018.9 ± 0.11
(IU/L)

017.1 ± 0.01
(IU/L)

16.11 ± 0.01**
(IU/L)

PRL 16.18 ± 0.48
(mIU/L)

16.08 ± 0.03
(mIU/L)

15.91 ± 0.2
(mIU/L)

14.91 ± 0.4**
(mIU/L)

LH 21.9 ± 0.14
(IU/L)

22.01 ± 0.01
(IU/L)

20.19 ± 0. 2
(IU/L)

019.9 ± 0.1**
(IU/L)
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second groups, while little or no staining was observed 
with the control and second groups of immunohisto-
chemical staining for P53. Administration of costus root 
extract with Bisphenol A (fourth group) showed a reduc-
tion in expression of immunohistochemical staining for 
P53 (++ staining). There was no difference in immuno-
histochemical staining for P53. In the costus root extract 
group compared to the control group.

3.3  Histopathological results findings by light microscope
The light microscopic observations of the present study 
of first (control) and second groups showed seminifer-
ous tubule were normal structure, covered by basement 
membrane containing myoid cells, the normal structure 
of spermatogonia appeared as small rounded cells with 
rounded nuclei, successive layers of spermatogenesis as 
both primary spermatocytes appeared as large cell with 
large rounded nuclei and secondary spermatocytes, 
normal spermatids appeared as small, rounded cells 
with pale nuclei, normal sperms in the lumen and nor-
mal Sertoli cells had triangular cell and triangular nuclei 
inside acidophilic cytoplasm and attached to the base-
ment membrane in between the layers of spermatogonia 
and spermatocytes, normal blood vessels and interstitial 
Interstitial cells present between the tubules (Fig. 1a, b).

Light microscopic observations third group (BPA treated 
group): The testes showed degeneration and disorganiza-
tion of the basement membrane of seminiferous tubules 
surrounded by degenerated myoid cells and separated 
by vacuolated interstitium and congestion of dilating 
blood vessels. Also, wide spaces among the deteriorating 

germinal epithelium, replaced by wide spaces within the 
seminiferous tubules, damaged sperm with vacuoles, 
degeneration of both primary and secondary spermato-
cytes as well as a few debris of sperm in the centers of the 
seminiferous tubules and degenerated Sertoli cells with 
pyknotic nuclei. Multi-forms of spermatids, abnormal 
blood vessels, and degenerated interstitial cells between 
the tubules (Fig. 1c).

Light microscopic observations of the fourth group (BPA 
and costus-treated group): The testes showed marked 
improvement in the seminiferous tubules; its basement 
membrane is contained myoid cells, nearly normal stages 
of spermatogonia as primary, secondary spermatocytes, 
spermatids, and sustentacular cells (Fig. 1d).

3.4  Immunohistochemical staining for P53
As shown in Fig. 2a and b, testicular tissues from control 
and costus-treated group rats stained, little or no stain-
ing was observed for P53. In contrast, in Fig. 2c testicu-
lar tissues from rats treated with Bisphenol A (BPA) 
alone stained strongly with P53. This was reversed in the 
BPA and costus-treated group where there was reduced 
expression of P53 as in Fig. 2d. There was no difference 
in the expression of P53 in the costus-treated group com-
pared to the control group.

3.5  Ultrastructural study
Testes of the first (control) and second groups showed the 
basement membrane formed of sustentacular cells and 
normal stages of spermatogonia. Spermatogonia has oval 
heterochromatin nuclei. Primary spermatocytes revealed 
rounded to oval nuclei and spermatids were rounded 
shapes that had acrosomal caps (Fig.  3c, d). The sertoli 
cell appeared as a large pyramidal cell having a large ser-
rated nucleus with a prominent nucleolus (Fig. 3a–c).

The third group (the BPA-treated group) showed dam-
aging effects of Bisphenol A BPA on the cells. The cyto-
plasm of stages of spermatogonia cells and Sertoli cells 
have degenerated with intracellular vacuoles and elec-
tron-dense bodies; cell debris, swollen mitochondria; and 
other spermatogonia cells were shrunken and separated 
by spaces due to degenerated neighboring cells. Some 
vacuolated cytoplasm of degenerated primary spermato-
cytes and spermatids (Fig.  3d). The cytoplasm primary 
spermatocytes and spermatids showed vacuoles, exces-
sive lipid droplets, irregular nuclear membranes, and 
shrunken pyknotic nuclei (Fig. 4a).

The testis of rats of the fourth group (BPA and costus 
treated group, showed marked improvement of spermat-
ogonia, normal spermatids also primary spermatocytes 
and sperms appeared nearly normal (Fig. 4b,c).

Table 4 Effect of the treatment with Bisphenol A alone or 
together with costus root extract on immunohistochemical 
staining for P53

The first group received distilled water daily for eight weeks

The second group was treated with Costus root extract at a dose (0.4 mg/kg) 
daily

The third group was treated with 10 mg/kg of Bisphenol A (BPA) (body weight /
day) dissolved in 5 ml/kilogram of oil of olive

The fourth group received 10 mg/kg of Bisphenol A (bwt/day) Costus root 
extract at a dose (0.4 mg/kg) daily for eight weeks was given by gastric gavage 
daily

(+ staining) Faint staining of immunohistochemical staining for P53 was 
observed with the control and second groups

(+ staining) Moderate reduction of expression of immunohistochemical staining 
for P53 was observed with the fourth group compared to the third group

(+++++ staining) Strong positive of immunohistochemical staining for P53 in 
comparison with the control and second groups

First (control) 
group

Second group 
costus root 
extract

Third group 
Bisphenol A

Fourth group 
Bisphenol A 
with costus 
root extract

P53 + + +++++ ++
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4  Discussion
Bisphenol A is a chemical product as epoxy and poly-
carbonate resins that has a marked endocrine disrupt-
ing effect and environment due to its wide use in many 
fields and has an anti-androgen effect [28] and is prev-
alent in plastic used in food and beverage packaging 
such as bottles and water pipes [32]. Our work is the 
first work that revealed the improved effects of costus 

versus, the toxicity of Bisphenol A on the testis of the 
rat.

The present study showed that Bisphenol-A- reduced 
body weight and testes weight these reports paral-
lel with reports by Samuel et al. [36] who postulate that 
treatment with BPA significantly reduction in the testes 
and body weights of the rats in comparison to the first 
group Anthonet and Orish [10]. He added that the cause 

Fig. 1 a Light micrographs (LM) a transverse section of a control group of rats of testis showing seminiferous tubules lined with basement 
membrane (BM) had myoid cells (m), interstitial tissue (I) among the tubules, spermatogonia appeared as small, rounded cells (g), primary 
spermatocyte as large, rounded nuclei (c). Spermatids as small, rounded cells with pale nuclei (t); Sertoli cells have triangular nuclei attached to 
the basement membrane (r), sperms (S) in the center, and Leydig cells (L). (Hematoxylin and Eosin × 400). b Light micrographs (LM) a transverse 
section of second groups of rats of testis showing seminiferous tubules lined with basement membrane (BM) had myoid cells (m), interstitial 
tissue (I) among the tubules, spermatogonia appeared as small, rounded cells (g), primary spermatocyte as large, rounded nuclei (c). Spermatids 
as small, rounded cells with pale nuclei (t). Sertoli cells had triangular nuclei attached to the basement membrane (r), sperms (S) in the center, 
and Leydig cells (L). (Hematoxylin and Eosin × 400). c Light micrographs (LM) of a transverse section testis of rat third group showed well‑defined 
disorganization with necrosis, vacuoles (v) of germ cells (g), degenerated Leydig cells (L), and degenerated basement membrane (BM), congested 
blood vessels (bv). (Hematoxylin and Eosin × 400). d Light micrographs (LM) of the transverse section of testis of the fourth group showed the 
normal structure of spermatogonia cells (g) with normal basement membrane (BM); Sertoli cells (r) and Leydig cells (L) normal spermatocytes c), 
spermatid (t) and sperms (S). (Hematoxylin and Eosin × 400)
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of reduction in male albino Wistar rats may be due to 
reduced tubule size, a decrease in the number of germ 
cells, and degenerated spermatids after reproductive 
toxicity of lead. In addition to that Abdel-Halim et al. [2] 
showed that reduction may be due to a decrease in serum 
testosterone levels or may be due to decreased number 
of germ cells; suppression of spermatogonia cells also 
counts activity of the steroidogenic enzyme; these results 
were parallel with our results. Also, our present study 
showed that Costus had a remarkable ability to amelio-
rate the Bisphenol-A-induced decrease in body and testis 
weights, so Costus protects against the toxicity of Bis-
phenol A on the testis. This is consistent with reports by 

Khattab and Mansoury [30] who postulated that Costus 
afer leaf extract had a protective effect against testicular 
toxicity associated with cyclosporine, also our results 
were in coincidence with Abd El-Rahman et al. [1] who 
stated that administration S. lappa extracts significantly 
opposite TA-weight loss effects., they also added that this 
refinement may be due to improved function immunity 
and activities of antioxidant enzymes in rats. Improve-
ment could be the consequence of the improvement of 
immune functions and antioxidant activities in rats.

Also, the present study, showed that Bisphenol A 
induced significant decreases of activity of antioxidant 
enzymes: (CAT), (GPx), (SOD) and  (GSH), in the third 

Fig. 2 a Light micrographs (LM) of a transverse section of the control group stained with P53‑ir showed a faint positive affinity for P53 (arrows) 
(P53 X400). b Light micrographs (LM) of a transverse section of the costus second group stained with P53‑it showed a faint positive affinity for P53 
(arrows) (P53 X400). c Light micrographs (LM) of a transverse section of testis of rat (third group) stained with P53‑ir showed a strongly positive 
affinity for P53
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group while significantly increased in the levels of Reac-
tive Oxygen Species (ROS) as (MDA) and (NO) in tis-
sues of testis of rat when compared with the first group. 
These results were parallel to the results of Samuel et al. 
[36]. Who stated that Bisphenol A caused a noticeable 
decrease of antioxidant enzymes with an increase in the 

levels of reactive oxygen species (ROS) they also added 
that these reductions of antioxidant enzymes may be 
due to enhanced utilization of GSH for detoxification of 
Bisphenol A induced free radicals or may be due to SOD 
converted the superoxide anion radicals into  H2O2, which 
thereafter accumulated in the testis which inhibits CAT 

Fig. 3 a Transmission electron micrograph of sections testis of rats of a control group. showing: spermatogonia (g) with its small nucleus (N), 
primary spermatocyte cell (ps) with its large nucleus (N); Sertoli cell (r) with its dentate nucleus (n), rest on regular basement membrane (BM) 
with flat myoid cell (M) nucleus (N) (X 5000). b Transmission electron micrograph of sections testis of rats of a control group. showing: a group of 
spermatids (t) with a rounded nucleus (N) and acrosomal cap (arrow) and sperm (s) X15000. c Transmission electron micrograph of sections testis 
of rats of second groups. showing: spermatogonia (g) with its small nucleus (N), primary spermatocyte cell (ps) with its large nucleus (N), Sertoli 
cell (r) with its dentate nucleus (n), rest on regular basement membrane (BM) with flat myoid cell (M) nucleus (N), spermatids (t) with rounded 
nucleus (N) and acrosomal cap (arrow) and sperm (s) (X 5000). d Transmission electron micrographs of the third group rat testis showed irregular 
thick basement membrane (BM) with nuclear atrophy (n) of a myoid cell (M), vacuoles of cytoplasm (v) of degenerated spermatogonia (g) with 
its degenerated small nucleus (N), also damaged primary spermatocytes (ps), also vacuoles of cytoplasm (V), degenerated mitochondria (m), and 
endoplasmic reticulum. Also, damage of nuclear membrane (N), atrophy of Sertoli cell (r) with its atrophy nucleus (n) (X 5000)
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activity. Also, antioxidant enzymes can become inhibited 
with an elevation of lipid peroxidation as MDA Increase 
in reactive oxygen species (ROS) as MDA levels of the 
testis may cause a decrease in motility of sperm and 
destruction of the membrane of spermatozoa [24]. Apay-
din et  al. [12] added that enzymatic antioxidants (SOD, 
CAT, GPx, and GST) are useful in defending against the 
injury of cells and protecting cells and organs from the 
unfavorable effects of ROS by catalyzing the toxic  H2O2 

to water and oxygen. Also, these may cause the failure 
of the formation of sperm and steroid hormones, and 
hence, male sterility with infertility of males.

The present study deduced that Bisphenol-A caused 
toxicity on the male reproductive system in adult rats; 
these results were parallel to Kazemi et  al. [29]. Who 
stated that Bisphenol A caused toxicity on the male 
reproductive system in adult rats due to elevation of 
ROS levels leads to oxidative stress, which also increases 

Fig. 4 a Transmission electron micrographs of the third group rat testis showed damaged primary spermatocytes (ps) with cytoplasmic 
vacuolation, degenerated mitochondria, dilation endoplasmic reticulum, vacuoles of cytoplasm (v) of spermatid with irregular acrosomal cap (t), 
and irregular nuclear membrane (N) close to the lumen (Lu) (X4000). b Transmission electron micrograph of sections testis of rats of the fourth 
group: showing: spermatogonia (g) with its small nucleus (N), primary spermatocyte cell (ps) with its large nucleus (N); Sertoli cell (r) with its dentate 
nucleus (n), rest on regular basement membrane (BM) with flat myoid cell (M) nucleus (N) (X5000). c Transmission electron micrograph of sections 
testis of rats of the fourth group showing: a group of spermatids (t) with rounded nucleus (N) and acrosomal cap (arrow) and sperm (s) X15000
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disorder caused by free radicals of oxygen and antioxi-
dant enzymes of the cell [23].

Co-administration of costus in the present study is 
associated with a deficiency of MDA and H2O2 and a rise 
in the action of CAT, SOD, and GPx. These results were 
parallel with findings from Anthonet and Orish [10], who 
reports that these results were due to an inhibition of 
GPx1 gene code, and GPx4, associated with disturbance 
in the oxidation of protein; they also added that costus 
root extract showed obvious changes in oxidative stress 
of testis, hormonal, sperm analysis and histopathological 
changes caused by lead.

The present study showed that administration of Bis-
phenol A (third group) showed a significant reduction 
in the serum levels of testosterone, but no significant 
changes in FSH, PRL, and LH. as compared with the con-
trol and second groups, these findings are in coincidence 
with the results of Gonçalves et al. [20], who stated that 
the Bisphenol A is harm to TM3 cells of Leydig and dam-
age their steroid action Also, our results were in coinci-
dence with the results of Sohrab et al. [37], who reported 
that the decrease in the level of testosterone was most 
probably due to a deterioration in the activity of the Ley-
dig and Sertoli cells; these results correspond with our 
ultrastructural results.

Kamel et  al. [28] postulated that reduction of serum 
levels of testosterone is an indicator of chemical toxic-
ity on the reproductive system,see also Samuel et  al. 
[36] added that decreased levels of testosterone caused 
the failure of spermatogenesis and destruction of semi-
niferous epithelium, Leydig cell, and Sertoli cells, which 
is correlated with the histological and ultrastructural 
results of the present study.

Administration of costus root extract with Bisphenol A 
(fourth group) prevented the reduction of observed alter-
ations in the serum levels of testosterone when compared 
with the third group; these findings were coincidence 
with the results of Anthonet and Orish [10], who postu-
lated that costus Afer had a protective effect by elevating 
levels of plasma testosterone, in the treated groups to 
near normal.

4.1  Histopathology
The present work showed that the histological structure 
of control and second groups of rat testes are like normal 
testes of other mammals; these results were parallel to 
the results of Anthony [11].

The light microscope of the present study of the third 
group treated with Bisphenol A showed degeneration 
of seminiferous tubule, spermatogonia with vacuoles of 
sustentacular cells, degeneration in spermatocytes, sper-
matids, and degenerated interstitial cells, these were in 
correspondence with other studies reported by Samuel 

et al. [36]. Who reported that Bisphenol A caused degen-
eration of seminiferous tubules, and spermatocytes, also 
parallel with the results of Anthonet and Orish [10]. 
Who reported that Bisphenol A caused degeneration of 
spermatogonia with vacuoles of sustentacular cells [25]. 
Added that Bisphenol-A inhibits the growth of spermato-
gonia cells, developing Leydig cells, and steroidogenesis.

Co-administration of costus with Bisphenol A in the 
fourth group showed marked improvement in the testis 
of rats; these findings were parallel with the results of 
Domiaty et al. [17]. Who stated that the treatment with 
Costus extract and risperidone together showed an effec-
tive role in the improvement of damage caused improve-
ment the pathological and anatomical changes they also 
added improvement of costus may be due to presence of 
flavonoids in the roots of Costus extract which has ben-
eficial effects in certain diseases such as cancer and car-
diovascular, neurological disorders.

Our results were parallel with the results of Anthonet 
and Orish [10]. Who reported that treatment with Costus 
afer showed marked improvement of histopathological 
changes induced by lead, they also added that extract of 
leaves of Costus had conservative effect versus damage of 
testis caused by lead.

Our data in Table  4 also showed that Bisphenol A 
caused a marked increase in the levels of the proapop-
totic protein P53. Immunohistochemical staining has 
also revealed intense staining of P53; these results were 
in coincidence with the results of Yuan et al. [31]. Who 
reported that Bisphenol-A treatment caused an increase 
in p53 apoptotic cells in testicular tissues of the rat.

So, the rise of p53 in the present work detects the pros-
pect of the occurrence of apoptosis after Bisphenol A. 
treatment.

Co-administration of costus with Bisphenol A in the 
fourth group caused marked improvement and decrease 
in the levels of proapoptotic proteins P53 these find-
ings were parallel with the results of Gules et  al. [21]. 
Who stated that costus extract contains flavonoids that 
improve the reduction of oxidative stress, which has 
emerged as a cell protective agent when exposed to activ-
ity scavenging of free radicals that cause damage to cell 
structures, leading to inhibiting DNA damage. So costus 
appeared to have anti-apoptotic properties.

4.2  Ultrastructural study
The ultrastructural examination of the present study 
showed that it showed enlarged vacuoles, swollen mito-
chondria, cell debris, and cytoplasmic vacuoles of Ser-
toli cells; these findings were parallel with the results of 
Gurmeet et  al. [22]. The current study showed swollen 
degeneration of spermatogonia cells, primary spermat-
ocytes with excessive lipid droplets, irregular nuclear 
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membrane, and pyknotic nuclei; these results were paral-
lel with the findings of Toyama et al. [39]. Who stated that 
Bisphenol A caused several degenerative effects on sper-
matogonia like the disappearance of the nuclear envelope 
and numerous apoptotic changes. Our ultrastructural 
results also revealed Bisphenol A caused damages of 
spermatogonia cells and spermatocytes as condensation 
of chromatin material, the disappearance of the nuclear 
envelope, and numerous apoptotic changes; these results 
were parallel with the findings of Tushara et al. [40]. Who 
postulated that Bisphenol-A caused ultrastructural sev-
eral degenerative effects in the form of the presence of 
vacuoles in mitochondria of spermatids, Sertoli, Leydig, 
and peritubular myoid cells as compared to control.

In addition to that Zaki et  al. [42]. Reported that an 
increase of vacuoles in the cytoplasm of the spermatogo-
nia and sustentacular cells might be caused by swelling 
of the smooth endoplasmic reticulum that demonstrates 
changes in the permeability of cells in addition to that the 
ultrastructural changes may be due to bisphenol A had 
apoptosis in various spermatogonia and destruction of 
basement membrane which has the main function in the 
integrity of testicular tissues.

The testis of rats of the fourth group Bisphenol A and 
costus-treated group, showed marked improvement in 
spermatogonia. Normal spermatids, also primary sper-
matocytes and sperms appeared nearly normal as con-
densation of chromatin material. These results were 
parallel with the findings of Domiaty et  al. [17]. Who 
postulated that ultrastructural changes of testis of treated 
rats with risperidone and costus fourth group identified 
that developmental stages of spermatogenic epithelium 
including spermatogonia, normal spermatids, primary 
spermatocytes, and sperms were detected also Sertoli 
cells appeared as elongated cells with its giant nuclei, 
prominent nucleoli, ER and mitochondria. The inter-
tubular space was full of a moderate number of Leydig 
cells; they also added that treatment with Costus inhib-
ited the histopathological alterations induced by risperi-
done within the testis.

5  Conclusions
From the present study, we could conclude that bisphenol 
A on the rat testis has been demonstrated induced repro-
ductive toxicity in an adult male rat in the form of his-
tological, biochemical, and ultrastructural alterations of 
testis observed in testicular morphology may be indica-
tive of disturbance of sperm production and functioning. 
These effects might be the result of direct toxic effects 
on related components and/or indirect effects mediated 
by dysregulation of bioassay parameters. The oral use of 
costus has a beneficial protective effect against the histo-
pathological, biochemical, and ultrastructural alterations 

in testis induced by bisphenol-A. Given the genetic and 
spermatogenesis similarity between rats and humans, 
this study will be useful in correlating adverse effects in 
humans.

Abbreviations
BPA: Bisphenol A; TST: Testosterone; ROS: Reactive oxygen species; EEC: 
European community directive; NIH: National Institutes of Health; EDTA: Eth‑
ylenediaminetetraacetic acid; GPx: Glutathione peroxidase; GSH: Glutathione; 
CAT : Catalase; SOD: Superoxide dismutase; NO: Nitric oxide; MDA: Malondi‑
aldehyde; NaCl: Sodium chloride; PH: Potential of hydrogen; ELISA: Enzyme‑
linked immunosorbent assay; T: Testosterone; LH: Luteinizing hormone; FSH: 
Follicle‑stimulating hormone; PRL: Prolactin; ABC: Avidin biotin complex; SPSS: 
Statistical package for the social sciences; SD: Standard deviation; BM: Base‑
ment membrane; LM: Light micrographs.

Acknowledgements
We acknowledge all the members of Histology and Pathology Laboratory in 
Medical College, Taif University for their support in conducting this research.

Authors’ contributions
All authors have participated equally in this research, and took the responsibil‑
ity for the decision to submit for publication. All authors read and approved 
the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not‑for‑profit sectors.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
In this study, animal care was carried out by following the European Com‑
munity Directive (86/609/EEC) and national rules, this by the 8th edition of the 
NIH Guidelines for the care and use of Laboratory Animals.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing of interests.

Author details
1 Anatomy Department, College of Medicine, Taif University, P.O. Box 11099, 
Taif 21944, Saudi Arabia. 2 Modern Technology and Information University, 
Cairo, Egypt. 3 Pathology Department, College of Medicine, Taif University, P.O. 
Box 11099, Taif 21944, Saudi Arabia. 4 Department of Anatomy, Faculty of Medi‑
cine, Alexandria University, Alexandria, Egypt. 

Received: 5 November 2021   Accepted: 15 March 2022

References
 1. Abd‑El‑Rahman GII, Amany B, Elseddawy NM, El‑Saber GB, Wael NH, 

Khodeer DM, Abd‑Elhakim YM (2020) Saussurea lappa ethanolic extract 
attenuates triamcinolone acetonide‑induced pulmonary and splenic tis‑
sue damage in rats via modulation of oxidative stress, inflammation, and 
apoptosis. Antioxidants 9(5):396. https:// doi. org/ 10. 3390/ antio x9050 396

 2. Abdel‑Halim BR, Khalaf AA, Moselhy WA, Ahmed WMS (2016) Protective 
effect of nano‑selenium and ionized selenium against the testicular dam‑
age, endocrine disruptor and testicular ultrastructure of Bisphenol A in 

https://doi.org/10.3390/antiox9050396


Page 12 of 13Osman et al. Beni-Suef Univ J Basic Appl Sci           (2022) 11:45 

albino male rats. Asian J. Anim. Vet. Adv. 11(11):653–664. https:// doi. org/ 
10. 3923/ ajava. 2016. 653. 664

 3. Abdelwahab SI, Taha MM, Alhazmi HA, Ahsan W, Rehman ZU, Bratty MA, 
Makeen H (2019) Phytochemical profiling of costus (Saussurea lappa 
Clarke) root essential oil, and its antimicrobial and toxicological effects. 
Trop J Pharm Res 18(10):2155–2160. https:// doi. org/ 10. 4314/ tjpr. v18i10. 
22

 4. Aebi H (1984) Catalase in vitro. Methods Enzy 105:121–126. https:// doi. 
org/ 10. 1016/ s0076‑ 6879(84) 05016‑3

 5. Ahmed W, Moselhy W, Nabil T (2015) Bisphenol A toxicity in adult male 
rats: hematological, biochemical and histopathological approach. Glob 
Vet 14(2):228–238. https:// doi. org/ 10. 5829/ idosi. gv. 2015. 14. 02. 9332

 6. Al Otibi F, Rizwana H, Alharbi RI, Alshaikh N, Albasher G (2020) Antifun‑
gal effect of Saussurea lappa Roots against phytopathogenic fungi and 
resulting morphological and ultrastructural changes. Gesunde Pflanzen 
72:57–67. https:// doi. org/ 10. 1007/ s10343‑ 019‑ 00483‑5

 7. Al‑Taee RAM, Al‑Aameli MH, Al‑Qazwini YM (2019) Histological tech‑
niques: a brief historical overview. J Glob Sci Res 2:218–223

 8. Alahmar AT (2019) Role of oxidative stress in male infertility: an updated 
review. J Hum Reprod Sci 12(1):4–18. https:// doi. org/ 10. 4103/ jhrs. JHRS_ 
150_ 18

 9. Almeida S, Raposo A, Almeida‑González M, Carrascosa C (2018) Bisphenol 
A: food exposure and impact on human health. Compr Rev Food Sci 
Food Saf 17:1503–1517

 10. Anthonet NE, Orish EO (2019) The protective effect of Costus afer Ker 
Gawl aqueous leaf extract on lead‑induced reproductive changes in male 
albino Wistar rats. JBRA Assist Reprod 23(3):215–224. https:// doi. org/ 10. 
5935/ 1518‑ 0557. 20190 019

 11. Anthony LM (2018) Junqueira’s basic histology: text and atlas, fifteenth 
edition copyright © 2018 by McGraw‑Hill Education. All rights reserved. 
Printed in the United States of America

 12. Apaydin FG, Aslanturk A, Uzunhisarcikli M, Bas H, Kalender S, Kalen‑
der Y (2019) Histopathological and biochemical studies on the effect 
of curcumin and taurine against bisphenol A toxicity in male rats. 
Environ Sci Pollut Res Int 26(12):12302–12310. https:// doi. org/ 10. 1007/ 
s11356‑ 019‑ 04578‑4

 13. Azhagu MS, Senthilkumar S, Andrews S, Ganesan S (2019) Anti‑diabetic 
effect of ethanol extract of costus spicatus jacq in rhizome extract in 
streptozotocin‑induced diabetic rats—histological study. J Drug Deliv 
Ther 9(4s):483–487. https:// doi. org/ 10. 22270/ jddt. v9i4‑s. 3359

 14. Boison D, Adinortey CA, Babanyinah GK, Quasie O, Agbeko R, Wiabo‑Asa‑
bil GK, Adinortey MB (2019) Costus afer: a systematic review of evidence‑
based data in support of its medicinal relevance. Scientifica 2019:1–10. 
https:// doi. org/ 10. 1155/ 2019/ 37326 87

 15. Bosch RJ, Quiroga B, Muñoz‑Moreno C, Olea‑Herrero N, Arenas MI, 
González‑Santander M, Reventún P, Zaragoza C, de Arriba G, Saura M 
(2016) Bisphenol A: an environmental factor implicated in renal vascular 
damage. Nefrologia 36(1):5–9. https:// doi. org/ 10. 1016/j. nefroe. 2016. 01. 
009

 16. Cheville NF, Stasko J (2014) Techniques in electron microscopy of animal 
tissue. Vet Pathol 51(1):28–34. https:// doi. org/ 10. 1177/ 03009 85813 
505114

 17. Domiaty DMM, Hasab Allah SSH, Al‑Nahary HY (2021) Histological, ultras‑
tructural and molecular studies on the effect of Coustus speciosus extract 
on raising the efficiency of fertility in the testes of male rats treated with 
risperidone (antipsychotic drug). Med Sci 25(108):300–311

 18. Domokos, Abdulla TA (2020) Synthesis, characterization of V2O5 
nanoparticles and determination of catalase mimetic activity by new 
colorimetric method. J Therm Anal Calorim https:// doi. org/ 10. 1007/ 
s10973‑ 020‑ 09725‑5

 19. El‑Masry TA, Al‑Shaalan NH, Tousson E, El‑Morshedy K, Al‑Ghadeer A 
(2017) P53 expression in response to equigan induced testicular injury 
and oxidative stress in male rat and the possible prophylactic effect of 
star anise extracts. Annu Res Rev Biol 14(1):1–8. https:// doi. org/ 10. 9734/ 
ARRB/ 2017/ 34318

 20. Gonçalves GD, Semprebon SC, Biazi BI, Mantovani MS, Fernandes GSA 
(2018) Bisphenol A reduces testosterone production in TM3 Leydig cells 
independently of its effects on cell death and mitochondrial membrane 
potential. Reprod Toxicol 76:26–34. https:// doi. org/ 10. 1016/j. repro tox. 
2017. 12. 002

 21. Gules O, Yildiz M, Naseer Z, Tatar M (2019) Effects of folic acid on testicular 
toxicity induced by bisphenol‑A in male Wistar rats. Biotech Histochem 
94(1):26–35. https:// doi. org/ 10. 1080/ 10520 295. 2018. 14932 22

 22. Gurmeet KSS, Rosnah I, Normadiah MK, Das S, Mustafa AM (2014) Detri‑
mental effects of bisphenol A on development and functions of the male 
reproductive system in experimental rats. EXCLI J 13:151–160. https:// doi. 
org/ 10. 17877/ DE290R‑ 127

 23. Halliwell B (2011) Free radicals and antioxidants quo vadis? Trends Phar‑
macol Sci 32:125–130. https:// doi. org/ 10. 1016/j. tips. 2010. 12. 002

 24. Hsieh YY, Chang CC, Lin CS (2006) Seminal malondialdehyde concentra‑
tion but not glutathione peroxidase activity is negatively correlated with 
seminal concentration and motility. Int J Bio Sci 2:23–29. https:// doi. org/ 
10. 7150/ ijbs.2. 23

 25. Hyun JP, Won YL, Jeong TD, Chankyu P, Hyuk S (2021) Evaluation of tes‑
ticular toxicity upon fetal exposure to bisphenol A using an organ culture 
method. https:// doi. org/ 10. 1016/j. chemo sphere. 2020. 129445

 26. Ighodaro OM, Akinloye OA (2018) First line defence antioxidants‑super‑
oxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPX): 
their fundamental role in the entire antioxidant defence grid. Alex J Med 
54:287–293. https:// doi. org/ 10. 1016/j. ajme. 2017. 09. 001

 27. Jeneth BR, Ramakrishnan K (2016) Comparative in‑vitro evaluation of 
anthelmintic property of leaves and rhizome of Costus pictus D. Don 
against albendazole. Natl J Physiol Pharm Pharmacol 6(5):438–441. 
https:// doi. org/ 10. 5455/ njppp. 2016.6. 02054 23032 016

 28. Kamel AH, Foaud MA, Moussa HM (2018) The adverse effects of bisphenol 
A on male albino rats. J Basic Appl Zool 79:6. https:// doi. org/ 10. 1186/ 
s41936‑ 018‑ 0015‑9

 29. Kazemi S, Feizi F, Aghapour F, Joorsaraee GA, Moghadamnia AA (2016) 
Histopathology and histomorphometric investigation of bisphenol A and 
nonylphenol on the male rat reproductive system. North Am J Med Sci 
8:215–221. https:// doi. org/ 10. 4103/ 1947‑ 2714. 183012

 30. Khattab HHA, Mansoury MMS (2020) Costus afer leaf extract protects 
against testicle damage caused by cyclosporine A in adult male Wistar 
rats through an antioxidant mechanism. Andrologia 52(5):1–9. https:// 
doi. org/ 10. 1111/ and. 13561

 31. Li Y‑J, Song T‑B, Cai Y‑Y, Zhou J‑S, Song X, Zhao X, Xiao‑Lin Wu (2009) Bis‑
phenol A exposure induces apoptosis and upregulation of Fas/FasL and 
caspase‑3 expression in the testes of mice. Toxicol Sci 108(2):427–436. 
https:// doi. org/ 10. 1093/ TOXSCI/ KFP024

 32. Michalowicz J (2014) Bisphenol A‑Sources, toxicity and biotransforma‑
tion. Environ Toxicol Pharmacol 27:738–758. https:// doi. org/ 10. 1016/j. 
etap. 2014. 02. 003

 33. Ohkawa H, Ohishi N, Yagi K (1979) Assay for lipid peroxides in animal tis‑
sues by thiobarbituric acid reaction. Anal Biochem 95(2):351–358. https:// 
doi. org/ 10. 1016/ 0003‑ 2697(79) 90738‑3

 34. Owen JB, Butterfield DA (2010) Measurement of oxidized/reduced 
glutathione ratio. In: Bross P, Gregersen N (eds) Protein misfolding and 
cellular stress in disease and aging: methods in molecular biology (meth‑
ods and protocols), vol 648. Humana Press, Totowa, NJ. https:// doi. org/ 10. 
1007/ 978‑1‑ 60761‑ 756‑3_ 18

 35. Sakuma Y (2009) Gonadal steroid action and brain sex differentiation in 
the rat. J Neuroendocrinol 21(4):410–414. https:// doi. org/ 10. 1111/j. 1365‑ 
2826. 2009. 01856.x

 36. Samuel GO, Eunice OOD, Damilare OL, Bankole OO (2020) Chronic expo‑
sure of adult male Wistar rats to bisphenol A causes testicular oxidative 
stress: role of Gallic acid. Endocr Regul 54(1):14–21. https:// doi. org/ 10. 
2478/ enr‑ 2020‑ 0003

 37. Sohrab K, Farideh F, Fahimaeh A, Gholam AJ, Ali AM (2016) Histopathol‑
ogy and histomorphometric investigation of Bisphenol A and nonylphe‑
nol on the male rat reproductive system. N Am J Med Sci 8(5):215–221. 
https:// doi. org/ 10. 4103/ 1947‑ 2714. 183012

 38. Tian J, Ding Y, She R, Ma L, Du F, Xia K, Chen L (2017) Histologic study 
of testis injury after Bisphenol A exposure in mice: direct evidence for 
impairment of the genital system by endocrine disruptors. Toxicol Indust 
Health 33:36–45. https:// doi. org/ 10. 1177/ 07482 33716 658579

 39. Toyama Y, Suzuki‑Toyota F, Maekawa M, Ito C, Toshimori K (2004) Adverse 
effects of bisphenol A to spermiogenesis in mice and rats. Arch Histol 
Cytol 67(4):373–81. https:// doi. org/ 10. 1679/ aohc. 67. 373

 40. Tushara V, Dipty S, Geeta RV, Rohit VD, Vikas DD (2017) Bisphenol 
A‑induced ultrastructural changes in the testes of common marmoset. 

https://doi.org/10.3923/ajava.2016.653.664
https://doi.org/10.3923/ajava.2016.653.664
https://doi.org/10.4314/tjpr.v18i10.22
https://doi.org/10.4314/tjpr.v18i10.22
https://doi.org/10.1016/s0076-6879(84)05016-3
https://doi.org/10.1016/s0076-6879(84)05016-3
https://doi.org/10.5829/idosi.gv.2015.14.02.9332
https://doi.org/10.1007/s10343-019-00483-5
https://doi.org/10.4103/jhrs.JHRS_150_18
https://doi.org/10.4103/jhrs.JHRS_150_18
https://doi.org/10.5935/1518-0557.20190019
https://doi.org/10.5935/1518-0557.20190019
https://doi.org/10.1007/s11356-019-04578-4
https://doi.org/10.1007/s11356-019-04578-4
https://doi.org/10.22270/jddt.v9i4-s.3359
https://doi.org/10.1155/2019/3732687
https://doi.org/10.1016/j.nefroe.2016.01.009
https://doi.org/10.1016/j.nefroe.2016.01.009
https://doi.org/10.1177/0300985813505114
https://doi.org/10.1177/0300985813505114
https://doi.org/10.1007/s10973-020-09725-5
https://doi.org/10.1007/s10973-020-09725-5
https://doi.org/10.9734/ARRB/2017/34318
https://doi.org/10.9734/ARRB/2017/34318
https://doi.org/10.1016/j.reprotox.2017.12.002
https://doi.org/10.1016/j.reprotox.2017.12.002
https://doi.org/10.1080/10520295.2018.1493222
https://doi.org/10.17877/DE290R-127
https://doi.org/10.17877/DE290R-127
https://doi.org/10.1016/j.tips.2010.12.002
https://doi.org/10.7150/ijbs.2.23
https://doi.org/10.7150/ijbs.2.23
https://doi.org/10.1016/j.chemosphere.2020.129445
https://doi.org/10.1016/j.ajme.2017.09.001
https://doi.org/10.5455/njppp.2016.6.0205423032016
https://doi.org/10.1186/s41936-018-0015-9
https://doi.org/10.1186/s41936-018-0015-9
https://doi.org/10.4103/1947-2714.183012
https://doi.org/10.1111/and.13561
https://doi.org/10.1111/and.13561
https://doi.org/10.1093/TOXSCI/KFP024
https://doi.org/10.1016/j.etap.2014.02.003
https://doi.org/10.1016/j.etap.2014.02.003
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.1007/978-1-60761-756-3_18
https://doi.org/10.1007/978-1-60761-756-3_18
https://doi.org/10.1111/j.1365-2826.2009.01856.x
https://doi.org/10.1111/j.1365-2826.2009.01856.x
https://doi.org/10.2478/enr-2020-0003
https://doi.org/10.2478/enr-2020-0003
https://doi.org/10.4103/1947-2714.183012
https://doi.org/10.1177/0748233716658579
https://doi.org/10.1679/aohc.67.373


Page 13 of 13Osman et al. Beni-Suef Univ J Basic Appl Sci           (2022) 11:45  

Indian J Med Res 146(1):126–137. https:// doi. org/ 10. 4103/ ijmr. IJMR_ 927_ 
15

 41. Wesam K, Farokhipour M, Asadzadeh Z, Damoon AL, Majid A (2016) The 
role of medicinal plants in the treatment of diabetes: a systematic review. 
Electron Physician 8(1):1832–1842. https:// doi. org/ 10. 19082/ 1832

 42. Zaki MSA, Haidara MA, Heitham M, Asim A, Massoud EES, Eid RA (2020) 
Antioxidant activity of selenium on Bisphenol‑A induced apoptosis and 
testicular toxicity of albino rats. Int J Morphol 38(6):1786–1796. https:// 
doi. org/ 10. 4067/ S0717‑ 95022 02000 06017 86

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.4103/ijmr.IJMR_927_15
https://doi.org/10.4103/ijmr.IJMR_927_15
https://doi.org/10.19082/1832
https://doi.org/10.4067/S0717-95022020000601786
https://doi.org/10.4067/S0717-95022020000601786

	Costus root extract improves testicular toxicity of Bisphenol A in adult male albino rats: histopathological, ultrastructural and biochemical studies
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	1 Background
	2 Methods
	2.1 Preparation of costus root extract
	2.2 Chemicals
	2.3 Animals and experimental design
	2.4 Ethical considerations
	2.5 Biochemical evaluation
	2.5.1 Tissue homogenization preparation
	2.5.2 Enzyme activity assays
	2.5.3 ELISA serum hormonal assays
	2.5.4 Histopathological examination
	2.5.5 Immunohistochemistry staining, detection of P53 apoptotic markers

	2.6 Analysis of statistics

	3 Results
	3.1 Biochemical findings
	3.2 Hormonal assay
	3.3 Histopathological results findings by light microscope
	3.4 Immunohistochemical staining for P53
	3.5 Ultrastructural study

	4 Discussion
	4.1 Histopathology
	4.2 Ultrastructural study

	5 Conclusions
	Acknowledgements
	References


