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ABSTRACT: Endocrine Disrupting chemicals including bisphenols have contaminated the 
environment significantly and is known to damage spermatogenesis via increase in oxidative 
stress. The anti-oxidant properties of naturally occurring substances like curcumin have been 
well established. Objectives: To evaluate the protective effects of curcumin against bisphenol-A 
induced testicular damage. Study Design: Experimental Study. Setting: Department of 
Anatomy, University of Health Sciences, Lahore. Period: From March 2015 to December 
2015. Material & Methods: Thirty six rats were divided into four groups A, B, C and D of 9 
animals each. Group A (control) was given 5ml/kg/day of corn oil orally for 10 days. Group 
B (Bisphenol-A) was given 100mg/kg/day of Bisphenol-A dissolved in corn oil orally for 10 
days. Group C (recovery) was given 100mg/kg/day of BPA dissolved in corn oil orally for 10 
days and left untreated for 10 days. Group D (Curcumin + BPA) was given 100mg/kg/day of 
BPA and 100mg/kg/day of Curcumin, dissolved in corn oil orally for 10 days. Rats of group 
A, B and D were sacrificed on day 11 and those of group C on day 21. After weighing the 
euthanized rats, testes were removed, processed and tissue sections were stained with H&E for 
Johnson scoring and with PAS stain for assessment of basement membrane integrity. Results: 
Bisphenol-A administration caused a significant decrease in weight of animals, a significantly 
low Johnson score of seminiferous tubules and high frequency of disrupted basement 
membranes of the tubules in Group B as compared to control. The weight gain of animals 
improved in the with-drawl group C while no self-recovery was observed in other parameters. 
Curcumin co-administration improved the body weight gain of animals, increased the Johnson 
scoring of tubules significantly and partially restored the basement membrane integrity in group 
D, comparable to the control group. Conclusion: The results of this study indicate that co-
administration of a potent antioxidant curcumin causes a significant antagonism of the histo-
toxicity of testis produced by Bisphenol-A in albino rats.
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INTRODUCTION
Infertility affects 15% of couples worldwide with 
male attribution of 20-30% solely, females of 
50% and 20-30% due to both sexes combined 
according to data collected from infertility clinics 
of developed countries.1 An emerging group of 
pollutants called Endocrine disruptors (EDs) are 
now well known for being a significant cause of 
deterioration of reproductive health.2

Bisphenol-A (BPA), one of the xenoestrogenic 
EDs, is a synthetic organic substance produced in 
large amounts every year.3 It is used in production 
of plastic goods and lining resin of food cans. 

Through these daily-use products, it is absorbed 
in human bodies via oral as well as cutaneous 
route.4 Human exposure to BPA was quantified 
as significantly high by measuring urinary BPA 
concentration.5 BPA was also found to be present 
in all environmental and personal media of pre-
school children like food, toys etc.6

BPA is now known to bind to estrogen receptors 
(α and β) and mimic the actions of endogenous 
estrogen.7 Animal based studies showed that 
BPA can also increase oxidative stress in various 
tissues and may damage vital organs like liver, 
kidneys and gonads.8 Deteriorative changes in 
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weight, behavior, sexual maturation, mammary 
gland, testis and prostate have been reported in 
various studies emphasizing the hazardous effect 
of the pollutant on reproductive health.9

Most in vivo studies showed detrimental effects 
of BPA on spermatozoa especially during their 
developmental period via DNA damage10, DNA 
methylation11, increased oxidative stress12 and 
increased ER (endoplasmic reticulum) stress.13

Curcumin, an active polyphenolic yellow-colored 
component of an ancient spice Turmeric, has 
been a part of aboriginal medicaments especially 
in South Asian countries.14 Studies showed 
therapeutic effects of curcumin as anticancer, 
anti-inflammatory and antioxidant remedy.15,16 As 
BPA has been associated with increased oxidative 
stress, employing the use of a potent antioxidant 
like curcumin may prove beneficial. The present 
study has, therefore, been designed to evaluate 
the protective effect of curcumin against BPA-
induced reprotoxicity in male albino rats.

MATERIALS AND METHODS
Animals
The study was experimental and included thirty 
two rats of age 6 to 8 weeks and weight 180-
200gm were procured from the Animal house 
of University of Health Sciences, Lahore. The 
initial body weight was noted while marking the 
animals with numbers and randomly dividing 
them in four groups of nine rats each. The animals 
were allowed to acclimatize for 2 days before 
conducting experiment. Free access to water and 
food was provided at room temperature (24o±5o) 
and normal conditions of humidity (45% ±5%).
The dosage was administered at 10 am daily.

Group A (control): rats were given 5ml/kg/day of 
corn oil daily for 10 days by oral gavage.

Group B (BPA): rats were given 100mg/kg/day of 
BPA dissolved in corn oil daily for 10 days by oral 
gavage.

Group C (BPA with-drawl): rats were given 
100mg/kg/day of BPA dissolved in corn oil daily 
for 10 days by oral gavage and left untreated for 

10 days.

Group D (BPA & curcumin): rats were given 
100mg/kg/day BPA and 100mg/kg/day of 
curcumin, each dissolved in corn oil daily for 10 
days by oral gavage.

DISSECTION
At the end of experimental duration, the animals 
were weighed and then euthanized. The pair of 
testes of each rat was dissected out, weighed 
and fixed in Buoin’s solution. Tissue processing 
was done in automated processor and 4µm thick 
sections were cut. H&E stained sections were 
examined to assess the Johnson score of tubules. 
PAS staining was done to examine the basement 
membranes of seminiferous tubules.

Statistical Analysis
The data was entered and analyzed using SPSS 
version 21. Quantitative parameters like body 
weights and Johnson scoring were analyzed 
using one way ANOVA or Kruskal Wallis test 
among groups and pair-wise comparison was 
done by using post-hoc Turkey and Mann Whitney 
U tests. The qualitative parameters like basement 
membrane integrity was analyzed using Fischer’s 
Exact test.

Frequencies and percentages were given for 
the parameter of basement membrane and 
mean with standard deviation or standard error 
of means were given for the body weight and 
Johnson score. P-value ≥ 0.05 was considered 
statistically significant.

RESULTS
The rats were assessed for behavior, appetite 
and growth. Animals of group A were healthy 
with normal feed and behavior. Group B and C 
rats showed irritability and decreased appetite 
but in group C, the appetite of animals started 
improving after with-drawl of BPA. Group D rats 
showed irritability but due to normal appetite, they 
remained healthy throughout the experiment.

Body Weight (gm) of Rats at the Start and end 
of Experiment
Mean body weight (gm) at the beginning of 
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experiment was 180.22 ± 5.86, 185.22 ± 5.98, 
182.00 ± 4.18 and 185.94 ± 9.20 among groups 
A, B, C and D respectively (Table-I and bar chart 
in Figure-1). There was no statistically significant 
difference among groups (p-value = 0.06)

Mean body weights (gm) of rats at 11th day 
of groups A, B, C and D were 198.71 ± 22.13, 
177.78 ± 10.55, 191.5 ± 10.08 and 212.06 ± 
08.68 respectively. One way ANOVA showed 
statistically significant difference in body weights 
of animals with p-value = 0.001 (Table-II and 
Figure-2).

Multiple comparison of mean final body weights 
of animals among groups was done by using 
post-hoc Tukey HSD test (Table-III). The statistical 
difference observed between group A and B was 
significant (p-value = 0.016), between group 
B and D was very highly significant (p-value = 
0.001) and between group C and D was significant 
(p-value = 0.018). There was insignificant result 
between group A and C (p-value = 0.693), 
between group A and D (p-value = 0.197) and 
between group B and C (p-value = 0.178).

Johnson’s Score
The scoring of seminiferous tubules observed in 
groups A, B, C and D was 9.40 ± 0.15, 5.25 ± 
0.12, 6.42 ± 0.13 and 8.29 ± 0.11 respectively. 
One way ANOVA showed significant difference 
among groups (p-value = 0.001) as shown in 
Table-IV and bar chart given in Figure-3.

Multiple comparison was done by post-hoc 
Tukey HSD test. The statistical difference was 
very highly significant between groups A and 

B (p-value = 0.001), groups A and C (p-value 
= 0.001), groups A and D (p-value = 0.001), 
groups B and C (p-value = 0.001), groups B and 
D (p-value = 0.001) and groups C and D (p-value 
= 0.001). All data and observations are shown in 
Table-V, Figure-4 for group A, Figure-5 for group 
B, Figure-6 for group C and Figure-7 for group D.

Basement Membrane Integrity
Frequencies and percentages of the three grades 
of basement membrane integrity was calculated 
and data was represented as bar chart as shown 
in Figure-8 and Table-VI.

In group A, Out of 225 seminiferous tubules, 150 
tubules showed normal basement membrane, 
54 tubules showed ruffled basement membranes 
and 17 tubules showed disrupted basement 
membranes (Figure-8 and 9)

In group B, Out of 225 seminiferous tubules, 64 
tubules showed normal basement membranes, 
83 tubules showed ruffled basement membranes 
and 78 tubules showed disrupted basement 
membranes (Figure-8,10-11).

In group C, out of 225 seminiferous tubules, 73 
tubules showed normal basement membranes, 
94 tubules showed ruffled basement membranes 
and 58 tubules showed disrupted basement 
membranes (Figure-8,12). 

In group D, 90 tubules showed normal basement 
membranes, 76 tubules showed ruffled basement 
membranes and 59 tubules showed disrupted 
basement membranes. (Figure-8,13).

Groups A B C D P-Value
Mean ± SD 180.22 ± 5.86 185.22 ± 5.98 182.00 ± 4.18 185.94 ± 9.20

0.06
Median (IQR) 179.00 

(177.00-180.75)
185.00 

(180.75-187.75)
184.00 

(177.75-185.00)
183.00 

(180.50-187.25)
Table-I. Comparison of mean body weight (gm) of rats at the start of experiment among groups (n=9)

*p ≤ 0.05 as statistically significant value

Parameter Group A
(Mean ± SD)

Group B
(Mean ± SD)

Group C
(Mean ± SD)

Group D
(Mean ± SD) P-Value

Mean body weight (gm) at the 11th day 198.71 ± 22.13 177.78 ± 10.55 191.5 ± 10.08 212.06 ± 08.68 0.001*
Table-II. One way ANOVA showing comparison of mean body weight (gm) of rats at the 11th day of experiment 

among group A, B, C and D (n=9)                 *p ≤ 0.05 as statistically significant value
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Group I Group J Mean Difference Standard Error of Mean P-value

A
B 20.933 6.563 0.016*
C 7.211 6.563 0.693
D -13.344 6.563 0.197

B
A -20.933 6.563 0.016*
C -13.722 6.563 0.178
D -34.278 6.563 0.001*

C
A -7.211 6.563 0.693
B 13.722 6.563 0.178
D -20.556 6.563 0.018*

D
A 13.344 6.563 0.197
B 34.278 6.563 0.001*
C 20.556 6.563 0.018*

Table-III. Multiple comparison of mean weight (gm) of rats at the 11th day of experiment among groups A, B, C and D
*p-value ≤ 0.05 as statistically significant

Parameter Group A
(Mean ± SD)

Group B
(Mean ± SD)

Group C
(Mean ± SD)

Group D
(Mean ± SD) p-value

Mean Johnson’s score of seminiferous 
tubules 9.40 ± 0.15 5.25 ± 0.12 6.42 ± 0.13 8.29 ± 0.11 0.001*

Table-IV. One way ANOVA showing comparison of mean Johnson score among all groups (n=9)
*p-value ≥ 0.05 considered as significant

Group (I) Group (J) Mean Difference (I-J) Standard Error of Mean P-Value**

A
B 4.16 0.06 0.001*
C 2.98 0.06 0.001*
D 1.11 0.06 0.001*

B
A -4.16 0.06 0.001*
C -1.18 0.06 0.001*
D -3.05 0.06 0.001*

C
A -2.98 0.06 0.001*
B 1.18 0.06 0.001*
D -1.87 0.06 0.001*

D
A -1.11 0.06 0.001*
B 3.05 0.06 0.001*
C 1.87 0.06 0.001*

Table-V. Multiple comparison of mean Johnson score among all groups
*p-value ≤ 0.05 as statistically significant             ** Tukey’s post-hoc test

Groups
Basement membrane Integrity

Total Tubules P-Value*
Normal n (%) Ruffled n (%) Disrupted n (%)

A 154 (68.4%) 54 (24.0%) 17 (7.6%) 225 (100%)

0.001*
B 64 (28.4%) 83 (36.9%) 78 (34.7) 225 (100%)
C 73 (32.4%) 94 (41.8%) 58 (25.8%) 225 (100%)
D 90 (40.0) 76 (33.8%) 59 (26.2%) 225 (100%)

381 307 212 900
Table-VI. Number and percentages of seminiferous tubules showing normal, ruffled and disrupted basement 

membranes *p-value ≤ 0.05 considered as significant
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Figure-1. Box plot showing comparison of mean body 
weight (gm) of animals at the start of experiment as 
median and interquartile range among all groups (n=9)

Figure-4. Photomicrograph of testis from group A 
showing a Johnson score of 10. Spermatogonia (SG), 
Primary Spermatocytes (PS), Round Spermatids (RS), 
Elongated Spermatids (ES) and Spermatozoa (SZ) are 
different stages of spermatogenesis seen in addition to 
Sertoli Cells (SC). H&E stain. X400

Figure-5. Photomicrograph of testis from group B 
showing a Johnson score of 5. Spermatogonia (SG) 
and Primary Spermatocytes (PS) are seen along with 
sloughing and disruption of seminiferous epithelium. 
H&E stain. X400

Figure-2. Bar chart showing comparison of mean weight 
(gm) of rats at the end of 11th day of experiment among 
groups A, B, C and D (n=9)

Figure-3. Bar charts showing comparison of mean 
Johnson score among groups A, B, C and D (n=9)

5
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DISCUSSION
Male infertility has increased worldwide.17 BPA, 
a synthetic carbon based plasticizer is now well 
known for its hazardous effects on male fertility.18 
The current study was designed to assess the 
acute high dose effects of BPA on testicular tissue 
of rodents.

The body weight of rats did not differ from each 
other in the beginning of the experiment. Ten 
days after the start of the experiment when the 
feeding of BPA and BPA with curcumin was 
terminated, the animals were weighed again and 
the mean weights of the animals among groups 
were significantly different (p<0.001). 

Figure-6. Photomicrograph of testis from group C 
showing a Johnson score of 7. Sertoli cells (SC), 
Spermatogonia (SG), Primary Spermatocytes (PS), 
Round Spermatids (RS) are identified in this section. 
H&E stain. X400

Figure-8. Bar Chart showing number of seminiferous 
tubules of rats in each group with normal (blue bars), 
ruffled (green bars) and disrupted (off-white bars) 
basement membrane of seminiferous tubule.

Figure-9. Photomicrograph of seminiferous tubule from 
testis of group A rat showing regular, normal basement 
membrane (arrow). PAS stain. X400

Figure-7. Photomicrograph of testis from group 
D showing a Johnson score of 9. All stages of 
spermatogenesis are seen along with Sertoli cells (SC). 
Spermatogonia (SG), Primary Spermatocytes (PS), 
Round spermatids (RS) and Elongated spermatids (ES) 
are seen in the epithelium. Spermatozoa (SZ) are seen in 
lumen. H&E stain. X400

6
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Observations in this study were suggestive of two 
reasons, the slower growth of animals given BPA 
only and faster growth of animals given BPA with 
curcumin. When growth per day was calculated for 
all the groups during 10 days of the experiment, it 
was; 1.02, 0.402 and 1.41 g/day in groups A, B and 
D. These figures clearly showed that BPA slows 
down gain in body weight. Curcumin protected 
the organism from the negative effects of BPA as 
the increase in weight per day (1.412 g/day) was 
the highest in the group D. Improved weight gain 
by intake of curcumin in rats after toxic injury was 
similar to other studies, the results were better 
than the control group as in the present study.19 
Kazemi et al. (2016) showed that BPA, in doses 

as low as 5, 25 and 125µg given for 35 days in 
adult albino rats, decreased the body weights of 
animals significantly and disrupts the morphology 
of testes. The decrease in weight was associated 
with decrease appetite in these animals.20

The group C was allowed to continue for another 
10 days in order to know the withdrawal effects 
of BPA. The weight data points out that rats grew 
quite faster than the previous 10 days when they 
were having BPA. It also points to the fact that 
BPA impacts negatively on rat weight and brings a 
faster increase of weight gain per day afterwards 
owing to the fact that the appetite of the animals 
improved after with-drawl.

Figure-10. Photomicrograph of seminiferous tubule 
from testis of group B rat showing disrupted basement 
membrane (arrow). PAS stain. X400

Figure-12. Photomicrograph of seminiferous tubule from 
testis of group C rat elucidating ruffled (R) and disrupted 
(D) basement membrane (arrows). PAS stain. X400

Figure-11. Photomicrograph of seminiferous tubule 
from testis of group B rat elucidating ruffled basement 
membrane (arrow). PAS stain. X400

Figure-13. Photomicrograph of seminiferous tubule 
from testis of group D rat elucidating regular basement 
membrane (arrow). PAS stain. X400

7
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Spermatogenesis was greatly affected in group B 
animals given BPA as established by decreased 
Johnson scoring in which is similar to the work 
of other studies. It was also established that free 
radicals produced by BPA cross blood testis barrier 
and also effect the stages of spermatogenesis 
directly.21 Disruption of seminiferous epithelium 
was also seen at low dose of BPA (5mg/kg/
day) when given to prenatal mice. There was 
associated down-regulation of the expression of 
those genes in testis which predict repro-toxicity 
of this low dose of BPA.22

In the present study, the group D which was 
given BPA and curcumin together, showed 
improved Johnson score showing that curcumin 
protected all stages of spermatogenesis. Some 
improvements were also seen in group C after 
withdrawal of BPA however, these improvements 
were considerably low as compared to the 
effect of adding of curcumin. These results 
suggested that the damage caused by the direct 
and indirect effect of increased oxidative stress 
of this plasticizer can be controlled via adding 
antioxidants like curcumin. Similar protective 
effect of curcumin on spermatogenesis was 
observed in sodium arsenite-induced testicular 
damage.23

BPA treated rat testis showed damage and 
disruption of the basement membrane around 
seminiferous tubules and Curcumin treated rat 
testis showed a significant improvement in this 
parameter. Similar disruptive effects on basement 
membranes were seen by Di-octyl phthalate 
(a xenobiotic like BPA and restoration of the 
membranes was observed in animals fed on 
vitamin E (a potent anti-oxidant) together with the 
phthalate.24

Oxidative stress is one of the mechanism by 
which BPA produce significant damage to male 
reproductive organs and germ cells.25 All cellular 
membranes are damaged in increased oxidative 
stress mainly via phosphorylation and it may be 
considered the main mechanism through which 
BPA had caused deleterious effects on basement 
membranes of seminiferous tubules and this effect 
was counteracted by the antioxidant properties of 

curcumin.

CONCLUSION
The testicular histology was markedly deteriorated 
by exposure to the high dose of BPA as shown 
by significant decrease in Johnson score and 
increased disruption in basement membranes of 
the seminiferous tubules. Hence, it is concluded 
that high dose exposure of BPA given for short 
duration causes testicular toxicity in albino rats. 
Co-administration of curcumin restored the 
parameters emphasizing its antioxidant effect as 
mechanism of protection.

The study can further be investigated at cellular 
and genetic levels to understand the effects of 
BPA on male gonad.
Copyright© 15 Oct, 2019.
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