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Research Article

The Effect of Vitamin E on Testicular Histology and Antioxidant Level in Rats
Exposed to Bisphenol A
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ABSTRACT

This study, it was aimed to investigate the effect of vitamin E on testicular tissue and antioxidant levels in rats expo-
sed to Bisphenol A (BPA). Experimental animals were divided into five equal groups. At the end of the experiment,
the right testes were kept at -80 degrees to determine the antioxidant level, the left testes were fixed in Bouin’s
solution. In the microscopic examination, the general appearance of tubules seminiferous contours, epithelial layer,
the structure of basement membrane, Sertoli cells, Leydig cells, the structure of capillaries, and tunica albuginea
were examined. It was determined that the general histological appearances were similar in the control and sham
groups, there was a decrease in tubule diameter in the BPA-treated group, but the seminiferous tubular epithelial
layer increased. Epithelial shedding and subbasal vacuoles were detected in some tubules in the vitamin E group.
Undifferentiated Embryonic Cell Transcription Factor 1 (UTF-1) positive tubule and cell counts were found to be quite
high in the BPA group. The antioxidant parameter SOD value was found to be low in the BPA group and higher in
the Vitamin E group. It was noted that the MDA value was higher in the BPA-applied group compared to the other
groups. At the end of the study, it was determined that vitamin E applied against BPA exposure had positive effects
on testicular histology and antioxidant levels in testicular tissue.
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Bisfenol A'ya Maruz Kalan Ratlarda Vitamin E’nin Testis Histolojisi ve Antioksidan

Diizeyine Etkisi
OZET
Bu calismada Bisphenol A (BPA)’ya maruz birakilan ratlarda Vitamin E’nin testis dokusu ve antioksidan diizeyleri Gze-
rine etkisinin arastirilmasi amaglanmistir. Deney hayvanlari bes esit gruba ayrildi. Deneyin sonunda sag testisler anti-
oksidan seviyesini belirlemek icin -80 derecede tutulurken, sol testisler Bouin sollisyonunda tespit edildi. Mikroskopik
incelemede tibdllerin genel goriiniimi, epitel tabakasi, bazal membran yapisi, Sertoli hiicreleri, Leydig hiicreleri,
kilcal damarlarin yapisi ve tunika albuginea incelendi. Kontrol ve sham gruplarinda genel histolojik gériiniimlerin ben-
zer oldugu, BPA uygulanan grupta tlbil caplarinda azalma oldugu ancak seminifer tiibller epitel tabakasinin arttigi
belirlendi. E vitamini grubunda bazi tlblillerde epitelyal dokiilme ve subbazal vakuoller tespit edildi. BPA grubunda
farklilasmamis Embriyonik Hiicre Transkripsiyon Faktord 1 (UTF-1) pozitif tibdl ve hiicre sayilari oldukga yiksek bu-
lundu. Antioksidan parametre SOD degeri BPA grubunda distik, vitamin E grubunda daha yuksek bulundu. BPA uy-
gulanan grupta MDA degerinin diger gruplara goére daha yiksek oldugu gorildi. Calisma sonunda BPA maruziyetine
karsi uygulanan E vitamininin testis histolojisine ve testis dokusundaki antioksidan diizeylerine olumlu etkileri oldugu
belirlendi.
Anahtar kelimeler: BPA, histoloji, rat, testis, vitamin E
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Introduction

Bisphenol A(BPA), which is defined as an endocrine-dis-
rupting chemical due to its low steroid-like properties
such as polychlorobiphenyls and dioxins, was first used
in pharmacy (Robins et al., 2011). Today, it has been wi-
dely used in many products such as the plastic industry,
construction materials, dental fillings, and toy and beve-
rage cans (Noda et al., 1999).

Studies have shown that BPA affects metabolism and en-
zyme activity in tissues, and it also disrupts the endocri-
ne system by causing changes in hormone receptor gene
activity and several receptors in target tissues (Richter
et al., 2007). BPA acts in vivo by altering DNA methyla-
tion with enzyme activity and mimicking estrogen and
may cause male infertility or spermatogenesis errors and
metabolic disorders. Because the testicular tissue is rich
in polyunsaturated fatty acids, it is easily affected by oxi-
dative stress. Oxidative damage in the tissue and deteri-
oration of sperm functions can cause infertility (Manfo
et al,, 2014).

Vitamin E is found in membrane-rich cell structures such
as mitochondria and microsomes in tissues. Located
between the lipid layers of the membranes, it forms the
first line of defense that protects the polyunsaturated
fatty acids in the structure of phospholipids from the ef-
fects of free radicals (Gupta et al., 2005). It is stated that
vitamin E maintains spermatogenesis opposite oxidative
stress and rise male fertilization potential (Hasanin et al.,
2018). A chemical substance exposed in any period of life
can have negative effects on the histological structure of
the testis. This study, it was aimed to investigate the ef-
fect of vitamin E on testicular histology, spermatogonial
stem cells, and antioxidant levels in testicular tissue aga-
inst BPA toxicity in testicles.

Materials and Methods
Animals and experimental design

Forty adult male Wistar albino rats (240-270 g/90 days
old) were used as material in the study. The rats were fed
with water and fed ad libitum under conventional con-
ditions in 12 hours of light/ 12 hours of darkness during
the study. The material rats were divided into five groups
with eight animals in each group. 1st Group (Control
group): no application was made. Group 2 (Sham group):
0.5 ml corn oil was applied by gavage for three weeks.
Group 3 (BPA group): BPA (Sigma-Aldrich) dissolved in
0.5 ml corn oil was applied at a dose of 10 mg/kg/day for
three weeks (El-Beshbishy et al., 2012). Group 4 (Vitamin
E group): Vitamin E (DL-a-tocopherol acetate, Merck)
dissolved in 0.5 ml corn oil was applied at a dose of 300
mg/kg/day for three weeks (Kum et al., 2013). Group
5 (Vitamin E + BPA group): vitamin E (300 mg/kg/day)
+ BPA (10 mg/kg/day) dissolved in 0.5 ml corn oil was
administered to the animals for three weeks. The pro-
cedure was arranged by ethical rules (Ethics Committee
Approval Decision No: 64583101/2014/023).

Histological and histochemical methods

At the end of the applications, the rats were anesthetized
with xylazine ketamine and killed by cervical dislocation,
then their testicles were removed. While the right tes-
tes were stored at -80 °C to determine their antioxidant
levels, the left testes were fixed in Bouin’s solution. It is
blocked in paraffin. Eight serial sections of 6 p thickness
were taken from the prepared paraffin blocks at 300 p
intervals. Crossman triple staining method and PAS (Peri-
odic acid Schiff reagent) method was applied to determi-
ne histological, histochemical, and histometric changes
on serial sections. The tubules’ seminiferous contours in
each section were investigated epithelial vacuolization,
subbasal vacuolization, and epithelial eluded. Obtained
changes were scored semi-quantitatively and subjecti-
ve scoring was done according to the images. (-:None,
+:Low, ++:Moderate, +++:High).

Determining histometric changes

Eight round or nearly round stages of the 7th and 8th
tubules were randomly selected for each section. The di-
ameter and height of the 7th and 8th stage tubules were
measured and recorded regarding seminiferous epitheli-
um. Interactive measurements were made with the help
of the Olympus cellSens Entry image analysis program
and the Olympus BX43F research microscope.

Determination of spermatogonial stem cells

The avidin-biotin staining method was used to examine
spermatogonial stem cells (van Bragt et al., 2008). For
this purpose, rabbit anti-UTF-1 polyclonal antibody (Rab-
bit anti-UTRF-1 polyclonal antibody, unconjugated, Bioss
bs-12207R) was used.

Biochemical methods

The methods specified in the commercial test kit (Ref.
Kot: A2300, Archem Health Ind. Co., Tiirkiye) were taken
into account in the determination of the total protein
amount and calculations. Antioxidant and oxidant para-
meters were determined in testicular tissue. Superoxide
dismutase (SOD) analysis was applied according to Sun
et al. (1988). Malondialdehyde (MDA) level in tissues was
done according to the method of Yoshioka et al. (1979).

Statistical analysis

SPSS® (Statistical Package for Social Sciences) for Win-
dows 22 (SPSS Inc., Chicago, IL, USA) package program
was used for statistical analysis of the obtained data. The
conformity of the data to the normal distribution was
evaluated using the Shapiro-Wilk test. The difference
between groups that did not show normal distribution
was assessed with the Kruskal-Wallis test and the diffe-
rence between groups that did show normal distribution
was assessed with the one-way ANOVA (Conover, 1980).
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Results
Histological findings

In the control group of rats, it was seen that the tubule’s
seminiferous contortus lumens were prominent, the tu-
bules were smooth, and the spermatogenetic epithelial
layer shaped a thick layer. It was observed that Sertoli
cells, located between the spermatogonia, were seated
on the basement membrane. Single or groups of Leydig
cells located close to the blood capillaries in the intertu-
bular space were detected. A single row of myofibroblast
cells was seen around the tubules (Figure 1A-B). Capillary
vessel structure was normal. Control and sham groups
had similar histological appearances. In the BPA-treated
group, it was noted that the diameter of the tubules dec-
reased but the seminiferous tubular epithelial layer inc-
reased compared to the other groups. While shedding in
the epithelial layer of the tubules and vacuoles located
close to the basal area were observed in places (Figu-
re 1C-D). Tubules with partially irregular contours were
seen (Figure 1E). There was no difference between the
groups in the basement membrane structure surroun-
ding the tubules. It was noted that some tubules were
separated from the basement membrane (Figure 1F). It

was observed that germ cells were poured into the tubu-
le lumen in any tubules (Figure 1G). Epithelial eluded and
subbasal vacuoles were also observed in some tubules
in the vitamin E group (Figure 1H-l). The general histo-
logical appearance was smoother in the group in which
vitamin E was administered together with BPA when
compared to the group with BPA. However, some tubu-
les were found to have irregular-shaped vacuoles close
to the basement membrane (Figure 1K).

Histological and histometric changes

Histological findings are given in Table 1. During the 7th
and 8th stages seminiferous tubular epithelial height and
seminiferous tubule diameter of the control and experi-
mental groups are dedicated in Table 2.

When tubule diameter values were investigated, it was
determined that there was a statistically important dif-
ference (P=0.023). This differences between the control
group and the BPA group (P=0.012), between the sham
group and the BPA group (P=0.041), between the BPA
group and the vitamin E group (P=0.003), and betwe-
en the vitamin E group and the BPA+vitamin E group
(P=0.018) were as found to be statistically important.
When evaluated in terms of epithelial height, no statisti-

Figurel A. General histological appearance of testicular tissue of the control group. TSC: Seminiferous tubules. Arrowhead: Leydig cells. Triple
stain. B. Control group. The image of seminiferous tubules. Sc: Seminiferous epithelium. Arrow: Sertoli cell. *: Myofibroblast cells. Triple stain.
C.D. The image of seminiferous tubules in the BPA group. Arrow: Epithelial shedding *: Vacuoles. Triple stain.
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Figurel.

E.F. The image of seminiferous tubules in the BPA group. *: Tubules with irregular contours. Arrowhead: Tubules separated from the basement

membrane. PAS

G. The image of seminiferous tubules in the BPA group.*: Germ cells shedding. Ta: Tunica albuginea. PAS
H.l. The image of seminiferous tubules in the vitamin E group. *: Epithelial shedding. Arrowhead: Vacuole. Triple stain.
K. The image of seminiferous tubules in the BPA group + vitamin E group. Arrowhead: Vacuole. Triple stain.

cally important difference was found between the expe-
rimental groups.

Immunohistochemical findings

The count of positive tubules and the count of positive
cells were determined in three sections of each animal.
The data is given in Table 3. The count of UTF-1 positive
tubules and cells was found to be quite high in the group

given BPA. This difference was also statistically signifi-
cant. Although the positive tubule count was slightly hig-
her in the sham group than in the control, vitamin-E, and
BPA+ Vitamin-E groups, it was not statistically important.
In terms of the number of positive cells, it was observed
that the other groups were similar to each other except
for the group with BPA (Figure 2).
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Table 1. Histological changes

Groups Subbasal Epithelial Epithelial Germ cells shedding into the

P Vacuolization Vacuolization Shedding tubular lumen

Control = - -

Sham - - -

BPA ++ + +

Vit-E + - -

BPA+Vitamin E + - -

-:None, +:Low, ++:Moderate, +++:High

Histological changes determined as semi-quantitative were assessed with Kruskal-Wallis analysis of variance.

Table 2. Diameter of seminiferous tubules and epithelial height of seminiferous tubules.

Groups Diameter of seminiferous tubules (um) Epithelial height of seminiferous tubules (um)
Control 67.58+1.86% 276.18+11.56

Sham 67.51+1.07% 254.65+13.34

BPA 62.71+1.68¢ 286.71+7.81

Vitamin E 69.40+1.23° 282.00+10.39

BPA+Vitamin E 64.74+1.31% 260.60+10.19

P 0.023™ NS

NS: Not significant

2 Different letters in the same column indicate a statistically significant difference.

“Kruskall-Wallis
“ANOVA

Table 3. UTF-1 positive tubule and positive cell numbers

Groups Number of the positive tubule Number of the positive cell
Control 7.05+1.60° 6.64+1.99°

Sham 9.70+2.40° 8.10+2.31°

BPA 15.23+0.93 21.77+4.57°
Vitamin E 6.95+0.48° 7.48+1.42°
BPA+Vitamin E 6.66+0.48° 8.29+0.87°

P 0.009" 0.032"

: Different letters in the same column indicate a statistically significant difference.

*:Kruskall-Wallis

Table 4. SOD (antioxidant) and MDA (oxidant) values in control and experimental groups.

Groups SoD MDA
(U/mg protein) (nmol/mg protein)

Control 5.78+0.90° 150.83+8.70"
Sham 4.94+0.52° 172.4249.15°
BPA 1.55+0.39¢ 206.08+4.42°
Vitamin E 13.81+1.71° 147.78+9.62°¢
BPA+Vitamin E 5.25+0.97° 163.63+4.61"
P 0.001" 0.001"

¢ Different letters in the same column indicate a statistically significant difference.

" Kruskall-Wallis
"“*ANOVA
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Biochemical findings

SOD and MDA values determined in testicular tissue

between control and experimental groups are dedicated
in Table 4.

Figure 2. Spermatogonial stem cells (Arrows). A. Control group B. Sham group. C-D. BPA group. E. Vitamin E group. F. BPA+Vitamin E group.

Avidin-Biotin Peroxidase.
Discussion

BPA has toxic effects on many organs such as the ner-
vous system, brain, lung, liver, kidney, and reproductive
system. In recent years, it has been stated that semen
quality, decrease in sperm density, disorders in the male
reproductive system, and infertility are increasing (Man-
fo et al., 2014). It has been reported that the semini-

ferous tubules lost their normal structures, the inters-
titium enlarged, spermatids accumulated in the tubule
lumen, and degenerated Sertoli cells with pycnotic nuc-
lei were observed in BPA-treated mice (Tolba and Man-
dour, 2018). It was found that BPA administered to mice
impairs spermatogenesis by damaging the connection
between the basal lamina of the seminiferous tubules
and Sertoli cells (Tian et al., 2017). In the present study,
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in the group given 10 mg/kg BPA, although severe findin-
gs were not observed, it was observed that BPA caused
irregularity in some of the tubules and caused vacuoles
in the epithelial layer and areas close to the basal. Epit-
helial detachments were also observed in some of the
tubules. It can be considered that the result is related to
the dose given.

The harmful effects of BPA are largely associated with its
estrogenic activity (Kurosawa et al., 2002). In mammals,
BPA binds and activates the two estrogen receptors ERa
and ERb, although it has an affinity 10,000 times wea-
ker than its natural ligand 17B-estradiol. It can also act
with the G-protein-coupled receptor (GPR30) acting on
a trans-membrane estradiol receptor (Amraoui et al.,
2018). Gules et al. (2019), it was found that tubular dia-
meter increased in BPA-treated rats checked to the cont-
rol group, but this rise was not statistically important and
the epithelial height in the experimental group reduced
statistically important checked to the others. It has been
reported that BPA given at a dose of 250 mg/kg for eight
weeks reduces the height of the epithelium (Malmir et
al.,,v 2021). In this study, while the diameter of the se-
miniferous tubule decreased in the group given BPA, the
height of the tubular epithelium was higher. This result
may depend on the dose and time used. The Vitamin E
group was similar to the control and sham groups. It has
been reported that vitamin E increased the diameter of
the seminiferous tubule in rats given sodium arsenide
(Momeni et al., 2012). It has been shown that vitamin E
increases the tubular diameter and decreased epithelial
height in rats in which oxidative damage has been indu-
ced by administering para-nonylphenol (Mehranjani et
al., 2009). In the presented study, it was noted that vita-
min E given with BPA slightly increased the diameter of
the tubule, but decreased the height of the epithelium.

Spermatogonial stem cells undergo self-renewal and dif-
ferentiation to maintain the continuity of spermatoge-
nesis throughout adulthood in men (Jung et al., 2014).
UTF-1 detected in spermatogonium A during testicular
development in rats can be expressed in all gonocytes in
embryonic and newborn testes (van Bragt et al., 2008).
It is also expressed in humans during gonadal develop-
ment and in the spermatogonia of the adult testis (Kris-
tensen et al., 2008). It has been suggested that UTF-1 is
a conserved molecule of undifferentiated spermatogo-
nia and may play a role as pluripotent transcription fa-
ctor in the self-renewal of spermatogonial base cells in
mammals and take part in spermatogonial regeneration
(van Bragt et al., 2008; Kristensen et al., 2008). Kristen-
sen et al. (2008) stated in their study that UTF-1 is inten-
sely expressed in germ cell tumors, therefore germ cell
tumors originate from spermatogonia. Saunders et al.
(2001) reported that estrogen has a direct effect on male
sex cells, while it has an inhibitory effect on Leydig and
Sertoli cells, it has a stimulating effect on germ cells. UTF-
1 is a protein associated with the differentiation of sper-
matogonial stem cells, bound to the N-terminal region
of ATF-2 (Mouallif et al., 2014). UTF-1 improves transc-

ription by acting as a co-activator to activate transcrip-
tion factor-2 (ATF-2) (Fukushima et al., 1998). Vrooman
et al. (2015) stated that spermatogonial stem cells were
adversely affected and sperm production decreased in
rats exposed to BPA. The decrease in sperm production
may be due to the suppression of ATF-2 by BPA via UTF-1
(Wu and Zheng, 2013). In the present study, an intense
increase in stem cells was detected in the group given
BPA. This increase is thought to be due to the estrogenic
effect of BPA. Increasing proof suggests that BPA may in-
teract with testicular germ cells and reason infertility as a
result of its estrogenic efficiency (Karmakar et al., 2017).
Eladak et al. (2018) noticed that while BPA reduced the
germ cells expressing pluripotent marker AP-2, it signifi-
cantly increased the percentage of those expressing the
spermatogonial marker MAGE-A4, which is highly exp-
ressed in human seminoma tumors.

In recent years, more notice has been drawn to oxida-
tive stress, which has been identified as an important
factor in male infertility and moderated by reactive oxy-
gen species and lipid peroxidation (Agarwal et al., 2013).
Studies have noticed that BPA reason oxidative stress by
disrupting the balance between excessive reactive oxy-
gen species and the antioxidant defense system in the
testis (Kabuto et al., 2004). There are many protective
ways and mechanisms such as SOD and GSH-Px in the
cell against damage caused by free radicals (Shen et al.,
2012). It is known that reactive oxygen species are pro-
duced by developing germ cells and spermatozoa during
spermatogenesis. These generated radicals are cleared
by a powerful antioxidant system that helps maintain the
balance between the antioxidant/oxidant system. SOD
is considered the first line of defense in this balance. It
converts reactive oxygen molecules to H20? and O? using
hydrogen ions. Malondialdehyde, which is widely used in
the evaluation of oxidative stress, is the end product of
lipid peroxidation (Bagis, 2013). A remarkable reduction
in SOD levels was observed in male mice treated with
BPA. Again, in the same study, it was reported that the
MDA level in the testis increased (Xie and Li, 2014). It
has been reported that BPA given to male rats causes a
decrease in antioxidant enzymes such as GSH, GSH-Px,
SOD, and catalase (El-Beshbishy et al., 2012). Amraoui
et al. (2018) displayed that BPA administered remarkab-
ly increased the MDA level, while 0.5 mg/kg Selenium +
100mg/kg vitamin E administered against it decreased
the MDA concentration compared to the group with
BPA. In this study, the antioxidant parameter SOD value
was found to be quite low in the BPA-treated experimen-
tal group, while it was found to be high in the vitamin
E-administered group. There was no statistical differen-
ce between the other groups. It was observed that the
MDA value was very high in the group with BPA. It is seen
that the findings are compatible with the findings of ot-
her researchers.

Conclusion

In this study, it was determined that BPA had negative ef-
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fects on the antioxidant levels in the testicular tissue and
on the histological structure of the testis. On the other
hand, it is seen that vitamin E provides an improvement
in the antioxidant level and improves the histological ap-
pearance. Attention should be drawn to the use of such
chemical substances against the increasing male inferti-
lity problems in our age, and new studies should be con-
ducted to solve the problem.

Acknowledgments

This research article was summarized from the first aut-
hor’s master thesis. Additionally, the authors would like
to acknowledge Prof. Dr. Murat BOYACIOGLU, Depart-
ment of Pharmacology and Toxicology, Faculty of Vete-
rinary Medicine, Aydin Adnan Menderes University, for
the evaluation of the oxidant-antioxidant parameters.
The current work was financially supported by the Scien-
tific Research Projects of Aydin Adnan Menderes Univer-
sity, Project No. VTF-150037.

Conflict of Interest

The authors declare that they have no conflict of interest.
All applicable international, national, and/or institutional
guidelines for the care and use of animals were followed.

References

Agarwal, A., Makker, K., & Sharma, R. (2008). Clinical relevance of
oxidative stress in male factor infertility: an update. American
Journal of Reproductive Immunology, 59(1), 2-11. https://doi.
org/10.1111/j.1600-0897.2007.00559.x

Amraoui, W., Adjabi, N., Bououza, F., Boumendjel, M., Taibi, F.,
Boumendjel, A., Abdennour, C., & Messarah, M. (2018). Modulatory
Role of Selenium and Vitamin E, Natural Antioxidants, against
Bisphenol A-induced Oxidative Stress in Wistar Albinos Rats.
Toxicological Research, 34(3), 231-239. https://doi.org/10.5487/
TR.2018.34.3.231.

Bagig, M. (2013). Kronik alkolik siganlarda olusan testis hasari lizerine
chrysin’nin koruyucu etkisinin histolojik olarak incelenmesi. PhD,
University of Osman Gazi, Eskisehir, Turkiye,

Conover, W.J. (1980). Practical nonparametric statistics (2nd ed.), Wiley
and Sons, Newyork,. p. 229-239.

Eladak, S., Moison, D., Guerquin, M.J., Matilionyte, G., Kilcoyne, K.,
N’Tumba-Byn, T., Messiaen, S., Deceuninck, Y., Pozzi-Gaudin, S.,
Benachi, A., Livera, G., Antignac, JP., Mitchell, R., Rouiller-Fabre, V.,
& Habert, R. (2018). Effects of environmental Bisphenol A exposures
on germ cell development and Leydig cell function in the human
fetal testis. PLoS One, 13(1):e01911934. https://doi.org/10.1371/
journal.pone.0191934.

El-Beshbishy, H.A., Aly, H.A., & El-Shafey, M. (2012). Lipoic acid
mitigates bisphenol a-induced testicular mitochondrial toxicity in
rats. Toxicology and Industrial Health, 29(10), pp.875-887. https://
doi.org/10.1177/0748233712446728.

Fukushima, A., Okuda, A., Nishimoto, M., Seki, N., Hori, TA., &
Muramatsu, M. (1998). Characterization of functional domains of
an embryonic stem cell coactivator UTF1 which are conserved and
essential for potentiation of ATF-2 activity. The Journal of Biological
Chemistry, 273(40), 25840-25849. https://doi.org/10.1074/
jbc.273.40.25840.

Gupta, S., Kumar, H., & Soni, J. (2005). Effects of Vitamin E and
selenium supplementation on concentrations of plasma cortisol
and erythrocyte lipid peroxides and the incidence of retained fetal
membranes in crossbred dairy cattle. Theriogenology, 64(6), 1273-
1276. https://doi.org/10.1016/j.theriogenology.2005.03.008.

Glles, 0., Yildiz, M., Naseer, Z., & Tatar, M. (2019). Effects of folic acid
on testicular toxicity induced by bisphenol-A in male Wistar rats.
Biotechnic and Histochemistry, 94(1), 26-35. https://doi.org/10.10
80/10520295.2018.1493222.

Hasanin, N.A., Sayed, N.M., Ghoneim, F.M., & Al-Sherief, S.A. (2018).
Histological and ultrastructure study of the testes of acrylamide
exposed adult male albino rat and evaluation of the possible
protective effect of vitamin E intake. Journal of Microscopy and
Ultrastructures, 6(1), 23-34. https://doi.org/10.4103/JIMAU.
JMAU_7_18.

Jung, H., Roser, JF., & Yoon, M. (2014). UTF1, a putative marker for
spermatogonial stem cells in stallions. PLoS ONE, 9(10), e108825.
https://doi.org/10.1371/journal.pone.0108825.

Kabuto, H., Amakawa, M., & Shishibori, T. (2004). Exposure to bisphenol
A during embryonic/fetal life and infancy increases oxidative
injury and causes underdevelopment of the brain and testis in
mice. Life Sciences, 74(24), 2931-2940. https://doi.org/10.1016/j.
1fs.2003.07.060.

Karmakar, P.C., Kang, H.G., Kim, Y.H., Jung, S.E., Rahman, M.S., Lee, H.S.,
Kim, Y.H., Pamg, M.G., & Ryu, BY. (2017). Bisphenol A effects on
the functional properties and proteome of testicular germ cells and
spermatogonial stem cells in vitro culture model. Scientific Reports,
7(1), 11858-11872. https://doi.org/10.1038/s41598-017-12195-9.

Kristensen, D.M., Nielsen, J.E., Skakkebaek, N.E., Graem, N., Jacobsen,
G.K., Rajpert-De Meyts, E., & Leffers, H. (2008). Presumed
pluripotency markers UTF-1 and REX-1 are expressed in human
adult testes and germ cell neoplasms. Human Reproduction, 23(4),
775-782. https://doi.org/10.1093/humrep/den010.

Kum, S., Eren, U., Korkmaz, D., Sandikci, M., & Aydemir, I. (2013). The
effects of Vitamin E on immunoglobulin-containing plasma cells in
gut-associated lymphoid tissue (GALT) of broilers under heat stress.
Veterinarija ir Zootechnika, 64(86),35-44.

Kurosawa, T., Hiroi, H., Tsutsumi, O., Ishikawa, T., Osuga, Y., Fujiwara, T.,
Inoue, S., Muramatsu, M., Momoeda, M., & Taketani, Y. (2002). The
activity of bisphenol depend on both the estrogen receptor subtype
and the cell type. Endocrine Journal, 49(4), 465-471. https://doi.
org/10.1507/endocrj.49.465.

Malmir, M., Mehranjani M.S., Faraji, T., & Samira, N. (2021). Antioxidant
effect of Vitamin E on the male rat reproductive system by a high
oral dose of Bisphenol-A. Toxicology Research and Application, 5(1),
https://doi.org/10.1177/23978473211005562.

Manfo, F.P.,, Jubendradass, R., Nantia, E.A., Moundipa, P.F., & Mathur,
P.P. (2014). Adverse effects of bisphenol A on male reproductive
function. Reviews Environmental Contamination and Toxicology,
228, 57-82. https://doi.org/10.1007/978-3-319-01619-1-3.

Mehranjani, M.S., Noorafshan, A., Momeni, H.R., Absoni, M.H.,
Mahmudi, M., Anvari, M., & Hoseini, S.M. (2009). Stereological
study of the effects of vitamin E on testis structure in rats treated
with para-nonylphenol. Asian Journal of Andrology, 11(4), 508-516.
https://doi.org/10.1038/aja.2009.29.

Momeni, H.R., Oryan, S., & Eskanderi, N. (2012). Effect of vitamin E
on sperm number and testis histopathology of sodium arsenite-
treated rats. Biology of Reproduction, 12(2), 171-181. https://doi.
org/10.1016/51642-431X(12)60084-9.

Mouallif, M., Albert, A., Zeddou, M., Ennaji, M.M., Delvenne, P., &
Guenin, S. (2014). Expression profile of undifferentiated cell
transcription factor 1 in normal and cancerous human epithelia.
International Journal of Experimental Pathology, 95(4), 251-259.
https://doi.org/10.1111/iep.12077.

Noda, M., Komatsu, H., & Sano, H. (1999). HPLC analysis of dental
resin composites components. Journal of Biomedical Materials
Research, 47, 374-378. https://doi.org.10.1002/(sici)1097-
4636(19991205)47:3<374::aid-jbm12>3.0.co;

Richter, C.A., Birnbaum, L.S., Farabollini, F., Newbold, R.R., Rubin,
B.S., Talsness, C.E., Vandenbergh, J.G., Walser-Kuntz, D.R., &
Vom Saal, F.S. (2007). In vivo effects of bisphenol A in laboratory
rodent studies. Reproductive Toxicology, 24, 199-224. https://doi.
org/10.1016/j.reprotox.2007.06.004.

Robins, J.C., Marsit, C.J., Padbury, J.F., and Sharma, S.S. (2011).
Endocrine disruptors, environmental oxygen, epigenetics, and
pregnancy. Frontiers in Bioscience, 3, 690-700. https://doi.
org/10.2741/e279.

Saunders, PT., Sharpe, R.M., Williams, K., Macpherson, S., Urquart, H.,
Irvine, DS., & Millar, M.R. (2001). Differential expression of estrogen
alphaand beta proteinsin the testes and male reproductive system of
human and non-human primates. Molecular Human Reproduction,
7(3), 227-236. https://doi.org/10.1093/molehr/7.3.227.



Akbas and Kum

29

Effect of Vitamin E on Testicular Histology Exposed to Bisphenol A

Shen, W., Shi, D.,, Wang, D., & Guo, Y. (2012). Inhibitive effects
of quinestrol on male testes in Mongolian gerbils (Meriones
unguiculatus). Research in Veterinary Science, 93(2), 907-913.
https://doi.org/10.1016/j.rvsc.2011.10.010.

Sun, Y., Oberley, LW., & Li, Y.A. (1988). Simple method for clinical assay
of superoxide dismutase. Clinical Chemistry, 34, 497-500. https://
doi.org/10.1093/clinchem/34.3.497.

Tolba, A.M. & Mandour, D.A. (2018). Histological effects of bisphenol-A
on the reproductive organs of the adult male albino rat. European
Journal of Anatomy, 22(2), 89-102. https://doi.org/eja.170225at.

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. Toxicology and Industrial Health, 3(1), 36-45. https://doi.
org/10.1177/0748233716658579.

Xie, M., & Li, F. (2014). Effects of bisphenol A exposure during lactation
on testicular mitochondria in male mouse offspring. Wei Sheng Yan
Jiu, 43(6), 962-966.

Van Bragt, M.P., Roepers-Gajadien, H.L., Korver, C.M., Bogerd, J., Okuda,
A., Eggen, B.J., De Rooij, D.G., & Van Pelt, A.M. (2008). Expression
of the pluripotency marker UTF1 is restricted to a subpopulation
of early A spermatogonia in rat testis. Reproduction, 136(1), 33-40.
https://doi.org/10.1530/REP-07-0536.

Vrooman, L.A., Oatley, J.M., Griswold, J.E., Hassold, T.J., & Hunt, P.A.
(2015). Estrogenic exposure alter the spermatogonial stem cells
in the developing testis, permanently reducing crossover levels in
the adult. PLoS Genetics, 23(11). https://doi.org/10.1371/journal.
pgen.1004949.

Wu, X.L. & Zheng, PS. (2013). Undifferentiated embryonic cell
transcription factor-1 (UTF1) inhibits the growth of cervical cancer
cells by transactivating p27Kip1. Carcinogenesis, 34(7), 1660—-1668.
https://doi.org/10.1093/carcin/bgt102.

Yoshioka, T., Kawada, K., Shimada, T., & Mori, M. (1979). Lipid
peroxidation in maternal and cord blood and protective
mechanisms against activated oxygen toxicity in the blood.
American Journal of Obstetrics and Gynecology, 135(3), 372-376.
https://doi.org/10.1016/0002-9378(79)90708-7.



