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ABSTRACT
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The plastic monomer and plasticizer bisphenol A (BPA) is one of the highest volume chemicals produced worldwide. It is used in the
production of polycarbonate plastics and epoxy resins used in many consumer products. The study was designed to determine
genotoxic and infertility effect of BPA. Adult male wistar albino rats were orally administered with various doses of BPA (5 pg, 50 ug
and 100 pg/100g bw) and vitamin E (4 mg/100g bw) once a day for 90 days. Decline in testicular protein and LDH level and increases
in the frequency of micronucleus in polychromatic erythrocytes and normochromatic erythrocyte were observed at various dose
treated groups as compared to control and vitamin E intervention groups. Study concludes that, BPA exposure partly inhibit the
reproductive function in male rat and cause genotoxicity whereas, supplementation of vitamin E during BPA exposure have certain
protective effect on reproductive inhibition caused by BPA exposure.

INTRODUCTION

housands of anthropogenic chemicals are present

in the environment, and mounting evidence

indicates that some have endocrine-disrupting
effects in a variety of organisms. Of particular concern are
chemicals that act as agonists or antagonists on
vertebrate estrogen or androgen receptors. One such
compound is bisphenol A (BPA), a synthetic monomer
used in production of polycarbonate plastics, epoxy
resins, food packaging, dental sealant and lacquers for
food cans' Human beings are exposed to BPA, as it
leaches from the inner lining of tin cans and microwave
containers during heating into the food materials’, from
dental sealant into saliva® and into beverages from the
polycarbonate bottles due to the repeated usage or
contact with any acidic/alkaline contents®. BPA
concentration has been detected in human serum and in
95% of the urine samples obtained from a reference
population in the USA>. The presence of BPA has been
reported in maternal and fetal plasma®, placental tissue’
and in the milk of lactating mothers®.Higher levels of
urinary BPA has been correlated with cardiovascular
disease and diabetes and may be associated with
increased risk of miscarriages with abnormal embryonic
karyotypeg’ 1 Al these reports confirm that indeed
human beings are getting exposed to BPA. This has raised
a great concern regarding human health and
environmental exposure to BPA™ .Various animal models
of BPA exposure have revealed multiple effects on the
male and female reproductive system Mendiola et al."’
reported that exposure to environmental dose of BPA
decreased the plasma level of testosterone in adult male
rats Tohei et al.® also reported the similar effect on
testosterone level. In another study oral administration of
low dose of BPA (2ug/kg) for consecutive 14 days in adult

rats also impairs spermatogenesis“. Exposure of adult
male rats with BPA resulted in decrease in sperm count
and motility and also affected sperm morphologyls’16 .The
oral exposure of pregnant mice to BPA at doses of 2-
20ug/kg/day caused enlargement of prostate gland,
decrease in size of seminal vesicle and epididymis, and
daily sperm production in male offsprings™ .BPA has been
associated with declined semen quality and increased
sperm DNA damage among men from an infertility
clinic'®. Our own studies in rats confirmed that BPA is an
endocrine disruptor and at low dose it causes infertility by
affecting spermatogenesis which cause decrement in
sperm production®®. The above mentioned reports are
also supporting the fact of germ cell toxicity potential of
BPA.

BPA was shown to induce aneuploidy and DNA adducts
formation in Syrian hamster embryo cells®®. BPA has been
observed to induce micronuclei formation in organisms
like mussel giIIs21 and fish erythrocytes22 but evidences for
this effect in in-vivo studies is inconsistent and
inconclusive. Therefore, it is important to study the
genotoxic activity of BPA in an in-vivo mammalian system.
Currently there are few in-vivo genotoxicity studies
carried out in bone marrow cells of mice upon BPA
exposure at different time interval (one to five days),
which document that BPA failed to induce micronuclei
formation ** **.Based on a few in-vivo studies it is not
possible to draw a definite conclusion about genotoxic
activity of BPA as it is estrogenic in nature.

Previous studies have reported the occurrence of
oxidative stress after BPA exposure in rats and mice” %° .A
state of oxidative stress in the testes disrupts both
. 27 . . .
spermatogenesis”’. Vitamin E (a-tocopherol) is a powerful
lipophilic, antioxidant, present in particularly high
amounts in Sertoli cells and pachytene spermatocytes and
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to a lesser extent in round spermatidszg. Vitamin E has
also been shown to suppress lipid peroxidation in
testicular microsomes and mitochondria®*® and s
absolutely vital for the maintenance of mammalian
spermatogenesis. Aim of the present study was to assess
the possible genotoxic effects of BPA exposure by
measuring the frequency of micronucleus (MN) in
polychromatic erythrocytes (PCEs) in bone marrow cells.
Hormonal and biochemical study also perform to find the
reason behind the spermatogenesis disruption and
infertility and to explore the effect of vitamin E on
reproductive function, if it will be supplement with BPA.

MATERIALS AND METHODS

Adult male Wistar albino rats (Rattus norvegicus), 3
months old, weighing 150-200 grams, were used in
present investigation. The animals were maintained in the
Departmental Experimental Facility with light and dark
(12h: 12h) schedule in individual polypropylene cage (size
43x27x15cm). Animals were fed with rat pellet diet and
water ad libitam. The animals were maintained under
perfect veterinary supervision and accordance to the
guidelines of CPCSEA 3

Test Chemical

Bisphenol A (2, 2-bis (4-hydroxyphenyl) propane) (<99%
pure) was purchased from sigma Aldrich. This compound
was diluted in olive oil to obtain final concentration of the
5, 50 and 100ug/100gm body weight of the animals
respectively.

Vitamin E-(a-tocopherol) was purchased from medical
store and diluted in olive oil to obtain final concentration
4mg/100gm body weight of the animals.

Experimental Design

Animals were divided into seven groups with ten in each
and olive oil was used as vehicle.

Group I: Control (vehicle treated)
Group II: Oral administration of 5ug BPA/100 g/bw

Group llI: Oral administration of 5ug BPA/100 g/bw +
4mg/100g/bw Vitamin E

Group IV: Oral administration of 50 ug BPA/100 g/bw

Group V: Oral administration of 50 pg BPA/100 g/bw
+4mg/100g/bw Vitamin E

Group VI: Oral administration of 100 pg BPA/100 g/bw

Group VII: Oral administration of 100 ug BPA/100 g/bw
+4mg/100g/bw Vitamin E

Doses were given for consecutive 90 days. On 91th day of
experiment, animals were sacrificed by overdose of
anesthetic ether.
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Biochemical studies
Lactate dehydrogenase (LDH) estimation

The portion of testis was used for the analyses of
androgen  sensitive  biochemical marker lactate
dehydrogenase (LDH)*. Activity of LDH was determined
spectrophotometrically. Elevated levels showed cellular
damage.

Protein estimation

The portion of testis was used for the assay of protein33.
Briefly, tissue homogenate was prepared in ddH,0.
Further to this Tri carboxilic acid (TCA) was added and
centrifuged for 10 min at 2000 rpm, precipitate will be
collected and 1N NaOH added and kept in boiling water
for 5 min. The solution was incubated with reagent D (0.1
N NaOH, sodium tartrate and CuSQ,) for 10 min. Finally
Folin reagent (FC) added and absorbance was estimated
on spectrophotometer.

Toxicology tests
Micronucleus test

Bone marrow cells from sacrificed animals were collected
in fetal albumin serum (FBS) and after washing smeared
on to glass slide. Further, slides were stained with May-
Gruenwald and Giemsa stain*’. For positive control
animals were injected with mitomycin C (3ug/gram body
weight) before 48 hours of scarification.

Statistical analysis

The mean values were compared using respective
standard deviations followed by statistical comparison
between control and test groups for evaluation of
significant changes in values by one way analysis of
variance (ANVOA) test. P<0.05 was considered as
significant.

RESULTS
Effect on testicular protein and LDH

The levels of testicular protein were significantly lower in
the BPA treated rats than those in the control rats and
vitamin E intervention groups at all doses 5ug BPA/100
g/bw, 50 ug BPA/100 g/bw and 100ug BPA/100 g/bw.(
figure 1a)
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Testicular LDH level increased in the BPA treated rats
than those in the control rats and vitamin E intervention
groups at all doses. (figure 1b)
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Figure 1b: Effect of BPA and vitamin E on (a) testicular
protein (b) LDH level. I. vehicle control, Il: 5ug BPA/100
g/bw, lll: 5ug BPA/100 g/bw + 4mg/100g/bw Vitamin E,
IV:50pg  BPA/100 g/bw, V:50ug BPA/100 g/bw+
4mg/100g/bw Vitamin E, VI: 100ug BPA/100 g/bw, VII:
100ug BPA/100 g/bw+ 4mg/100g/bw Vitamin E

Micronucleus test

The stained slides were analyzed at 100X magnification
using oil immersion, the results of the study showed
micronuclei in polychromatic erythrocytes (PCEs),
normochromatic erythrocyte (NCE) as shown in figure 2
and the effect of BPA on frequency of micronucleus in
these cells and the PCE/NCE ratio in rat bone-marrow
cells are presented in table 1. An increase in number of
MN-PCEs was observed in male rats treated with BPA at
various doses compared to vitamin E intervention group
and control group. However, the increase in frequency of
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MN-PCEs observed in positive control group was
significantly higher than that of vehicle control and
treated group demonstrating the sensitivity of the test
system. The cytotoxic effect of BPA on bone marrow cell
was tested by assessing polychromatic PCE/NCE ratio. As
far as PCE/NCE ratio is concerned it remained well within
the acceptable range and the ratio was comparable with
the vehicle control.

DISCUSSION

The present study documents the genotoxic activity of
BPA using a micronucleus test. The data obtained from
this assay clearly showed an increase in the frequency of
MN in bone marrow cells of adult male rats which were
exposed to various doses of BPA. These results
demonstrate genotoxic effect of BPA in in-vivo systems
and it affects the proliferative activity of bone marrow.
The induction of MN following oral administration in rats
observed in our study is in agreement with the data
published, wherein nitrosylated BPA could induce MN in
the bone marrow cells of mice® .Further, these
observations also confirm the earlier in vitro studies,
where BPA induced micronuclei in cell types like hamster
V79 cells®*® human MCL-5 cells*’ human lymphoblastoid
cell lines AHH- 1, MCL-5 and Chinese hamster V79 cell
lines®® respectively. One of the possibilities of the
presence of micronuclei could be due to the aneugenic
effect of BPA* *. Earlier study also demonstrated that
exposure of BPA for six consecutive days in adult male
and female rats at 5mg even at 10ug showed micronuclei
formation which consistent with our study*. Significant
increase in micronucleus frequency in Chinese hamstar
ovary cells clearly demonstrated that BPA exhibit
genotoxic effect* and confirmed its genotoxicity.
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Figure 2: Photomicrograph of erythrocytes from bone marrow of rats showing micronuclei in erythrocyte population. A.
vehicle control B1: 5ug BPA/100 g/bw, B2: 5ug BPA/100 g/bw + 4mg/100g/bw Vitamin E, C1:50ug BPA/100 g/bw,
C2:50ug BPA/100 g/bw+ 4mg/100g/bw Vitamin E, D1: 100ug BPA/100 g/bw, D2: 100ug BPA/100 g/bw+ 4mg/100g/bw
Vitamin E, polychromatic erythrocytes (PCEs), normochromatic erythrocyte (NCE) micronuclei (MN)
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Table 1: Micronucleus record of male albino rats following BPA and vitamin E treatment

Micronuclei in
Groups Dose

P.E (%)
I(control) Olive oil 4/2362 (0.16%)
I 5ug (BPA) 6/2452 (0.24%)
I 50ug (BPA) 8/2510 (0.31%)
IV 100g (BPA) 12/2456 (0.48%)
v 5ug (BPA +Vit.E) 5/2453 (0.20%)
Vi 50ug (BPA +Vit.E) 6/2351(0.25%)
Vil 100ug (BPA +VitE)  6/2451(0.24%)
Eg:'ttr';e M;z’g”;g;i:vc 48/2008 (2.39%)

Furthermore our study also demonstrates that BPA also
cause adverse effect on testicular tissue by observing the
alteration in the level of protein and LDH. The LDH plays
an important role in the cell metabolism. It is located
mainly in the interstitial tissue of both foetal and adult rat
testis”. It has been shown that the normal adult testis
of** ** rat, rabbit, dog, guinea pig, bull and pigeon46
contain usual isoenzymes of LDH isoenzymes designated
as LDH-X. The LDH-X is correlated with the onset of sexual
maturation””  sperm cell number and motility®.
Appreciable changes in the concentration of LDH indicate
that secretory activity of the testis got affected. Level of
LDH get elevated in dose depended BPA groups as
compare to control and vitamin E intervention groups.

The most profound general metabolic action of androgen
is the promotion of protein anabolism which induces
nitrogen retention in the form of tissue protein®. The
testicular protein synthesis in the hypophysectomized
adult mice was stimulated by gonadotropines™. The LH
has been shown to stimulate protein synthesis in the
adult rabbit testis in vitro. The effect of LH on
steroidogenesis is secondary to its stimulatory action on
testicular protein synthesi551.The FSH has relatively little
effect on protein synthesis in spermatids. However, it has
been reported that FSH stimulates protein synthesis in rat
Sertoli cells®.Testicular necrosis following increased
temperature stimuli to scrotal sac” and
antispermatogenic drug administration®® lowers the
testicular protein contents. It would seem, that the
decreased protein contents in testes were mainly due to
the fact that later stages of spermatogenesis were
absent, because the total protein contents depend upon
the number of spermatozoa present in the testes” °°. No
considerable change showed normal spermatogenesis in
the testes but in BPA treated groups we observed
decreased level of protein in testis compare to vehicle
treated and group a supplemented vitamin E with BPA.

5/9635 (0.05%) 9/12047 (0.07%) 2(32225/?(:)5
7/9818(0.07%) 13/12270 (0.10%) 2;‘2542.5;1)8
9/9365 (0.09%) 16/11875 (0.13%) 2(52?23':25
11/9712(0.11%)  23/12168 (0.18%) zfzssééiz/:)z
4/9526 (0.04%) 9/11979 (0.07%) 2(4213.;953/36
5/9634 (0.05%) 11/11985 (0.09%) 2(3;1.[/5)?/34
7/9625 (0.07%) 13/12076 (0.10%) 2:‘2551.296?/35
41/9891(0.41%)  89/11899 (0.74%) z(oz?ng/gl

CONCLUSION

The results reported herein demonstrated that BPA
exposure for consecutive 90 days in adult male albino rats
at dose 5, 50 and 100ug cause disruption in
spermatogenesis decrement in testicular protein and
elevation in LDH level. It also has genotoxic activity which
was confirmed by the formation of micronuclei in BPA
treated groups. The results of our study also suggest that
simultaneous administration of vitamin E may
ameliorates the adverse effects of BPA on reproductive
function. Our obtained results indicate that BPA cause
harmful effect on human health and further research on
vitamin E intervention and genotoxic activity of BPA is
needed.

REFERENCES

1. Burridge E. Bisphenol A: product profile. Eur. Chem. News
20,2003, 17.

2. Brotons JA, Olea-Serrano MF, Villalobos M, Pedraza V, Olea
N.. Xenoestrogens released from lacquer coatings in food
cans. Environ. Health Perspect.103,1995, 608-612.

3. Olea N, Pulgar R, Perez P, Olea-Serrano F, Rivas A, Novillo-
Fertrell A, Pedraza V, Soto AM, Sonnenschein C.
Estrogenicity of resin-based composites and sealants used in
dentistry. Environ. Health Perspect.104,1996,298-305.

4. Biles JE, McNeal TP, Begley TH, Hollifield HC.Determination
of bisphenol-A in reusable polycarbonate food-contact
plastics and migration to food simulating liquids. J. Agric.
Food Chem. 45,1997,3541-3544.

5. Calafat AM, Kuklenyik Z, Reidy JA, Caudill SP, Ekong J,
Needham LL.Urinary concentrations of bisphenol A and 4-
nonylphenol in a human referenc population. Environ.
Health Perspect. 133,2005,391-395.

6. lkezuki Y, Tsutsumi O, Takai Y, Kamei Y, Taketani Y.
Determination of bisphenol A concentrations in human
biological fluids reveals significant early prenatal exposure.
Hum. Reprod. Oxford England. 17,2002, 2839-2841.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

129



Int. J. Pharm. Sci. Rev. Res., 41(1), November - December 2016; Article No. 25, Pages: 126-131

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Schonfelder G, Wittfoht W, Hopp H, Tallness CE, Paul M,
Chahoud I.. Parent bisphenol A accumulation in the human
maternal—fetal-placental unit. Environ. Health Perspect.
110, 2002, 703-707.

Sun Y, Irie M, Kishikawa N, Wada M, Kuroda N, Nakashima
K.2004. Determination of bisphenol A in human breast milk
by HPLC with column-switching and fluorescence detection.
Biomed. Chromatogr. 18,2004, 501-507.

Lang IA, Galloway TS, Scarlett A, Henley WE, Depledge M,
Wallace RB, Melzer D. Association of urinary bisphenol A
concentration with medical disorders and laboratory
abnormalities in adults. J. Am. Med. Assoc. 300,2008,1303—
1310.

Sugiura-Ogasawara M, Ozaki Y, Sonta S, Makino T, Suzumori
K. Exposure to bisphenol A is associated with recurrent
miscarriage. Hum. Reprod. 20,2005, 2325-2329.

Srivastava, S., Gupta, P., Chandolia, A., & Alam, |. Bisphenol
A: a threat to human health. J Environ Health, 77, 6, 2015,
20.

Mendiola J, Jorgensen N, Andersson AM, Calafat AM, Ye X,
Redmon JB, et al. Are environmental levels of bisphenol a
associated with reproductive function in fertile men?
Environ Health Perspect .118,2010,1286-91

Tohei A, Suda S, Taya K, Hashimoto T, Kogo H. Bisphenol A
inhibits testicular functions and increases luteinizing
hormone secretion in adult male rats. Exp Biol Med
(Maywood) 226,2001, 216-21.

Jina P, Wang X, Chang F, BaiaY, Li Y, Zhou R, Chena L.
Low dose bisphenol A impairs spermatogenesis by
suppressing reproductive hormone production and

promoting germ cell apoptosis in adult rats. J Biomed Res.,
27,2013, 28.

Al-Hiyasat AS, Darmani H. In vivo effects of BISGMA — a
component of dental composite — on male mouse
reproduction and fertility. J. Biomed. Mater. Res. A
78,2006,66—72.

Sakaue M, Ohsako S, Ishimura R, Kurosawa S, Kurohmaru
M, Hayashi Y, Aoki Y, Yonemoto J, Tohyama C. Bisphenol-A
affects spermatogenesis in the adult rat even at a low dose,
J. Occup. Health 43, 2001,185-190.

vom Saal FS, Cooke PS, Buchanan DL, Palanza P, Thayer KA,
Nagel SC, Parmigiani S, Welshons WV..A physiologically
based approach to the study of bisphenol A and other
estrogenic chemicals on the size of reproductive organs,
daily sperm production and behavior. Toxicol. Ind. Health
14,1998, 239-360.

Meeker ID, Shelley E, Thomas LT, Diane LW, Calafat AM,
Trisini AT, Ye X, Hauser R. Semen quality and sperm DNA
damage in relation to urinary bisphenol A among men from
an infertility clinic. Reprod. Toxicol.30,2010,532-539.

Gupta, M. P., & Srivastava, S. Bisphenol A: Cause of Male
Infertility. International Journal of Scientific Research,
4(2016) 9.

Tsutsui T, Tamura Y, Yagi E, Hasegawa K, Takahashi M,
Maizumi N, Yamaguchi F, Barrett JC. Bisphenol-A induces
cellular transformation, aneuploidy and DNA adduct
formation in cultured Syrian hamster embryo cells, Int. J.
Cancer 75,1998,290-294.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

ISSN 0976 — 044X

Barsiene J, Syvokiene J, Bjornstad A. Induction of
micronuclei and other nuclear abnormalities in mussels
exposed to bisphenol A, diallyl phthalate and
tetrbromodiphenyl ether-47. Aquat. Toxicol. 78, 2006,105—
108.

Bolognesi C, Perrone E, Roggieri P, Pampanin DM, Sciutto A.
Assessment of micronuclei induction in peripheral
erythrocytes of fish exposed to xenobiotics under controlled
conditions, Aquat. Toxicol. 78,2006,93—-98.

Naika P, Vijayalaxmib KK. Cytogenetic evaluation for
genotoxicity of bisphenol-A in bone marrow cells of Swiss
albino mice. Mutat. Res. 676,2009,106—-112.

Pacchierotti F, Ranaldi R, Eichenlaub-Ritter U, Attia S, Adler
ID. Evaluation of a neugenic effects of bisphenol A in
somatic and germ cells of the mouse. Mutat. Res. 651,2008,
64-70.

Chitra KC, Latchoumycandane C, Mathur PP. Induction of
oxidative stress by bisphenol A in the epididymal sperm of
rats. Toxicol.185,2003,119-127.

Gong Y, Han XD.Nonylphenol- induced oxidative stress and
cytotoxicity in testicular sertoli cells. Reprod. Toxicol.
22,2006, 623-630.

Johnson FC. The antioxidant vitamins CRC. Crit Rev Food Sci
Nutr, 11, 1979, 217-309.

Yoganathan T, Eskild W, Hansson V. Investigation of
detoxification capacity of rat testicular germ cells and Sertoli
cells. Free Radic Biol Med .7, 1989, 355-359.

Lucesoli F, Fraga CG. Oxidative stress in testes of rats
subjected to chronic iron intoxication alpha-tocopherol
supplementation. Toxicol . 132, 1999, 179-86.

Gavazza MB, Catala A. The effect of alpha-tocopherol on
lipid peroxidation of microsomes and mitochondria from rat

testis. Prostaglandins Leukot Essent Fatty Acids. 74, 2006,
247-254.
CPCSEA. Guidelines on the regulation of scientific

experiments on animals. CPCSEA Standard operating
procedures for Institutional Animal Ethics Committee (IAEC).
Animal Welfare Division. Ministry of Environment and
Forests. 2010.

Chaudhry K. Biochemical techniques. Jaypee Brothers.
Medical Publishers. 1989. New Delhi.

Lowry OH, Rosebraugh NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J.Biol.Chem.
193,1951,265-275.

Schmid W.The micronucleus test for cytogenic analysis. In:
Chemial Mutagens: Principles and Methods for their
Development (A. Hollaendar. Ed.) Vol.4 Plenum Press, New
York. 1976,31-53.

Masuda S, Terashima Y, Sano A, Kuruto R, Sugiyama Y,
Shimoi K, Tanji K, Yoshioka H, Terao Y, Kinae N. Changes in
the mutagenic and estrogenic activities of bisphenol A upon
treatment with nitrite. Mutat. Res. 585,2005,137-146.

Pfeiffer E, Rosenberg B, Deuschel S, Metzler M. Interference
with microtubules and induction of micronuclei in vitro by
various bisphenols. Mutat. Res. 390,1997,21-31.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

130



Int. J. Pharm. Sci. Rev. Res., 41(1), November - December 2016; Article No. 25, Pages: 126-131

37.

38.

39.

40.

41.

42.

43,

44,

45,

46.

Parry EM, Parry JM, Corso C, Doherty A, Haddad F,
Hermine TF, Johnson G, Kayani M, Quick E, Warr T,
Williamson J. Detection and characterization of mechanisms
of action of aneugenic chemicals. Mutagenesis
17,2002,509-521.

Johnson GE, Parry E.M. Mechanistic investigations of low
dose exposures to the genotoxic compounds bisphenol-A
and rotenone, Mutat. Res. 651, 2008,56—63.

Hunt PA, Koehler KE, Susiarjo M, Hodges CA, llagan A, Voigt
RC, Thomas S, Thomas BF, Hassold TJ. Bisphenol a exposure
causes meiotic aneuploidy in the female mouse .Curr. Biol.
13,2003, 546-553.

Quick EL, Parry EM, ParryJM. Do oestrogens induce
chromosome specific aneuploidy in vitro, similar to the
pattern of aneuploidy seen in breast cancer? Mutat. Res.
651,2008, 46-55.

Tiwari D, Kamble J, Chilgunde S, Patil P, Maru G, Kawle D, et
al..Clastogenic and Mutagenic effects of bisphenol A : An
endocrine disruptor. Mut Res.743,2012 ,83-90.

L Xin, Y Lin, A Wang, W Zhu,Y Liang, X Su, C Hong,)
Wan, Y Wang, H Tian. Cytogenetic evaluation for the
genotoxicity of bisphenol-A in Chinese hamster ovary cells.
Environ Toxicol Pharmacol. 40(2), 2015, 524-9.

Niemi M, Ikonen M. Cytochemistry of oxidative enzymes in
the Leydig cells of the rat testis and their functional
significance. Endocrinol. 70,1962,167-174.

Blanco A, Zinkham WH. Lactate dehydrogenases in human
testes. Science 139,1963,601-602.

Goldberg E. Lactate dehydrogenase and malate
dehydrogenase in sperm: studied by polyacrylamide gel
electrophoresis. Ann. NY Acad.Sci. 121,1964,560-570.

Zinkham WH, Blanco A, Clowry L. An unusual isozyme of
lactate dehydrogenase in mature testes:
Localization,ontogeny, and kinetic properties. Ann. NY
Acad.Sci, 121, 1964, 571-588

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

ISSN 0976 — 044X

Goldberg E. Isoenzymes in testes and spermatozoa.In: Liss
AR (ED).Isoenzymes. Curr Topices Bio.Med.Res. New York.
1977, 1:79-124

Gerez de Burgos NM, Burgos C, Coronel CE, Bertarelli de
Camusso ,Pigini T, Blanco A. Correlation of lactate
dehydrogenase isoenzyme C4 activity with the count and
motility of human spermatozoa. J.Reprod. Fert.
55,1979,107-111.

Talwar GP and Segal SJ. Prevevntion of hormone action by
local application of actinomycin D. Proc.Natl.Acad.Sci.USA.
50,1963,226-230.

Lawrence NR, Davies AG. Stimulation of testicular protein
synthesis in vivo by gonadotrophins and growth hormone in
hypophysectomized adult mice. J.Reprod.Fert.49,1977,41-
45.

Hall PF, Eik-Nes KB. The action of gonadotropic hormones
upon rabbit testis in vitro. Biochem. Biophys.Acta 63,1962,
411-422.

Dorrington JH, Armstrong DT.Follicle- stimulating hormone
stimulates estradiol-17 synthesis in cultured Sertoli cells.
PNAS. 72, 1975,2677-2681

Hall PF.Influence of temperature upon the biosynthesis of
testosterone by rabbit testis in vitro. Biochem. Endocrinol.
76,1965,396-402.

Kalla NR, Chohan KS. Studies on the mechanism of action of
alphamonochlorohydrin. Exp.Pathol. (Jena1)8,1980, 430-437

Patanelli DJ, Nelson WO. A quantitative study of inhibition
and recovery of spermatogenesis. Recent Prog.Horm.Res.
20,1964,491-543.

Ewing LL, Means AR., Beames CG, Montogomery RD.
Biochemical changes in rat testis during postnatal
maturation. J.Reprod.Fert. 12, 1966, 295-307.

Source of Support: Nil, Conflict of Interest: None.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited.

131



