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Abstract

There are great concerns regarding the use of synthetic progesterone during breastfeeding due to probable
negative effects on future fecundity of male infants. Therefore the present study was conducted to evaluate the effects
of exposing male rat pups to depot medroxyprogesterone acetate (DMPA) during lactational period on pubertal testicular
histology, morphometry and cells quantitation. Twenty male Wistar rat pups reared to dams treated with DMPA (10 mg/
kg BW) every other day during their early lactation period; were employed to achieve the objectives of this study. Other
20 male rat pups reared to untreated dams served as control. The pups were allowed to reach 90 days old, sacrificed,
their testes were dissected and weighed and histological sections were prepared.

The results showed that exposing male rat pups to DMPA during the lactational period significantly (P<0.001) affected
their testicular histology, morphometry and the quantities of testicular cells. The thickness of the germinal epithelium
(GE) and the diameter of the seminiferous tubules (ST) were reduced; while the interstitial space (IS) thicknesses were
increased. The testicular cells of the rats reared on dams treated with DMPA experienced varying degrees of apoptosis
and count reduction. The ST appeared with unusual configuration with detached and/or folded basal lamina, it has few
germinal layers, decreased Sertoli cells (SC) and their lumen contained cells debris and very few sperms; while the
wide IS contained few Leydig cells (LC). Exposure to DMPA during the lactational period adversely affects the testicular

structure. Thus foretells a negative impact on future fertility.

Keywords: Medroxyprogesterone acetate; Testicular structure; Fertility;
Lactational period; Morphometry

Introduction

The synthetic progesterone is widely used in human reproductive
clinics for many therapeutic purposes such as a contraceptive especially
during lactation period [1,2] to reduce the risk of recurrent preterm
birth, to treat endometrial hyperplasia, heavy menstrual bleeding,
endometriosis, pelvic pain syndromes, breast and uterine cancer, loss of
appetite and weight related to AIDS and cancer and topically in certain
skin diseases [3-5]. This situation entails that male infants kept on
breastfeeding will be exposed to these synthetic hormones; suggesting
disorder of their reproductive health at puberty [6-8].

The effects of these synthetic hormones on the reproductive
functions of the male human and animal cause considerable concerns
among researchers who care to improve the male reproductive health
[9-12]. Abnormal changes in the male reproductive health such as
abnormal sexual development, alteration in testicular functions and
increment of infertility rates were suggested by current studies [10,12-
14]. Although, there is minimum evidences that exposure of male
infants to exogenous hormones is harmful to their reproductive health,
the concern of the use of DMPA during lactation remains [15,16].

Although many studies have asserted that exposure to synthetic
progesterone hormone during pregnancy has critical effects on testicular
structure and function [4,12-16], great controversies and doubts exist
concerning its adverse effects on the male reproduction following their
exposure to synthetic progesterone during suckling period. Thus, the
aim of the current study is to evaluate the effects of exposing male rat
pups during early suckling period to DMPA on pubertal testicular
histology, morphometry and cells quantitation.

Materials and Methods
Materials

Experimental animals: Ten weeks old 8 pregnant female Wistar
albino rats were grouped into two groups (4 rats each) and kept separate
away from any stress in sterilized polypropylene cages (90 cm x 45 cm x
15 cm) lined with woody husk. They were kept at 28 + 7°C temperature
in light/dark cycle (12:12 h), fed on commercial pellet and offered
water ad libitum. After delivery 4 dams with 20 male pups (Group I)
were injected with a placebo to serve as controls; while 4 dams with
20 male pups (Group II) were subcutaneously injected with 10 mg/kg
BW of depot medroxy-progesterone acetate (DMPA; Depo-Provera®)
every other day (on the first fifteen days) of lactational period. The dam
body weights were taken on each day of injection to adjust the dose.
The 40 male rat pups were allowed to grow for 90 days where they reach
maturity [2,4,10-12].

Study design: This one factorial experiment study was designed to
investigate the effects of lactational exposure to DMPA on suckling male
rat’s pups’ testis histological structure, morphometry, cells quantities at
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puberty. Twenty male rat pups born to the experiment group and 20
pups born to the control group were allowed to grow for 90 day where
they reached maturity. The testes were collected and prepared as above.
Morphometry and cell quantitation were carried as described above.

Methods

Tissue collection and preparation: Animals were anesthetized
with chloroform and sacrificed with cervical dislocation [12,13,17].
The testis was dissected and separated from its adjacent epididymis
and connective tissue and its relative weight was then calculated. Then
the testes were immediately fixed in aqueous Bouin’s solution for 18 h,
dehydrated with 70%, 90% and 100% ascending grades of alcohol. The
fixed testes were cleared with xylene and embedded in paraffin wax and
micro-sections of 5 um thickness were made by an American Optical
microtome (A0-821. USA). Then the micro-sections were mounted
onto glass slides, deparaffinized and stained with H&E stain [18].

Histomorphometry: Longitudinal sections of each rat’s testis were
prepared and stained with H&E as described elsewhere [19,20]. Then
10 round or nearly round STs were chosen randomly to measure their
diameters, the height of GE, the thickness of IS and the number of GE cells
using Olympus BX-40 light microscope supported with an image Pro
Plus program x100 [12]. Two tubular diameters for each seminiferous
tubule were mapped and their mean recorded. The thicknesses of IS
were measured by measuring three dimensions of each interstitial space
from the space centre to the basement membrane of the surrounding
ST. The mean of the three dimensions was calculated and multiplied by
2 to obtain the whole thickness of the interstitial space. The GE height
was obtained for the same tubules used to determine tubular diameter.
The GE height was assumed from the basement membrane to the latest
stage of GE (spermatids).

Cells quantitation: After animal sacrification, testes were fixed
by perfusion with Bouin’s fixative for 30 min as above. They were
then cut into 3 vertical longitudinal slices where middle slices include

the mediastinum. After immersion and fixation in Bouin’s fixative
for another 1.5 h, the slices were dehydrated in ethanol, cleared with
xylene and embedded in paraffin wax. From each slice 5 sections of 5
pm were cut, thus 15 sections were obtained and mounted individually
onto slides. The testicular cells (spermatogonia type A & B, primary
spermatocytes cells, LC and SC) of each rat testis were counted under
Olympus BX-40 microscope supported with an Image Pro Plus
program. The mean counts of each cell type were recorded per section
for each group [12,21,22].

Statistical analysis: Data were subjected to one way ANOVA using
SPSS-16.020 (Chicago, USA). The means that have been expressed as
mean * SD were compared with Dunnett’s test. The level of significance
was set at P<0.05.

Results

Testis histological observations

The cross sections of the control rats’ testes showed compactly
arranged, semi-round or oval ST with intact normal basement
membrane, normal GE, and normal IS (Figure 1A and 1C). The
different stages of spermatogenesis were observed in all the ST. The
SCs were normal resting on a normal basement membrane and their
lumens are contained masses of spermatozoa (Figure 2A). The IS is
normal and contained normal clusters of LC (Figure 3A). The sections
of testes of rats reared on dams treated with DMPA showed marked
degenerative changes. The ST appear smaller disperse and lost its
normal arrangement. The basement membrane of the ST are detached
and/or folded and the GE were extremely reduced (Figure 1B). Obvious
intercellular cavitations appeared in-between the GE lining the ST as a
result of degenerative changes. The GE cells are few and the lumen of
the ST is wider with few scattered spermatozoa and necrotic cells’ debris
(Figure 1D and Figure 2B). The SCs are few, lost their integration with
the surrounding GE (Figure 1D and Figure 2B). The IS are wide due to
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Figure 1: Light photomicrographs of rat’s testes parenchyma. Control rat testis (A) and experimental rat testis (B) (H&E x100). Control rat testis (C) and

experimental rat testis (D) (H&E x 400). Seminiferous tubules (ST), interstitial spaces (IS), detached and folded basal laminae (arrowed; FBL) wide interstitial
space (WIS), Lumen (LU), sperm mass (SM), Leydig cell (LC), cell debris in the lumen (CD) and large blood vessels (LBV).
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ST hypoplasia and the LCs are very few and there are some vacuoles in
the ISs (Figure 3B).

Histomorphometry

Relative testicular weights: The mean relative testicular weights
of male rats reared on dams treated with DMPA were significantly
(P<0.001) reduced compared to those of the control (Table 1 and Figure
4). The mean relative testicular weights of the control and experimental
groups were (0.011 + 0.001) and (0.008 + 0.001) gm, respectively.

Measurements of Sts diameters, Ge And Iss thicknesses: The
diameter of the ST, GE height and the thicknesses of the IS of the control
and male rats reared on dams treated with DMPA varied significantly
(P<0.001). The mean diameters of ST of the control and the treatment
rats were 281.5 + 17.2 and 253.2 + 13.7 um, respectively. The heights
of the GE were 93.7 £ 9.6 and 71.4 + 7.2 pm, in the same respective as
above. The mean thickness of the IS of the control was 110.5 + 11.3 um
and that of the treatment rats was 133.1 £ 5.5 pm (Table 1 and Figure 5).

Testicular cells quantitation: The counts of the different testicular
cells per cross section varied significantly (P<0.01) with treatment. As

in (Table 2 and Figure 6), the mean counts of spermatogonia type A
of the control and male rats reared on dams treated with DMPA were
38.55 + 3.47 and 27.00 + 3.73 and type B mean counts were 36.50 +
3.07 and 21.35 + 4.11, respectively. The primary spermatocytes mean
counts were 37.50 + 4.02 and 28.10 + 4.08, SC means were 17.65 + 2.32
and 9.65 + 2.50 and LC means were 12.35 + 2.32 and 6.95 + 2.35 in the
same order as above.

Discussion

This study clearly demonstrates the negative effects of DMPA
hormone on the testes of male rats that were breastfed on dams treated
with this hormone during lactation period.

The marked abnormalities found in this study are comparable to
the findings of Goyal et al. [2] who reported similar effects in neonatal
male exposure to steroid hormones. One of the most serious effects
of DMPA on the testis observed in this study is the reduction in the
number of SC. The SC provide structural support and nutrition to the
developing germ cells, produce proteins that regulate and/or stimulate
pituitary hormones release and are responsible of phagocytosis of

Figure 2: Light photomicrographs of rats Sertoli cells with germinal epithelium. Control rat (A) and experimental rat (B). Basement membrane (BM), myoid cell (MYC),

Sertoli cell (SC), cytoplasmic vacuole (C), spermatogonia type A (SPA), spermatogonia type B (SPB), primary spermatocyte (PS), elongated spermatids (ES), rounded
spermatids (RS), dividing primary spermatocyte (DPS), tubular lumen (LU) and SM: sperm mass (H&E x 1000).

1000).

L

Figure 3: Micrographs of rat’s testes interstitial space (IS) of the control (A) and experimental (B). Wider interstitial spaces with few cells (WIS), single Leydig cell (LC),
Leydig cell clusters (LCC), vacuoles (arrowed and V), connective tissue (CT) with connective tissue cells (CTS) and surrounding seminiferous tubules (ST) (H&E x

J steroids Horm Sci, an open access journal
ISSN: 2157-7536

Volume 8 + Issue 1+ 1000184



Citation: Ahmed SI, Ali TO, Elsheikh AS, Attia GA, Abdalla AM, et al. (2017) Testicular Changes in Male Albino Rat Pups Exposed to Medroxy-
Progesterone Acetate during Lactational Period. J Steroids Horm Sci 8: 184. doi: 10.4172/2157-7536.1000184

Page 4 of 5

Parameter

Synthetic medroxyprogesterone

Injected(10 mg/kg

body weight)

Control

Experiment

Parameter

Synthetic Progesterone Injected (10 mg/kg
body weight)

Control

Experiment

Relative Testicular Weight/gm

(0.011 £ 0.001)?

(0.008 + 0.001)°

Spermatogonia Type (A)

(38.55 + 3.47)¢

(27.00  3.73)

Seminiferous tubule diameter/um

(2815 17.2 )

(2532+137)

Spermatogonia Type (B)

(36.50 + 3.07)¢

(2135 4.11)°

Height of germinal epithelium/pm

(93.7+96 )

(7T14£72)

Primary Spermatocyte

(37.50 £ 4.02)°

(28.10 + 4.08)

Thickness of interstitial space/um

(1105 £11.3 )¢

(1331£55)

Sertoli

(17.65 + 2.32)¢

(9.65 £ 2.50)°

Data are presented as mean + SD. Experiment: denotes male rats reared by
females dams injected with medroxyprogesterone during lactation. @ ® Values with
different superscripts in the same raw significantly different (P<0.001).

Table 1: Effects of synthetic medroxyprogesterone on the relative testicular
weights, ST diameter, height of GE and thickness of IS.
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Figure 4: Mean relative testicular weights of control and experimental rats. Bars
represent the mean + SD of 20 replicates. 2 differ at P<0.01.
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Figure 5: Compares the measurements of seminiferous tubule diameter, germinal
epithelium height and interstitial space thickness of control and experimental rats.
Bars represent the mean + SD of 20 replicates. ° P<0.01.

degenerating germ cells and residual bodies [23]. Also in male, SC
maintain spermatogenesis whereby each SC is capable to support
certain number of germ cells; such function makes the entire sperm
production and the total sperm number produced dependent on the
total number SC [23]. Furthermore, in this study the number of LC;
which is dependent on SCs was reduced [24,25].

The reduction of sperm production and the presence of necrotic
cellular debris in the lumen of ST of neonatal male rats exposed to
DMPA is a clear indication for SC dysfunction [26]. Reduction in the
SC and LC observed in this study indicates that exposure of suckling
male to DMPA might affect the gonadal-pituitary hormonal axis and/
or it impeded the processes of differentiation and maturation of LC and
SC. Thus it might have potential hazardous effects on the testis [27]. The

Leydig cells

(12.35.77 £ 2.32)

(6.95 + 2.35)

Data are presented as mean + SD. Experiment: denotes male rats reared by
females dams injected with medroxyprogesterone during lactation. 2 Values with
different superscripts in the same raw significantly different (P<0.01).

Table 2: Effects of synthetic medroxyprogesterone on the testicular cells count.

[l Spermatogonia A
Spermatogonia B
S Spermatocytes
[£] Sextoli cells

[ Leydig cells

N

Cell counts per cross section

Experiment
Figure 6: Comparison of testicular cells counts of control and experimental rats.
Bars represent the mean + SD of 20 replicates. * differ at P<0.01.

present study provides clear evidence that exposure of neonatal male
rats to DMPA during lactation period has adverse effect on testicular
structure that foretells poor fertility. This finding is in accordance with
that of Patel et al. [28] and Truit et al. [29] who thought that newborns
cannot metabolize and excrete the steroid hormones ingested during
breastfeeding because of their immature liver and kidneys. Additionally
they suggested a low plasma-binding capacity which leads to high levels
of free biologically active hormones in their bodies.

It is known that the presence of toxic agents in the body enhances
production of reactive oxygen species (ROS) in cells & tissues and exert
oxidative stress (OS) [30]. It seems that DMPA and/or its metabolites;
induced similar oxidative stress which affected the testicular antioxidant
system and lipid peroxidation leading to the observed cellular changes
in the rats testes [31].

In this study the relative testicular weight of male rats breastfed
on dams treated with DMPA was reduced. The weight of the testis is
largely dependent on the mass of differentiated spermatogenic cells
and it has been used as a measure of spermatogenesis in rats [32].
Therefore, the decrement in relative testicular weight is presumably
due to cells degeneration and low sperm production [4,12,16]. Also the
degenerative processes are behind the low number of GE cells reported
in this study.

Conclusion

Exposing male rats pups to DMPA hormone have serious
adverse effects on pubertal testis structures, morphometry and sperm
production which in turn may affect male reproductivity.
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Recommendations

Animals in this study were only observed till 90 days of age, and it

is possible that other testicular disorders /recovery may become evident
with ageing. Therefore, longer term studies may be necessary to identify
the full effect of this synthetic drug.

More studies should also be conducted to help identify safety

profile of medroxyprogesterone use as a contraceptive during lactation
particularly in the presence of any testicular abnormality.

Acknowledgements

The authors would like to acknowledge all members of the anatomy

department of Najran University for many useful discussions and support. The
authors apologize to all colleagues whose work could not be cited due to space
limitations.

References

1.

Palmlund I, Apfel R, Buitendijk S, Cabau A, Forsberg JG (1993) Effect of
diethylstilbestrol (DES) medication during pregnancy. J Psychosom Obstet
Gynaecol 14: 71-89.

Goyal HO, Robateau A, Braden TD, Williams CS, Srivastava KK, et al. (2003)
Neonatal estrogen exposure of male rats alters reproductive functions at
adulthood. Biol Reprod 68: 2081-2091.

Marianowski P, Radwanska E (2000) Intramuscular vs vaginal progesterone
for luteal support in cycles of in vitro fertilization. Ginekol Pol 71: 1064-1070.

Harini C, Sainath SB, Sreenivasula Reddy P (2009) Recovery of suppressed
male reproduction in mice exposed to progesterone during embryonic
development by testosterone. Reprod 137: 439-448.

Vidaeff AC, Belfort MA (2013) Critical appraisal of the efficacy, safety, and
patient acceptability of hydroxyprogesterone caproate injection to reduce the
risk of preterm birth. Pat Prefer Adher 7: 683-691.

Fielden MR, Halgren RG, Fong CJ, Staub C, Johnson L, et al. (2002)
Gestational and lactational exposure of male mice to diethylstilbestrol causes
long-term effects on the testis sperm fertilizing ability in vitro and testicular gene
expression. Endocrinol 143: 3044-3059.

Storgaard L, Bonde JP, Olsen J (2006) Male reproductive disorders in
humans and prenatal indicators of estrogen exposure. A review of published
epidemiological studies. Reprod Toxicol 21: 4-15.

Delbées G, Levacher C, Habert R (2006) Estrogen effects on fetal and neonatal
testicular development. Reproduction 132: 527-538.

Carlsen E, Giwercman A, Keiding N, Skakkebaek NE (1992) Evidence for
decreasing quality of semen during past 50 years. Br Med J 304: 609-613.

10. Pushpalatha T, Ramachandra Reddy P, Sreenivasula Reddy P (2002) Effect of

prenatal exposure to hydroxyprogesterone on steroidogenic enzymes in male
rats. Naturwissenschaften 90: 40-43.

11. Ahmed SI, Elsheikh AS, Attia GA, Ali TO (2016) Prenatal progesterone exposure

of male rats induces morphometric and histological changes in testes. Asian
Pacific J Reprod 5: 204-209.

12. Ahmed SI, Elsheikh AS, Attia GA, Ali TO (2016) Ultra-structure of testes of rats

born to dams treated with hydroxy-progesterone hexanoate. Asian Pacific J
Reprod 5: 510-513.

3. Knez J (2013) Endocrine-disrupting chemicals and male reproductive health.

Reprod Biomed 26: 440-448.

14. Halderman LD, Nelson AL (2002) Impact of early postpartum administration

[

of progestin-only hormonal contraceptives compared with nonhormonal
contraceptives on short-term breast-feeding patterns. Am J Obstet Gynecol
186: 1250-1258.

. Brownell EA, Fernandez ID, Howard CR, Fisher SG, Ternullo SR, et al. (2012) A
systematic review of early postpartum medroxyprogesterone receipt and early
breastfeeding cessation: evaluating the methodological rigor of the evidence.
Breastfeed Med 7: 10-8.

20.

2

=

22.

2

w

24,

25.

26.

27.

28.

2

o

3

o

3

=

32.

.Pushpalatha T, Ramachandra Reddy P, Sreenivasula Reddy P (2004)

Impairment of male reproduction in adult rats exposed to hydroxyl-progesterone
caproate in utero. Naturwissenschaften 91: 242-244.

. Elsheikh AS, Takahashi Y, Hishinuma M, Kanagawa H (1997) Effect of

encapsulation on development of mouse pronuclear stage embryos in vitro.
Anim. Reprod Sci 48: 317-324.

. Bancroft JD (2008) Fixation and fixatives. In: Theory and practice of histological

techniques. 5th Ed. New York, London, San Francisco, Tokyo: Churchill
Livingstone 31: 725.

. Thienpot D, Rochelle F, Vanpariis OFJ (1986) Diagnosing Helmin-thiasis by

Corprological Examination. 2nd Ed. Beerse: Janssen Foundation p205.

Batra N, Nehru B, Bansal MP (2001) Influence of lead and zinc on rat male
reproduction at biochemical and histopathological levels. J Appl Toxicol 21:
507-512.

. Heller G, Leach DR (1971) Quantitation of Leydig cells and measurement of

Leydig cell size following administration of human chorionic gonadotrophin to
normal men. J Reprod Fertil 25: 185-192.

Dykes JRW (2001) Histometric assessment of human testicular biopsies. J
Pathol Bacteriol 97: 429-440.

.Russell LD, Griswold MD (1993) The sertoli cell. Cache River Press,

Clearwater, FL.

Baker PJ, Sha JA, McBride MW, Peng L, Payne AH, et al. (1999) Expression
of 3b-hydroxysteriod dehydrogenase type | and VI isoforms in the mouse testis
during development. Eur J Biochem 260: 911-916.

Nef S, Shipman T, Parada LF (2000) A molecular basis for estrogeninduced
cryptorchidism. Dev Biol 224: 354-361.

Johnson L (1991b) In: Cupps P (Ed.) Spermatogenesis. Reproduction in
Domestic Animals, fourth ed. Academic Press Inc., San Diego, CA p.173-219.

Sharpe RM, Rivas A, Walker M, McKinnell C, Fisher JS (2003) Effect of
neonatal treatment of rats with potent or weak (environmental) oestrogens,
or with a GnRH antagonist, on Leydig cell development and function through
puberty into adulthood. Int J Androl 26: 26-36.

Patel SB, Toddywalla VS, Betrabet SS, Kulkarni RD, Patel ZM, et al. (1994)
At what ,infant-age” can levonorgestrel contraceptives be recommended to
nursing mothers? Adv Contracept 10: 249-255.

. Truitt ST, Fraser AB, Grimes DA, Gallo MF, Schulz KF (2003) Combined

hormonal versus nonhormonal versus progestin-only contraception in lactation.
Cochrane Database Syst Rev 2.

. Davies KJ, Quintanilha AT, Brooks GA, Packer L (1982) Free radicals and

tissue damage produced by exercise. Biochem Biophys Res Commun 107:
1198-1205.

. Husain K, Somani SM (1998) Interaction of exercise training and chronic ethanol

ingestion on testicular antioxidant system in rat. J Appl Toxicol 18: 421-429.

Kavlock RJ, Daston GP, De Rosa C, Fenner CP, GrayKattari LE, et al. (1996)
Research needs for the risk assessment of health and environmental effect of
endocrine disruptors: A report of the USEPA sponsored workshop. Env Hith
Perspect 104: 714-740.

J steroids Horm Sci, an open access journal
ISSN: 2157-7536

Volume 8 + Issue 1+ 1000184


http://dx.doi.org/10.3109/01674829309084432
http://dx.doi.org/10.3109/01674829309084432
http://dx.doi.org/10.3109/01674829309084432
https://doi.org/10.1095/biolreprod.102.010637
https://doi.org/10.1095/biolreprod.102.010637
https://doi.org/10.1095/biolreprod.102.010637
http://europepmc.org/abstract/med/11082976
http://europepmc.org/abstract/med/11082976
http://dx.doi.org/10.1530/REP-08-0438
http://dx.doi.org/10.1530/REP-08-0438
http://dx.doi.org/10.1530/REP-08-0438
https://doi.org/10.2147/PPA.S35612
https://doi.org/10.2147/PPA.S35612
https://doi.org/10.2147/PPA.S35612
http://dx.doi.org/10.1210/endo.143.8.8968
http://dx.doi.org/10.1210/endo.143.8.8968
http://dx.doi.org/10.1210/endo.143.8.8968
http://dx.doi.org/10.1210/endo.143.8.8968
http://dx.doi.org/10.1016/j.reprotox.2005.05.006
http://dx.doi.org/10.1016/j.reprotox.2005.05.006
http://dx.doi.org/10.1016/j.reprotox.2005.05.006
http://dx.doi.org/10.1530/rep.1.01231
http://dx.doi.org/10.1530/rep.1.01231
https://www.jstor.org/stable/29716905?seq=1#page_scan_tab_contents
https://www.jstor.org/stable/29716905?seq=1#page_scan_tab_contents
http://dx.doi.org/10.1007/s00114-002-0384-1
http://dx.doi.org/10.1007/s00114-002-0384-1
http://dx.doi.org/10.1007/s00114-002-0384-1
http://dx.doi.org/10.1016/j.apjr.2016.04.015
http://dx.doi.org/10.1016/j.apjr.2016.04.015
http://dx.doi.org/10.1016/j.apjr.2016.04.015
http://www.sciencedirect.com/science/article/pii/S2305050016301750
http://www.sciencedirect.com/science/article/pii/S2305050016301750
http://www.sciencedirect.com/science/article/pii/S2305050016301750
http://dx.doi.org/10.1016/j.rbmo.2013.02.005
http://dx.doi.org/10.1016/j.rbmo.2013.02.005
http://www.sciencedirect.com/science/article/pii/S0002937802000285
http://www.sciencedirect.com/science/article/pii/S0002937802000285
http://www.sciencedirect.com/science/article/pii/S0002937802000285
http://www.sciencedirect.com/science/article/pii/S0002937802000285
http://dx.doi.org/10.1089/bfm.2011.0105
http://dx.doi.org/10.1089/bfm.2011.0105
http://dx.doi.org/10.1089/bfm.2011.0105
http://dx.doi.org/10.1089/bfm.2011.0105
http://dx.doi.org/10.1007/s00114-004-0521-0
http://dx.doi.org/10.1007/s00114-004-0521-0
http://dx.doi.org/10.1007/s00114-004-0521-0
http://www.sciencedirect.com/science/article/pii/S0378432097000481
http://www.sciencedirect.com/science/article/pii/S0378432097000481
http://www.sciencedirect.com/science/article/pii/S0378432097000481
http://dx.doi.org/10.1097/DAD.0b013e31819e8d01
http://dx.doi.org/10.1097/DAD.0b013e31819e8d01
http://dx.doi.org/10.1097/DAD.0b013e31819e8d01
https://www.cabdirect.org/cabdirect/abstract/19880850151
https://www.cabdirect.org/cabdirect/abstract/19880850151
http://dx.doi.org/10.1002/jat.796
http://dx.doi.org/10.1002/jat.796
http://dx.doi.org/10.1002/jat.796
http://dx.doi.org/10.1530/jrf.0.0250185
http://dx.doi.org/10.1530/jrf.0.0250185
http://dx.doi.org/10.1530/jrf.0.0250185
http://dx.doi.org/10.1002/path.1710970303
http://dx.doi.org/10.1002/path.1710970303
http://dx.doi.org/10.1046/j.1432-1327.1999.00245.x
http://dx.doi.org/10.1046/j.1432-1327.1999.00245.x
http://dx.doi.org/10.1046/j.1432-1327.1999.00245.x
http://dx.doi.org/10.1006/dbio.2000.9785
http://dx.doi.org/10.1006/dbio.2000.9785
https://www.elsevier.com/books/reproduction-in-domestic-animals/cupps/978-0-08-057109-6
https://www.elsevier.com/books/reproduction-in-domestic-animals/cupps/978-0-08-057109-6
http://dx.doi.org/10.1046/j.1365-2605.2003.00385.x
http://dx.doi.org/10.1046/j.1365-2605.2003.00385.x
http://dx.doi.org/10.1046/j.1365-2605.2003.00385.x
http://dx.doi.org/10.1046/j.1365-2605.2003.00385.x
http://dx.doi.org/10.1007/BF01984121
http://dx.doi.org/10.1007/BF01984121
http://dx.doi.org/10.1007/BF01984121
http://dx.doi.org/10.1002/14651858.CD003988
http://dx.doi.org/10.1002/14651858.CD003988
http://dx.doi.org/10.1002/14651858.CD003988
http://www.sciencedirect.com/science/article/pii/S0006291X82801241
http://www.sciencedirect.com/science/article/pii/S0006291X82801241
http://www.sciencedirect.com/science/article/pii/S0006291X82801241
http://dx.doi.org/10.1002/(SICI)1099-1263(199811/12)18:6%3c421::AID-JAT532%3e3.0.CO;2-R
http://dx.doi.org/10.1002/(SICI)1099-1263(199811/12)18:6%3c421::AID-JAT532%3e3.0.CO;2-R
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1469675/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1469675/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1469675/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1469675/

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Materials
	Methods

	Results 
	Testis histological observations
	Histomorphometry

	Discussion
	Conclusion
	Recommendations
	Acknowledgements 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Table 1
	Table 2
	References

