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ABSTRACT

Objective: To investigate the potential of variable doses of Neurokinin B on histomorphology of epididymis in adult rabbits.
Study Design: Laboratory-based experimental study.

Place and Duration of Study: Gomal Centre of Biochemistry and Biotechnology, Gomal University, Dera Ismail Khan,
Pakistan, from Jun 2019 to Jun 2020.

Methodology: Adult male New Zealand White rabbits with an average weight of 1.5-2 Kg were randomly assigned to three
groups. Study animals were administered subcutaneously with Neurokinin B in two variable doses: 1 pg and one ng. Control
rabbits were injected with distilled water in parallel. After 12 days of continuous peptide treatment, animals (n=06) in each
group were sacrificed. Epididymis were dissected and processed for light microscopy and sperm count.

Results: Mean epididymis weight (mg) increased significantly (p<0.001) with the treatment of Neurokinin B 1 ng and
Neurokinin B 1 ug as compared to control. With the increase in doses of Neurokinin B (1 ng, 1 pg), the lumen of caput, corpus
and cauda of the epididymis got significantly (p<0.001) dilated dose-dependently in Neurokinin B treated animals. Sperm
count increased significantly (p<0.001) in the Neurokinin B-treated rabbits compared to the control. Light microscopy revealed
increased luminal diameter compared to control in all Neurokinin B treated groups as compared to control.

Conclusion: Continuous administration of Neurokinin B could benefit the epididymis, as shown by increased luminal

diameter and sperm count.
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INTRODUCTION

The epididymis consists of a pair of elongated
tubular structures connected to the dorsal surface of
the testes, with one epididymis corresponding to each
testis. Each epididymis is anatomically divided into
three segments: the head (caput), body (corpus), and
tail (cauda). Positioned on the posterior aspect of the
testis, the caput is at the upper pole, while the cauda is
at the lower pole.! Neurokinin B, a tachykinin peptide
hormone family member, is synthesised from the pre-
protachykinin-B gene.? The prepropeptide is cleaved
enzymatically to pro neurokinin B and then to
Neurokinin B.3 Biological effects of Neurokinin B are
mediated through NK3R (Neurokinin 3 receptor),
which belongs to the G-protein coupled membrane
receptor.?

Topaloglu et al. (2009) reported that mutations in
TAC3 (gene encoding Neurokinin B) or its receptor
TACR3 (gene encoding NK3R) resulted in
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hypogonadotropic hypogonadism.# This finding
provides the initial evidence of the essential role of
Neurokinin B in the reproductive signalling system
and the regulation of the gonadotropic axis. Further
evidence supporting the crucial role of Neurokinin B in
the reproductive axis emerged when deletional
and missense mutations in TAC3 and TACRs were
found to be associated with hypogonadotropic
hypogonadism.®

Pharmacologic administration of Neurokinin B or
its agonists and antagonists has resulted in disparate
effects on GnRH and LH secretion. The simultaneous
administration of Neurokinin B and Kisspeptin
amplifies the stimulatory effects of Kisspeptin while
suppressing its positive impact on GnRH release in
male rodents.® In prepubertal male rats, central
administration of Senktide (Neurokinin B agonist)
increases FSH, whereas adult rats exhibit no FSH or
LH responses.” However, in adult male mice, central
administration of Senktide significantly increased FSH
and LH levels. Additionally, Neurokinin B antagonists
are potent suppressors of follicular growth and
estradiol secretion in females.”
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While Neurokinin B is recognised for its
significant involvement in the onset of puberty and
maintenance of reproductive capability, information
regarding its chronic effects on the epididymis is
scarce. Consequently, the present study was designed
to investigate the effects of variable doses of
Neurokinin B on the histomorphology of adult male
rabbits' epididymis after subcutaneous administration.

METHODOLOGY

This is Laboratory based experimental study was
conducted at the Gomal Centre of Biochemistry and
Biotechnology, Gomal University, Dera Ismail Khan,
Pakistan, from June 2019 to June 2020 after approval by
the Ethics Review Board, Gomal University (No.
118/QEC/GU dated January 29, 2019). Animal
handling was also in accordance with the European
Union regulations on animal research guidelines.0

Inclusion Criteria: Adult male New Zealand white
rabbits (Oryctolagus cuniculus) [n=18] weighing 1.5-2
Kg were inlcuded.

Exclusion Criteria: Adult male rabbits already on
drug therapy, used in any study/experiment within
the last six months, or currently on medication for any
disease within the last month were excluded.

Rabbits were purchased from the National
Institute of Health, Islamabad, Pakistan. During the
study period, they were retained in the animal house
facility of Gomal University, Dera Ismail Khan,
Pakistan. Animals were acclimatised for ten days
before the start of the experiment. They were
maintained at a 12-hour Light: Dark cycle, the
temperature of 25+2°C, and food and water ad
libitum.

Neurokinin B (Catalogue # N4143-1MG) was
purchased from Sigma-Aldrich (Saint Louis, USA) in
lyophilised form. Neurokinin B was dissolved in 1 ml
of Dimethyl Sulfoxide (DMSO) (VWR, USA) to obtain
the stock solution. The stock solution was then diluted
with distilled water to be injected subcutaneously.
Animals were assigned randomly into three groups
(n=6 in each group). Group-I rabbits constituted the
control and were injected subcutaneously with
distilled water. Group-II rabbits received one pg (1.2
pmol) Neurokinin B, Group-IlI rabbits received one ng
(1.2 nmol) Neurokinin B subcutaneously twice daily,
after every 12 hours, for 12 days consecutively. After
12 days of treatments, the animals in each group were
sacrificed, and epididymis was dissected to investigate

the effects doses of

Neurokinin B.

of administering variable

To investigate the effect of peptide treatments,
animals were anaesthetised by sodium pentobarbital
(60mg/kg body weight subcutaneously) three hours
after the last dose of Neurokinin B. Animals were
dissected; epididymis were identified and dissected.
The three regions (Caput, Carpus, and Cauda) of each
epididymis were separated by using scalpel blades.
Excised tissue was weighed and rinsed in phosphate-
buffered saline (P4417, Sigma-Aldrich, Saint Louis,
USA). The excised tissue was then processed for light
microscopy.

For histologic examination, epididymis was fixed
in freshly prepared 4% paraformaldehyde (pH 7.2)
(16005, Sigma-Aldrich, Saint Louis, USA) for 6 hours.
Tissue samples were dehydrated using increasing
concentrations of alcohol, cleared by xylene and
embedded in paraffin wax. Tissue sections of 5 um
were cut using a microtome (Sakura Accu-Cut SRM
200, USA), stained with Harris’s Hematoxylin and
eosin  and mounted in DPX-Dibutylphthalate
Polystyrene Xylene (Merck, Germany; 100579).

To quantify the sperms, the epididymis were
snap-frozen using liquid nitrogen and stored at -80°C
until they were assayed. Each epididymis was
transferred to a petri dish containing phosphate buffer
and placed on a preheated slide warmer (35°C-37°C)
for 30 seconds. The caudal region of each epididymis
was removed by surgical blade and transferred to a
petri dish containing preheated buffer. The cauda
regions were opened through a surgical blade to
release its content. Tissue-containing petri dishes were
vortexed and kept at 37°C in an incubator for 15
minutes. After incubation, the contents of the Petri
dishes were mixed again using a micropipette and 500
pl was transferred to Eppendorf tubes that already
contained 1000 pl of phosphate buffer and vortexed.
Eppendorf tubes were incubated in a water bath at
~60°C for 60 seconds. Eppendorf tubes were allowed
to cool and mixed again, and ten pl of the solution was
loaded at each side of the improved Neubauer
chamber. The loaded Neubauer chamber was placed in
a petri dish containing moist tissue paper for some
time to fix the sperm. After that, a loaded Neubauer
chamber was observed under the light microscope.
Sperms were counted by using a hand tally counter.
The mathematical calculation of sperm count was done
through the following formula.
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Total Sperm = Mean Count X Dilution Factor
(Count 1 + Count 2)
2

Mean Count =

Total PBSin petri dish Total voltest tube

Transfered vol.

Dilution factor =

vol.secondary square X No.sguares

Tissue sections for the light microscopy were
examined and photographed using Optika B-510BF
(Optika, Italy) with a camera attached (C-B10, Optika,
Italy). The tubular diameter of the epididymis was
measured using the camera software Optika Proview
(Optika, Italy) after calibration with the calibration
slide at 4x, 10x and 40x.

Results were organised in Microsoft Excel 2013
and then transferred to Statistical Package for Social
Sciences (SPSS, version 26, IBM Inc. Chicago, Illinois,
USA). The normality of the data was confirmed by the
Kolmogorov-Smirnov  test. Organ weight and
epithelial heights were expressed as Mean+SEM
(standard error of the mean). Statistical significance
was tested using the one-way ANOVA followed by
post hoc Tukey’s test, and p<0.05 was considered
statistically significant.

RESULTS

Epididymis weights (mg) increased significantly

at variable doses of Neurokinin B 1pg (1.92+0.28;

p<0.001) and Neurokinin B 1ng (1.58+0.22; p<0.05)
when compared to control (1.14+0.29).

Normal non-peptide treated epididymis ducts
consist of smooth muscular walls with columnar to
cuboidal epithelium having microvilli. The epithelium
consists of principal cells, characterised by their tall
columnar shape with apical stereocilia, responsible for
secretory and excretory functions. Additionally,
smaller basal cells are located peripherally,
contributing to detoxification; halo cells serve as
immune cells and tall clear cells with absorptive
functions. In the head, the tubules exhibit the smallest
luminal diameter and the tallest epithelium, featuring
a pseudostratified columnar structure with nuclei at
the base. Conversely, in the tail, the tubules have a
larger luminal diameter, and the epithelium is shorter,
displaying a transition from cuboidal to simple
columnar, accompanied by round to flattened nuclei
(Figures 1- 3).

With the increase in doses of Neurokinin B (1ng,
1pg), the lumen of caput got a significantly (p<0.001)
dilated dose-dependently in Neurokinin B-treated
animals. The lumen of the corpus got significantly

Figure-1: Photomicrographs of caput region of the epididymis
of control Oryctolagus cuniculus and administered with 1ng

and 1pg of Neurokinin B. (a-b). Control caput of rabbit’s
epididymis, showing normal lumen. (c-d). The caput of
rabbit’s epididymis was administered with 1ng Neurokinin B,
showing lumen dilation. (e-f). Caput of rabbit’s epididymis
administered with 1pg Neurokinin B. A marked dilatation of
the caput lumen was observed as compared to low dose and
control. Magnification:- Scale bar, left panel 50pm, right
panel20pm
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Figure-2: Photomicrographs of corpus region of the epididymis
of control Oryctolagus cuniculus and administered with 1ng
and 1pg of Neurokinin B. (a-b). Control corpus of rabbit’s
epididymis, showing normal lumen. (c-d). Corpus of rabbit’s
epididymis administered with 1ng Neurokinin B, showing
lumen dilation. (e-f). Corpus of rabbit's epididymis
administered with 1pg Neurokinin B, showing marked dilated
lumen as compared to control and low dose. Magnification:-
Scale bar, left panel 50pm, right panel 20pm

(p<0.001) dilated as the dose of Neurokinin B
increased (Ing,1pg). A dilation in the lumen of cauda
of epididymis was observed significantly (p<0.001)
after administration of Neurokinin B as compared to
control (Figure-4). Sperm count increased significantly
(p<0.001) in the Neurokinin B-treated rabbits as
compared to control (Figure-5).

Pak Armed Forces Med ] 2024; 74(1): 230



Differential Impact of Subcutaneous Neurokinin

n 1 A ' ,,_“ .
Figure-3: Photomicrographs of the cauda region of the
epididymis of control Oryctolagus cuniculus administered
with 1ng and 1pg of Neurokinin B. (a-b). Control cauda of
rabbit’s epididymis, showing normal lumen. (c-d). Cauda of
rabbit’s epididymis administered with 1ng Neurokinin B.
Showing lumen dilation. (e-f). Cauda of rabbit’s epididymis
administered with 1pg Neurokinin B, showing marked dilated
lumen as compared to control and low dose. Magnification:-
Scale bar, left panel 50pm, right panel 20pm
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Figure-4: Lumen of caput (a), corpus (b) and cauda (c) regions
of epididymis dilated at different doses of Neurokinin B as
compared to control (***p<0.001)
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Figure-5: Sperm count (109) increased in Neurokinin B treated
groups dose-dependently as compared to the control group
(***p<0.001)

DISCUSSION

Neurokinin B has been recently identified as a key
player in regulating the reproductive axis. Effects of
acute central and peripheral administration of
Neurokinin B, six its agonist (Senktide),”8 and
antagonist (5B22220),° on the reproductive axis have
been explored previously. However, the effects of
long-term (chronic) administration of these peptides
on epididymis have yet to be investigated thoroughly.
To this end, Neurokinin B at 02 different doses (1 pg,
one ng) was administered subcutaneously twice daily
to adult male rabbits for 12 days continuously to
investigate the effect of peptide administration.

The epididymis weight increased significantly
with the Neurokinin B treatment compared to control.
Histological analysis of epididymis sections revealed
increased tubular diameter and epithelial height with
Neurokinin B treatment.

The stimulatory effects of acute administration of
Neurokinin B and its agonists on the reproductive axis
have been demonstrated previously in mice and rats.!0
Pharmacologic manipulation of the reproductive axis
is of substantial therapeutic importance in pathologic
conditions, especially in puberty and fertility-related
disorders and treatment of neoplasms of reproductive
origin.1!

The present study provides contrasting evidence
to continuous Kisspeptin administration, which
resulted in degenerative changes in testicular tissue
and accessory sex glands in adult and prepubertal
male rats.’213 Here, we report a stimulatory effect of
Neurokinin B on epididymis in adult male rabbits. It
was demonstrated that a deficiency of Neurokinin B
resulted in pubertal delay and sexual maturation.l4
Garcia et al. demonstrated that Senktide (Neurokinin B
agonist) stimulated the release of Kisspeptin and
GnRH in prepubertal and pubertal male primates.1>

In the present study, a significant increase was
observed in the luminal diameter of the epididymis
and sperm count in Neurokinin B-treated groups.
Histomorphological ~examination of epididymis
supported this phenomenon. Reaet al. categorised
the Rattus. They demonstrated that gonadotropins and
testosterone levels were decreased with a reduction of
body weight and sperm count when the rats were
injected with an  antagonist of GnRH.1¢
Histomorphological examination of different regions
(caput, corpus, cauda) of the epididymis in the present
study presents that exogenous Neurokinin B positively
affects epididymis by increasing the luminal size and
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sperm count. The diameter of the lumen of each region
of the epididymis got dilated, and this was parallel to
the study of Hamzeh et al. (2009), which stated that
testosterone has a vital role in sustaining the structure
and activity of the epididymis. Testosterone dilates the
regressed epididymis after testosterone replacement
therapy in orchidectmized Rattus, and the luminal
diameter increased significantly in contrast to the
control group.” McLachlan et al. demonstrated that
withdrawal of LH results in the suppression of
spermatogenesis and a significant reduction in the
number of spermatogonia, spermatocytes and
spermatids.’® Presently, the increased luminal diameter
of the epididymis and sperm count in Neurokinin B
treated groups may be due to the increased production
of gonadotropins and sex steroids.

Enhanced expression of Neurokinin B and
tachykinin receptors were reported in rat and human
testis.2?® Therefore, a direct effect may also be
speculated for local regulation of reproduction at a
gonadal level in addition to HPG axis with functional
Neurokinin B and its receptors. It has been reported
that effects of GnRH agonists and antagonists may
have a direct extra-pituitary inhibitory and excitatory
effect on gonads.?02! It has been recently shown that a
single injection of Neurokinin B or Senktide caused
positive effects. In contrast, Neurokinin B antagonists
caused degenerative changes in testicular tissue and
the HPG axis.?>?® Leydig cells are the only source of
testosterone production in the testis; it is possible that
Neurokinin B treatment modulated Leydig cell
function and increased testosterone production.
Observations of the present study further strengthen
this possibility that Neurokinin B treatment resulted in
increased sperm count in adult rabbits (Figure 5). LH
receptors are present on the Leydig cells, and their
stimulation resulted in increased testosterone
production,® and both LH and testosterone are
responsible for normal spermatogenesis in rats.?

This is the first study to investigate the effects of
continuous administration of variable doses of
Neurokinin B on the histomorphology of epididymis
after their subcutaneous administration. Therefore, an
exact comparison with other studies is not possible at
present.

Funding Source

The authors declared no specific grant for this research
from any funding agency in the public, commercial or non-
profit sectors. However, the Publication charges for this
article are fully/partially borne from the Khyber Medical
University Publication Fund (DIR/ORIC/Ref/24/00038).

CONCLUSION

The present study concluded that continuous
administration of Neurokinin B could have a sensitising
effect on the histomorphology of epididymis, characterised
by increased luminal diameter and sperm count.

Conflic of Interest: None.
Authors’ Contribution

Following authors have made substantial contributions to
the manuscript as under:

FR & RZ: Data acquisition, data analysis, critical review,
approval of the final version to be published.

MHR: Concept, Study design, data interpretation, drafting
the manuscript, critical review, approval of the final version
to be published.

Authors agree to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and
resolved.

REFERENCES

1. Sherwood L. Human Physiology: From Cells to Systems. Ninth
ed. Boston, MA 02210, USA: Cengage Learning; 2016.

2. Almeida TA, Rojo ], Nieto PM, Pinto FM, Hernandez M, Martin
JD, et al. Tachykinins and tachykinin receptors: structure and
activity relationships. Curr Med Chem 2004; 11(15): 2045-2081.
https://doi.org/10.2174/0929867043364748.

3. Page NM, Woods R], Gardiner SM, Lomthaisong K, Gladwell
RT, Butlin D], et al. Excessive placental secretion of neurokinin B
during the third trimester causes pre-eclampsia. Nature 2000;
405(6788): 797-800. https:/ /doi.org/10.1038 /35015579.

4. Topaloglu AK, Reimann F, Guclu M, Yalin AS, Kotan LD, Porter
KM, et al. TAC3 and TACR3 mutations in familial
hypogonadotropic hypogonadism reveal a key role for
Neurokinin B in the central control of reproduction. Nat Genet
2009; 41(3): 354-358. https://doi.org/10.1038 /ng.306.

5. Young ], Bouligand ], Francou B, Raffin-Sanson ML, Gaillez S,
Jeanpierre M, et al. TAC3 and TACR3 defects cause
hypothalamic congenital hypogonadotropic hypogonadism in
humans. ] Clin Endocrinol Metab 2010; 95(5): 2287-2295.
https:/ /doi.org/10.1210/jc.2009-2600.

6. Corander MP, Challis BG, Thompson EL, Jovanovic Z, Loraine
Tung YC, Rimmington D, et al. The effects of neurokinin B upon
gonadotrophin release in male rodents. ] Neuroendocrinol
2010;22(3): 181-187.
https://doi.org/10.1111/.1365-2826.2009.01951 .x.

7. Ruiz-Pino F, Garcia-Galiano D, Manfredi-Lozano M, Leon S,
Sanchez-Garrido MA, Roa J, et al. Effects and interactions of
tachykinins and dynorphin on FSH and LH secretion in
developing and adult rats. Endocrinology 2015; 156(2): 576-588.
https://doi.org/10.1210/en.2014-1026.

8. Navarro VM, Bosch MA, Leén S, Simavli S, True C, Pinilla L, et
al. The integrated hypothalamic tachykinin-kisspeptin system as
a central coordinator for reproduction. Endocrinology 2015;
156(2): 627-637. https:/ /doi.org/10.1210/en.2014-1651.

9. Skorupskaite K, George ], Anderson RA. Role of a neurokinin B
receptor antagonist in the regulation of ovarian function in
healthy women. Lancet 2015; 385 (Suppl 1): S92.
https://doi.org/10.1016 /s0140-6736(15)60407-x.

10. European Animal Research Association. EU regulations on
animal research London, England: European Animal Research

Pak Armed Forces Med ] 2024; 74(1): 232


https://doi.org/10.2174/0929867043364748
https://doi.org/10.1038/35015579
https://doi.org/10.1038/ng.306
https://doi.org/10.1210/jc.2009-2600
https://doi.org/10.1111/j.1365-2826.2009.01951.x
https://doi.org/10.1210/en.2014-1026
https://doi.org/10.1210/en.2014-1651
https://doi.org/10.1016/s0140-6736(15)60407-x

11.

12.

13.

14.

15.

16.

17.

18.

Differential Impact of Subcutaneous Neurokinin

Association. Available at: https://www.eara.eu/animal-
research-law [Accessed on November 28, 2023].

Szeliga A, Podfigurna A, Bala G, Meczekalski B. Kisspeptin and
neurokinin B analogs use in gynecological endocrinology: where
do we stand? ] Endocrinol Invest 2020; 43(5): 555-561.

https:/ /doi.org/10.1007 /s40618-019-01160-0.

Thompson EL, Murphy KG, Patterson M, Bewick GA, Stamp
GW, Curtis AE, et al. Chronic subcutaneous administration of
kisspeptin-54 causes testicular degeneration in adult male rats.
Am ] Physiol Endocrinol Metab 2006; 291(5): E1074-1082.

https:/ /doi.org/10.1152/ajpendo.00040.2006.

Ramzan F, Qureshi IZ. Intraperitoneal kisspeptin-10
administration induces dose-dependent degenerative changes in
maturing rat testes. Life Sci 2011; 88(5-6): 246-256.

https:/ /doi.org/10.1016/j.1fs.2010.11.019.

True C, Nasrin Alam S, Cox K, Chan Y-M, Seminara SB.
Neurokinin B Is Critical for Normal Timing of Sexual Maturation
but Dispensable for Adult Reproductive Function in Female
Mice. Endocrinology 2015; 156(4): 1386-1397.

https:/ /doi.org/10.1210/en.2014-1862.

Garcia JP, Keen KL, Kenealy BP, Seminara SB, Terasawa E. Role
of Kisspeptin and Neurokinin B Signaling in Male Rhesus
Monkey Puberty. Endocrinology 2018; 159(8): 3048-3060.
https://doi.org/10.1210/en.2018-00443.

Rea M, Marshall G, Weinbauer G, Nieschlag E. Testosterone
maintains pituitary and serum FSH and spermatogenesis in
gonadotrophin-releasing hormone antagonist-suppressed rats. J
Endocrinol 1986; 108(1): 101-107.

Hamzeh M, Robaire B. Effect of testosterone on epithelial cell
proliferation in the regressed rat epididymis. ] Androl 2009;
30(2): 200-212.

Mclachlan RI, Wreford NG, Meachem SJ], De Kretser DM,
Robertson DM. Effects of Testosterone on Spermatogenic Cell
Populations in the Adult Rat. Biol Reprod 1994; 51(5): 945-955.

19.

20.

21.

22.

23.

24.

25.

https:/ /doi.org/10.1095/biolreprod51.5.945.

Candenas L, Lecci A, Pinto FM, Patak E, Maggi CA, Pennefather
JN. Tachykinins and tachykinin receptors: effects in the
genitourinary tract. Life Sci 2005; 76(8): 835-862.
https://doi.org/10.1016/1.1fs.2004.10.004.

van Kroonenburgh MJPG, Beck JL, Vemer HM, Rolland R,
Thomas CMG, Herman CJ, et al. Effects of a single injection of a
new depot formulation of an LH-releasing hormone agonist on
spermatogenesis in adult rats. ] Endocrinol 1986; 111(3): 449-NP.
https:/ /doi.org/10.1677 /joe.0.1110449.

Hsueh AJW, Schaeffer JM. Gonadotropin-releasing hormone as a
paracrine hormone and neurotransmitter in extra-pituitary sites.
] Steroid Biochem 1985; 23(5, Part 2): 757-764.
https://doi.org/10.1016 /50022-4731(85)80011-X.

Sasaki T, Sonoda T, Tatebayashi R, Kitagawa Y, Oishi S,
Yamamoto K, et al. Peripheral administration of SB223412, a
selective neurokinin-3 receptor antagonist, suppresses pulsatile
luteinizing hormone secretion by acting on the gonadotropin-
releasing hormone pulse generator in estrogen-treated
ovariectomized female goats. ] Reprod Develop 2020; 66(4): 351-
357. https:/ /doi.org/10.1262/ird.2019-145.

Ramaswamy S, Seminara SB, Ali B, Ciofi P, Amin NA, Plant TM,
et al. Neurokinin B stimulates GnRH release in the male monkey
(Macaca mulatta) and is colocalized with kisspeptin in the
arcuate nucleus. Endocrinology 2010; 151(9): 4494-4503.

https:/ /doi.org/10.1210/en.2010-0223.

Johnson LC, Fisher G, Silvester JL, Hofheins CC. Anabolic
steroid: effects on strength, body weight, oxygen uptake and
spermatogenesis upon mature males. Med Sci Sports Exerc 1972;
4(1): 43-46.

Zirkin BR. Spermatogenesis: its regulation by testosterone and
FSH. Semin Cell Dev Biol 1998; 9(4): 417-421.

https:/ /doi.org/10.1006/scdb.1998.0253.

Pak Armed Forces Med ] 2024; 74(1): 233


https://www.eara.eu/animal-research-law
https://www.eara.eu/animal-research-law
https://doi.org/10.1007/s40618-019-01160-0
https://doi.org/10.1152/ajpendo.00040.2006
https://doi.org/10.1016/j.lfs.2010.11.019
https://doi.org/10.1210/en.2014-1862
https://doi.org/10.1210/en.2018-00443
https://doi.org/10.1095/biolreprod51.5.945
https://doi.org/10.1016/j.lfs.2004.10.004
https://doi.org/10.1677/joe.0.1110449
https://doi.org/10.1016/S0022-4731(85)80011-X
https://doi.org/10.1262/jrd.2019-145
https://doi.org/10.1210/en.2010-0223
https://doi.org/10.1006/scdb.1998.0253

