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ABSTRACT

Oxytocin (OXT) is a critical endocrine, paracrine and autocrine factor in male reproductive system. In seasonal 
breeders, the expression of OXT and its receptor (OXTR) were observed in germ cells, Sertoli cells, Leydig cells, and 
the membrane of the seminiferous tubules, indicating that OXT plays roles in spermatogenesis and steroidogenesis. 
OXT and OXTR were expressed in epithelial cells and smooth muscle cells in the epididymis as well as the epithelial 
cells in ductus deferens, suggesting that OXT is involved in the sperm transportation. The intensity of OXT and 
OXTR expression was significantly higher in the breeding season than in the non-breeding season. Several studies 
demonstrated that the size of reproductive organs and the rate of sperm production vary depending on the season. 
These results implied that OXT and OXTR systems appear to be important factors for promoting and maintaining 
reproductive functions in breeding season. Changes in the expression level of OXT and OXTR, along with the 
seasonal variation of reproductive functions, indicate that OXT system plays important roles in reproductive 
functions in seasonal breeders. Therefore, treatment with OXT may improve the male reproductive functions of 
infertile/sub fertile seasonal breeders.
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INTRODUCTION

The reproductive status of seasonal breeders is regulated by 
photoperiodic. As a basic mechanism for the photoperiod system, 
mammals receive the photoperiodic information into the retina, 
and the photoperiodic information is transmitted to the pineal 
gland to control the secretion of melatonin [1]. Melatonin indirectly 
participates in the secretion of Gonadotropin-Releasing Hormone 
(GnRH) to promote or inhibit the secretion of Luteinizing 
Hormone (LH) and Follicle Stimulation Hormone (FSH) in the 
pituitary gland. The LH and FSH regulate the secretion of sex 
steroid hormone in the gonads, and this mechanism determines 
the breeding and non-breeding seasons [1]. The efficiency of 
reproductive functions dramatically changes depending on the 
season in male seasonal breeders. Sperm production reduction and 
reproductive organ size reduction occur during the non-breeding 
season. In stallions, the number of sperm decreases by half, and 
the testis length is reduced by approximately 28% during non-
breeding season [2]. The process of seasonal changes of testes is 
similar to that of testicular degeneration, which is the main cause 

of sub/infertility of stallions [3]. Therefore, by observing hormones 
and growth factors that change following the season, the cause of 
sub/infertility can be identified, and treatment methods can be 
derived. Oxytocin (OXT) comprises six cyclic amino acid structures 
with a tail of three amino acids [4]. The OXT is produced by the 
magnocellular neurons within the paraventricular nucleus and 
supraoptic nucleus of the hypothalamus. The OXT is released 
from the magnocellular neurons into the posterior pituitary [5]. 
OXT effects on the reproductive system as endocrine and paracrine 
factors. Salehi and coworkers demonstrated that the OXT treatment 
increased the GnRH expression in hypothalamus tissues of rats [6]. 
Also, OXT administration induced the increase of peripheral LH 
and FSH levels in this species [7]. The OXT and oxytocin receptor 
(OXTR) were expressed in the testis and reproductive tract of 
seasonal breeders. Several studies demonstrated that the expression 
level of OXT and OXTR also changes with the season [4,8,9]. With 
these concepts, we hypothesized that OXT and OXTR are essential 
factors influencing the male reproductive system of seasonal 
breeders. In this review, the seasonal modification of expression 
level and functions of OXT and OXTR in seasonal breeders were 
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discussed. This information may be used to develop a therapeutic 
approach for subfertility or infertility of the males of seasonal 
breeders.

LITERATURE REVIEW

The expression of OXT and OXTR in the reproductive 
systems and their functions in the male of seasonal 
breeders

The expression of OXT and OXTR in the testis: The OXTR 
expression was observed in the cytoplasm of spermatogonia, 
round, elongating, elongated spermatids, and fully elongated 
spermatids of stallions [4]. In rams, OXTR was expressed in 
the cytoplasm of spermatogonia, Pachytene spermatocytes, and 
elongating spermatids [10] (Table 1). The expression of OXTR 
in germ cells indicates that OXT is involved in the process of 
spermatogenesis. The effects of OXT on inducing spermatogenesis 
were revealed in several studies. A long-term OXT treatment 
induced the proliferation of spermatogonia, spermatocytes, and 
spermatids, followed by the increased sperm output in rabbits [11]. 
Whittington and coworkers demonstrated that OXT treatment 
increased the population of spermatozoa in the rete testis fluid 
compared with the treatment with saline and OXT antagonist 
in rams [10]. Also, sperm cells were shed earlier in bovine OXT 
transgene mice than in the wild-type as well as the OXT knockout 
mice [12]. These results support the fact that OXT is a key 
modulator for spermatogenesis. There was an expression of OXTR 

in the Leydig cells of the stallions [4]. Also, OXT and OXTR were 
observed in the rams [10,13]. In bucks, OXT was observed in the 
interstitial tissues, including the Leydig cells (Table 1) [14]. Several 
studies suggested that OXT affects the secretion of testosterone 
and dihydrotestosterone as well as the activation of 5α-reductase 
in Leydig cells. These results suggest that OXT plays a vital role 
in steroidogenesis in Leydig cells, but its function depends on the 
species, developmental stages, and treatment periods. In the Sertoli 
cells of stallions, OXTR was not expressed [4]. However, the OXT 
and OXTR expression was detected in Sertoli cells of rams [10,13]. 
OXT was also observed in Sertoli cells of bucks (Table 1) [14]. So 
far, no study indicates the direct function of OXT in Sertoli cells. 
The fact that the expression of OXTR in Sertoli cells suggests that 
OXT supports spermatogenesis via Sertoli cells regulation. The 
OXTR was expressed in the basal membrane of the seminiferous 
tubule in stallions and rams (Table 1) [4,10]. The basal membrane 
was involved in the contractility of seminiferous tubules. OXT 
treatment induced a significant increase of seminiferous tubule 
contractility from stage VII to stage VIII in rats [15]. Following 
these results, we suggested that the OXT and OXTR systems may 
be associated with the spermiation process, which involves the 
movement of spermatids to the lumen of the seminiferous tubule.

The expression of OXT and OXTR in the epididymis: Several 
studies demonstrated that OXT and OXTR were expressed in 
epididymis cells of seasonal breeders. In stallions, OXT was 
expressed in epithelial cells and smooth muscle layers, and OXTR 
was expressed in principal cells and basal cells [4,16]. In rams, OXT 

Tissue Species Method OXT OXTR

Testis

Stallion [4,16] IHC (+) Interstitial cell, tail of spermatozoa
-Seminiferous tubule

(+) Spermatogonia, spermatid, seminiferous tubule membrane, 
Leydig cell 

WB (+)

RT-PCR (+)

Ram [10,13]

IHC (+) Leydig cell (+) Spermatogonia

 ICC + Sertoli cell
pachytene spermatocyte, early spermatid, late spermatid, Sertoli 

cell, seminiferous tubule membrane, Leydig cell 
- Myoid cell layer

WB (+)
 (+) Spermatogonia, pachytene spermatocyte, early spermatid, late 

spermatid

Buck [14] IHC (+) Sertoli cell

+ Interstitial tissue

RT-PCR (+)

Epididymis

Stallion [4,16] IHC (+) Epithelial cell, smooth muscle layer (+) Principal cell, basal cell

Ram [10,13]
IHC (+) Principal cell (+) Epithelial cell

 ICC + Peritubular smooth muscle layer (not expressed in caput)

WB (+)
(+) Spermatogonia (not expressed in caput), pachytene 

spermatocyte, early spermatid, late spermatid

Muskrat [8] IHC (+) Epithelial cell, smooth muscle cell (+) Epithelial cell, smooth muscle cell

RT-PCR (+) (+)

Ground 
squirrel [9]

IHC (+) Epithelial cell, smooth muscle cell (+) Epithelial cell, smooth muscle cell

RT-PCR (+)

Ductus 
deferens

Ram [10] IHC (+) Epithelial cell, circular smooth muscle layer
- Longitudinal smooth muscle

Note: (+): Detected, +: Weak detection, -: Not detected.
IHC: Immunohistochemistry, ICC: Immunocytochemistry, WB: Western blot, RT-PCR: Reverse transcription-polymerase chain reaction.

Table 1: OXT and OXTR expression in male reproductive tract of seasonal breeder.
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expression was found in principal cells, and OXTR expression was 
noticed in epithelial cells [10,13]. Muskrats and ground squirrels, 
OXT and OXTR were expressed in both epithelial cells and smooth 
muscle cells (Table 1) [8,9]. Nicholson and coworkers demonstrated 
the effect of OXT treatment in sperm transport of rams [17]. In 
this study, the fluid output and the population of spermatozoa 
increased in the OXT injected groups (10 and 100 µg), but these 
parameters decreased in the OXT antagonist injected group. The 
results suggest that OXT may regulate the function of epididymis 
cells. 

The expression of OXTR in the ductus deferens: The OXTR 
expression was detected in epithelial cells in the seminiferous 
tubules of rams (Table 1) [10]. Knight demonstrated that the OXT 
treatment promoted the contraction and tonus in ductus deferens 
of rams [18]. Following these results, OXT may induce sperm 
transport in ductus deferens.

The seasonal effect on the reproductive system and OXT 
and OXTR expression in seasonal breeders

Seasonal changes of the reproductive system in seasonal breeders: 
Dramatic changes occur in the male reproductive system of 
seasonal breeders. In stallions, the parenchymal weight of testis, 
volume and population of germ cells, daily sperm production 
rate, and germ cell degeneration significantly increase during the 
breeding season [2]. Also, the volume of Leydig cells and nuclei as 
well as the population of Leydig cells significantly increases during 
the breeding season [19]. In muskrats and ground squirrels, the 
weight and length of the epididymis were significantly larger than 
the non-breeding season during the breeding season [8,9], and in 
these species, there was a significant increase in epithelial thickness, 
lumen diameter, and population of mature spermatozoa during the 
breeding season.

Seasonal changes of OXT and OXTR expression of the 
reproductive system in seasonal breeders:  Several studies observed 
that OXT and OXTR expression were higher during the breeding 
season compared with the non-breeding season. In testicular tissues 
of stallions [4], there was an intensive expression of OXTR protein 
during the breeding season. In epididymis tissues of ground 
squirrels, the same results were indicated [9]. The immunoreactivity 
of OXT and OXTR were higher in the epididymis of muskrats and 
ground squirrels castrated in the breeding season [8,9]. Additionally, 
the mRNA level of OXT and OXTR was significantly higher in 
the breeding season of these species. OXT level in the testis and 
epididymis was significantly higher in the breeding season than in 
the non-breeding season in ground squirrels [9]. In muskrats, the 
OXT concentration was also significantly higher in the epididymis 
of the breeding season and vice versa [8]. The intensity of OXTR 
protein increased as the breeding season approached [4]. In 
muskrats during the breeding season, as the epididymis weight 
increases, the expression level of OXT and OXTR mRNA increases 
[8]. In ground squirrels, the expression level of OXTR mRNA and 
protein changed with epididymis weight in the same way during 
seasonal changes [9]. The results of these studies suggest that the 
expression level of the OXT system in the reproductive organs 
changes along with the seasonal dependent reproductive functions 
in seasonal breeders [20].

CONCLUSION

In previous studies, OXT and OXTR were expressed in the 
reproductive system of seasonal breeders. Also, changes in the 
expression level of OXT and OXTR, along with the seasonal 
variation of reproductive functions, indicate that OXT system plays 
important roles in reproductive functions in seasonal breeders. 
Therefore, treatment with OXT may improve the male reproductive 
functions of infertile/sub fertile seasonal breeders.

ACKNOWLEDGMENTS

None

CONFLICT OF INTEREST

None declared.

REFERENCES

1. Dardente H, Lomet D, Robert V, Decourt C, Beltramo M,
Pellicer-Rubio MT. Seasonal breeding in mammals: From
basic science to applications and back. Theriogenology.
2016;86(1):324-332.

2. Johnson L. Increased daily sperm production in the breeding
season of stallions is explained by an elevated population of
spermatogonia. Biol Reprod. 1985;32(5):1181-1190.

3. Oristaglio-Turner RM. pathogenesis, diagnosis, and
management of testicular degeneration in stallions. Clin Tech
Equine Pract. 2007;6(4):278-284.

4. Jung Y, Yoon M. Oxytocin receptor expression in stallion testes
and epididymides. Domest Anim Endocrinol. 2021;74:106562.

5. Moberg KU, Handlin L, Kendall-Tackett K, Petersson M.
Oxytocin is a principal hormone that exerts part of its effects by
active fragments. Med Hypotheses. 2019;133.

6. Salehi MS, Khazali H, Mahmoudi F, Janahmadi M. Oxytocin
intranasal administration affects neural networks upstream of
GNRH neurons. J Mol Neurosci. 2017;62(3):356-362.

7. Robinson G, Evans JJ. Oxytocin has a role in gonadotropin
regulation in rats. J Endocrinol 1990;125(3):425-432.

8. Liu Q, Xie W, Xiao Y, Gao F , Gao Q , Zhang H, et al. Seasonal
expressions of oxytocin and oxytocin receptor in epididymis
of the male muskrat (Ondatra zibethicus). Theriogenology.
2019;124:24-31.

9. Yuan Z, Wang Y, Yu W, Xie W, Zhang Z, Wang J, et al.
Seasonal expressions of oxytocin and oxytocin receptor in the
epididymides in the wild ground squirrels (Citellus Dauricus
Brandt). Gen Comp Endocr. 2020;289.

10. Whittington K, Assinder SJ, Parkinson T, Lapwood KR,
Nicholson HD. Function and localization of oxytocin
receptors in the reproductive tissue of rams. Reproduction.
2001;122(2):317-325.

11. Melin P. Spermatogenesis and sperm output in rabbits after
long-term treatment with oxytocin. Acta Endocrinol-Cop.
1971;66(3):515.

12. Assinder SJ, Rezvani A, Nicholson HD. Oxytocin promotes
spermiation and sperm transfer in the mouse. Int J Androl.

https://www.sciencedirect.com/science/article/abs/pii/S0093691X1630084X
https://www.sciencedirect.com/science/article/abs/pii/S0093691X1630084X
https://academic.oup.com/biolreprod/article/32/5/1181/2842153?login=true
https://academic.oup.com/biolreprod/article/32/5/1181/2842153?login=true
https://academic.oup.com/biolreprod/article/32/5/1181/2842153?login=true
https://www.sciencedirect.com/science/article/abs/pii/S1534751607000431
https://www.sciencedirect.com/science/article/abs/pii/S1534751607000431
https://www.sciencedirect.com/science/article/abs/pii/S0739724020301296
https://www.sciencedirect.com/science/article/abs/pii/S0739724020301296
https://www.sciencedirect.com/science/article/pii/S0306987719306784
https://www.sciencedirect.com/science/article/pii/S0306987719306784
https://link.springer.com/article/10.1007/s12031-017-0943-8#citeas
https://link.springer.com/article/10.1007/s12031-017-0943-8#citeas
https://link.springer.com/article/10.1007/s12031-017-0943-8#citeas
https://joe.bioscientifica.com/view/journals/joe/125/3/joe_125_3_012.xml
https://joe.bioscientifica.com/view/journals/joe/125/3/joe_125_3_012.xml
https://www.nature.com/articles/s41598-017-16973-3#citeas
https://www.nature.com/articles/s41598-017-16973-3#citeas
https://www.nature.com/articles/s41598-017-16973-3#citeas
https://www.sciencedirect.com/science/article/pii/S0016648019304769
https://www.sciencedirect.com/science/article/pii/S0016648019304769
https://www.sciencedirect.com/science/article/pii/S0016648019304769
https://rep.bioscientifica.com/view/journals/rep/122/2/317.xml
https://rep.bioscientifica.com/view/journals/rep/122/2/317.xml
https://eje.bioscientifica.com/view/journals/eje/66/3/acta_66_3_012.xml
https://eje.bioscientifica.com/view/journals/eje/66/3/acta_66_3_012.xml
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2605.2002.0318a.x
https://onlinelibrary.wiley.com/doi/full/10.1046/j.1365-2605.2002.0318a.x


4

Yoon M, et al. OPEN ACCESS Freely available online

Andrology, Vol.11 Iss.S1 No:100004

2002;25(1):19-27. 

13. Assinder SJ, Carey M, Parkinson T, Nicholson HD. Oxytocin 
and vasopressin expression in the ovine testis and epididymis: 
Changes with the onset of spermatogenesis. Biol Reprod. 
2000;63(2):448-456. 

14. Inaba T, Nakayama Y, Tani H, Tamada H, Kawate N, Sawada 
T. Oxytocin gene expression and action in goat testis. 
Theriogenology. 1999;52(3):425-34. 

15. Harris GC, Nicholson HD. Stage-related differences in rat 
seminiferous tubule contractility in vitro and their response to 
oxytocin. J Endocrinol. 1998;157(2):251-257. 

16. Watson ED, Nikolakopoulos E, Gilbert C, Goode J. Oxytocin 
in the semen and gonads of the stallion. Theriogenology. 

1999;51(4):855-865. 

17. Nicholson HD, Parkinson TJ, Lapwood KR. Effects of oxytocin 
and vasopressin on sperm transport from the cauda epididymis 
in sheep. J Reprod Fertil. 1999;117(2):299-305. 

18. Knight TW. A qualitative study of factors affecting the 
contractions of the epididymis and ductus deferens of the ram. 
J Reprod Fertil. 1974;40(1):19-29. 

19. Johnson L, Thompson DL, Jr. Seasonal variation in the total 
volume of Leydig cells in stallions is explained by variation in 
cell number rather than cell size. Biol Reprod. 1986;35(4):971-
979. 

20. Evans JW, Finley M. Gnrh therapy in a stallion of low fertility. 
J Equine Vet Sci. 1990;10(3):182-186. 

https://academic.oup.com/biolreprod/article/63/2/448/2723115?login=true
https://academic.oup.com/biolreprod/article/63/2/448/2723115?login=true
https://academic.oup.com/biolreprod/article/63/2/448/2723115?login=true
https://www.sciencedirect.com/science/article/abs/pii/S0093691X99001405
https://joe.bioscientifica.com/view/journals/joe/157/2/251.xml
https://joe.bioscientifica.com/view/journals/joe/157/2/251.xml
https://joe.bioscientifica.com/view/journals/joe/157/2/251.xml
https://www.sciencedirect.com/science/article/abs/pii/S0093691X99000321
https://www.sciencedirect.com/science/article/abs/pii/S0093691X99000321
https://rep.bioscientifica.com/view/journals/rep/117/2/jrf_117_2_012.xml
https://rep.bioscientifica.com/view/journals/rep/117/2/jrf_117_2_012.xml
https://rep.bioscientifica.com/view/journals/rep/117/2/jrf_117_2_012.xml
https://rep.bioscientifica.com/view/journals/rep/40/1/jrf_40_1_003.xml
https://rep.bioscientifica.com/view/journals/rep/40/1/jrf_40_1_003.xml
https://academic.oup.com/biolreprod/article/35/4/971/2764606?login=true
https://academic.oup.com/biolreprod/article/35/4/971/2764606?login=true
https://academic.oup.com/biolreprod/article/35/4/971/2764606?login=true
https://www.sciencedirect.com/science/article/abs/pii/S0737080606801565

	Title
	Corresponding Author
	ABSTRACT
	Keywords



