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 Kisspeptin has an important role in the stimulation of hypothalamic-pituitary-gonadal axis 
in term of pubertal development, release of reproductive and metabolic hormones and 
ultimately affecting the fertility. The aim of the present study was to evaluate the serum 
kisspeptin level and its correlation with semen quality and selected hormones in buffalo bulls 
during the summer and spring seasons. Semen and blood samples from eight Nili-Ravi buffalo 
bulls (age: 9.21 ± 1.02 years) were collected. Semen was analysed using computer-assisted 
semen analysis. Serum concentrations of kisspeptin, gonadotropin releasing hormone (GnRH), 
follicle-stimulating hormone (FSH), luteinizing hormone (LH), testosterone, cortisol, 
triiodothyronine (T3), thyroxin (T4) and insulin like growth factor (IGF-1) were estimated 
using enzyme-linked immunosorbent assay kits. Kisspeptin was neither affected by seasons and 
nor correlated with semen parameters and hormones. Higher levels of GnRH, LH, cortisol, IGF-1, 
total motility (TM), average path velocity (VAP), straight-line velocity (VSL), curvilinear velocity 
(VCL) and linearity (LIN) were recorded in summer compared to spring. Correlations of GnRH 
versusIGF-1 and LH, LH versus IGF-1 and cortisol, FSH versus T4 and testosterone, testosterone 
versus T3 and T4 and T3 versus T4 were observed. The GnRH and IGF-1 were positively 
associated with TM, VAP, VSL, VCL and LIN. The LH was correlated with VSL, straightness and 
LIN. In conclusion, GnRH, LH, and IGF-1 correlations with semen parameters can be used to 
indicate semen quality. The buffalo bulls are well-adapted and can give quality semen in the 
summer season. 

© 2021 Urmia University. All rights reserved. 
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Introduction 
 

Kisspeptin also called as metastatin,1 is the peptide 
product of the Kiss1 gene stimulating gonadotropin 
releasing hormone (GnRH) secretion having vital 
reproductive function.2 Cell bodies of kisspeptin neurons 
are mainly reported in two areas of the hypothalamus in 
mammals. One population is in the arcuate nucleus (ARC) 
of buffalo3 and cattle.4 The other population is in the pre-
optic area (POA) of buffalo3 and cattle.5 Kisspeptin and its 
receptors Kiss1r have also been characterized in the 
buffalo brain.6 Higher expressions of Kiss1 gene and CYP 
gene (a rate-limiting enzyme for steroidogenesis in testes) 
have been previously described in post-pubertal animals 
compared to pre-pubertal bulls.7 Interestingly, findings of 
higher expression of mRNA in the POA than the ARC3,7 are 
 

 contrary to cattle, in which Kiss1 mRNA expression is 
higher in ARC than POA of the hypothalamus. The role of 
kisspeptin in steroidogenesis and functional development 
of spermatozoa is evident from the co-increase of Kiss1 
gene expression with steroidogenic enzymes genes 
including CYP11A1, HSD3B1, CYP17 and CYP19.8 The 
Kiss1 and Kiss1r are also expressed in testicular tissue and 
the kisspeptin secreted by testes could contribute to 
circular concentration of kisspeptin.9,10 This suggests that 
there may be involvement of kisspeptin in the fertility of 
bulls by altering the steroidogenic activity of testicles.  

Different factors can influence the reproductive 
efficiency in buffalo bulls including season as well as 
congenital, nutritional, and hormonal variations.11 Seasons 
can affect the fertility of buffalo bull semen used in 
artificial insemination.12 The fertility rate following 
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artificial insemination with cryopreserved semen is lower 
in buffalo than cattle ascribing to the low-grade 
cryopreserved semen.13 Administration of exogenous 
kisspeptin has been found to stimulate the secretion of 
luteinizing hormone (LH) from the anterior pituitary in 
buffalo14 and cattle.15 So, it can be suggested that 
kisspeptin may affect the buffalo fertility. There is a body 
of evidence describing the effects of seasons on semen 
quality in cattle16,17 and buffaloes.12,18,19 However, seasonal 
fluctuation of kisspeptin and its association with semen 
quality and other hormonal levels in buffalo bull are yet to 
be elucidated. Therefore, the present study aimed at 
investigating the serum kisspeptin level and its association 
with semen attributes and selected hormones like 
kisspeptin, GnRH, follicle-stimulating hormone (FSH), LH, 
testosterone, insulin like growth factor (IGF-1), 
triiodothyronine (T3), thyroxin (T4) and cortisol during 
the summer and spring seasons. 
 
Materials and Methods 
 

The study was conducted after the approval from the 
Institutional Review Committee for Biomedical Research, 
University of Veterinary and Animal Sciences, Lahore, 
Pakistan (No. DR/1978). 

The study was carried out during two seasons 
including the hot humid summer season (August-
September 2017) and the spring season (February-March 
2018) at Semen Production Unit, Qadirabad, Punjab, 
Pakistan (30.7189° N, 73.2514° E). Seasons were classified 
according to the previous study at the same station.20 
Blood and semen samples were collected from eight Nili-
Ravi buffalo bulls of an average age of 9.21 ± 1.02 years. 
Blood was collected from the jugular vein in a plain 
vacutainer twice a season with one-week interval. Serum 
was separated by centrifuging the blood sample at 3,000 
rpm for 15 min and the supernatant was collected using 
micropipette by tilting the vacutainer at 45° and stored at 
– 40.00 ˚C for further analyses. 

Hormonal assays. Serum concentration of kisspeptin 
was estimated using bovine kisspeptin enzyme-linked 
immunosorbent assay (ELISA) kit (Nanjing Pars Biochem 
Co, Ltd. Nanjing, China). The serum concentration of GnRH 
was determined using the bovine ELISA kits (Elabscience 
Biotechnology Inc., Houston, USA). Testosterone, FSH, LH 
and IGF-1 were estimated with the help of commercial 
ELISA kits (Fine Biotech Co., Ltd, Wuhan, China). The T3, 
T4 and cortisol were measured using ELISA kits 
(Monobind Inc., Lake Forest, USA). All ELISA plates were 
read on Epoch™ micro-plate spectrophotometer (Biotek 
Instruments Inc., Winooski, USA). 

Semen collection and evaluation. Semen samples 
were collected using a standard technique as described 
earlier.21 Briefly, the semen samples were collected in 
graduated tubes using artificial vagina. The bulls were  
 

 allowed normally a false mount before collection of semen. 
After the collection of semen, each ejaculate was held in a 
water bath at 37.00 ˚C until evaluated for volume, 
individual motility percentage and sperm concentration 
per ejaculate for inclusion and exclusion in the study. 
Spermatozoa showing > 70.00% motility along with 
concentration of > 1.00 × 109 spermatozoa mL-1 were 
further processed for cryopreservation.  

Semen processing. The final concentration of 30.00 × 
106 spermatozoa per 0.50 mL French semen straw was 
ensured by diluting the sample with regular a semen 
extender. These straws were kept in a cooling cabinet for 
90 min at 4.00 ˚C and equilibrated for 2 hr at the same 
temperature.12 Thereafter, straws were placed at 4.00 cm 
above liquid nitrogen surface vapours for 10 min. Semen 
straws were directly immersed into the liquid nitrogen 
and stored until analysed.22  

Computer-assisted semen analysis (CASA). Sperm 
motility and other kinematics were assessed by 
equilibrating the frozen-thawed semen in 37.00 ˚C water 
bath for 10 min. Then, the post-thawed semen parameters 
like total motility (TM; %), progressive motility (PM; %), 
average path velocity (VAP; μm sec-1), curvilinear velocity 
(VCL; μm sec-1), straight-line velocity (VSL; μm sec-1), 
straightness (STR; %; ratio of VSL/VAP) and linearity (LIN; 
%; ratio of VSL/VCL) were analysed with the CASA 
(CEROS; Hamilton Thorne Biosciences, Beverly, USA). 
Standard settings of CASA were used to analyse bubaline 
semen sample.12 

Semen assays. Eosin–nigrosine staining technique 
was used to evaluate the viability of spermatozoa.23 
Briefly, 0.67 g of eosin B (Merck, Darmstadt, Germany) was 
mixed with 10.00 g nigrosine (Merck) and 0.90 g of NaCl in 
100 mL of distilled water to prepare working solution of 
stain. Smear was stained instantly using the working 
solution and observed for liveability under a phase-
contrast microscope (LX400; Labomed, Los Angeles, USA) 
at 400×. Sperm membrane integrity was assessed by the 
hypo-osmotic swelling test.24 The hypo-osmotic solution 
was prepared by dissolving 1.35 g fructose and 0.73 g of 
sodium citrate in 100 mL distilled water. Final osmolarity 
was kept at osmotic pressure of 150 mOsmol kg-1 
(Osmomat 030; Gonotec, Berlin, Germany). The sample 
was mixed with the working solution and evaluated for 
membrane integrity based on tail coiling. The percentage 
of the normal apical ridge was assessed by a method 
already explained.25 Briefly, the semen sample was mixed 
in 10:1 ratio with 1.00% solution of formal citrate and 
analysed for intactness of apical ridge. The DNA damage 
was detected by the acridine orange (AO) staining 
technique.26 Briefly, the air-dried smear was immersed in 
Carnoy’s solution (glacial acetic acid and methanol: 1:3). 
Slides were incubated for 7 min at 60.00 ˚C in tampon 
solution (0.30 M Na2HPO4 + 0.10 M citric acid: 1:16 at pH: 
2.50) after complete fixation. Thereafter, the smear was  
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stained (in dark) with AO stain (1,000 μg mL-1 in distilled 
water; Sigma-Aldrich, St. Louis, USA) for 5 min after 
rinsing with water. The slides were analysed immediately 
under fluorescent microscope (Labomed).  

Statistical analysis. Data were presented as mean ± 
SEM and analysed using SPSS (version 20.0; IBM Corp., 
Armonk, USA). Data were evaluated for normal 
distribution by Shapiro-Wilk test. Based on distribution, 
seasonal data were compared using paired sample t-test 
and Wilcoxon test. The associations between semen and 
hormonal attributes were assessed using Pearson’s and 
Spearman’s correlations according to the data normality. 
Level of significance was set at p < 0.05.  
 
Results  
 

Seasonal effect on hormonal and semen profiles. 
Seasonal differences of hormonal levels are presented in 
Table 1. Kisspeptin concentration was similar in the summer 
and spring seasons. The concentration of GnRH, LH and 
IGF-1 was higher (p < 0.05) in the summer compared to 
the spring season. Cortisol was tended to be higher (p = 
0.06) in the summer compared to the spring season. The 
concentration of T4 was higher (p < 0.05) in the spring 
season compared to the summer season. Post-thawed 
semen analysis revealed that the values of TM, VAP, VSL, 
VCL and LIN were higher (p < 0.05) in the summer than 
spring. Other kinetic and morphological features of sperm 
remained unaffected by season (Table 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 Correlation of endocrine status with semen 
parameters. As shown in Table 3, kisspeptin did not show 
any association with under-studied hormones. However, 
GnRH was positively correlated (p < 0.05) with IGF-1 and 
LH. Testosterone was positively correlated (p < 0.05) with 
T3, T4 and FSH. The FSH has a positive correlation (p < 
0.05) with T4. Cortisol was positively correlated (p < 0.01) 
with LH. The T3 was positively correlated (p < 0.05) with 
T4. The serum concentration of kisspeptin did not exhibit 
any correlation with the semen attributes. However, GnRH 
was positively correlated (p < 0.05) with TM, VAP, VSL, 
VCL and LIN (Table 4). The LH also showed a positive 
correlation (p < 0.05) with VSL, STR and LIN. The IGF-1 
had a positive correlation (p < 0.05) with TM, VAP, VSL 
and LIN (Table 4).  

 Table 1. Serum hormonal concentration during summer and 
spring seasons. 

Hormones Summer Spring p-value 

T3 (ng mL-1) 0.90 ± 0.02 0.93 ± 0.04 0.341 
T4 (µg dL-1) 4.06 ± 0.16 4.63± 0.26 0.009 
GnRH (pg mL-1) 79.54 ± 2.32 56.61 ± 0.32 0.012 
Kisspeptin (ng L-1) 27.91 ± 3.34 27.27 ± 2.64 1.000 
IGF-1 (ng mL-1) 283.16 ± 20.31 198.29 ± 14.35 0.002 
FSH (mIU mL-1) 8.51 ± 0.69 10.10 ± 0.69 0.091 
LH (mIU mL-1) 5.14 ± 0.40 3.75 ± 0.21 0.024 
Testosterone (ng mL-1) 2.36 ± 0.11 2.38 ± 0.25 0.902 
Cortisol (nmol L-1) 10.23 ± 1.36 5.42 ± 1.50 0.056 

GnRH: Gonadotropin releasing hormone; FSH: Follicle-
stimulating hormone; LH: Luteinizing hormone; T3: Triiodo-
thyronine; T4: Thyroxin; IGF-1: Insulin like growth factor. 

Table 2. Semen parameters during summer and spring seasons. 

Parameters Summer Spring p-value 

Total motility (%) 85.13 ± 1.62 75.70 ± 2.63 0.035 
Progressive motility (%) 30.75 ± 4.68 29.21 ± 2.03 0.529 
Average path velocity (µm sec-1) 75.19 ± 3.81 48.41 ± 4.75 0.006 
Straight line velocity (µm sec-1) 65.84 ± 3.94 40.19 ± 4.38 0.008 
Curvilinear velocity (µm sec-1) 109.60 ± 4.48 84.19 ± 7.10 0.023 
Straightness (%) 85.56 ± 1.30 82.06 ± 1.07 0.092 
Linearity (%) 60.44 ± 2.07 46.81 ± 1.21 0.002 
Viability (%) 74.75 ± 2.74 70.55 ± 2.27 0.670 
Hypo-osmotic swelling test (%) 72.82 ± 1.01 69.23 ± 1.92 0.085 
Normal apical ridge (%) 73.50 ± 1.36 70.57 ± 1.72 0.137 
DNA integrity (%) 97.75 ± 0.36 97.17 ± 0.32 0.088 

 
Table 3. Correlation of serum kisspeptin with endocrine profiles of buffalo bulls. 

Parameters T3 T4 GnRH Kisspeptin IGF-1 FSH LH Testosterone Cortisol 

T3 1.00 0.54* 0.16 -0.10 0.19 0.40 0.04 0.61* –0.14 
T4  1.00 –0.44 0.29 –0.02 0.65** –0.15 0.58* –0.28 
GnRH   1.00 –0.08 0.74** -0.47 0.55* 0.07 0.49 
Kisspeptin    1.00 0.37 0.02 -0.11 0.12 0.01 
IGF-1     1.00 0.02 0.66** 0.30 0.42 
FSH      1.00 –0.02 0.61* 0.14 
LH       1.00 0.16 0.58* 
Testosterone        1.00 0.17 
Cortisol         1.00 

GnRH: Gonadotropin releasing hormone; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; T3: Triiodothyronine; T4: 
Thyroxin; IGF-1: Insulin like growth factor. 
Correlation coefficient with * is significant at p < 0.05; while, ** is significant at p < 0.01. 
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Discussions  
 

Several studies regarding seasonal effects on hormonal 
profiles11,20 as well as semen quality parameters18,27 have 
already been reported in buffalo bulls. In the present 
study, the serum concentration of kisspeptin was not 
affected by seasons in buffalo bulls. Besides, there was no 
association of kisspeptin with under-studied hormones as 
well as semen parameters. It has been observed that the 
kisspeptin neurons are higher in POA than ARC of the 
hypothalamus in buffalo3,7 and there is also an evidence of 
no change in kisspeptin expression at POA in different 
seasons.28 So, it may be possible that testicular kisspeptin 
may also interact with circulating kisspeptin10 or some 
other factors involved in consistent concentration of 
kisspeptin in both seasons. Recent findings of no 
association between Kiss1r on spermatozoa and sperm 
motility29 also support this correlation. It is well 
documented that kisspeptin acts on the hypothalamus to 
release GnRH2,30 and a higher level of GnRH in summer 
without any alteration in kisspeptin was observed in this 
study. So, it can be inferred that there may be some other 
pathways which are also controlling the release of GnRH. 
In spite of the inhibitory role of cortisol on GnRH,31 it did 
not affect the GnRH in our study. To find out the reason, 
ewe model was used and elaborated that cortisol does not 
affect the hypothalamus in the absence of gonadal steroids 
still needing further studies to be fully elucidated.32 Higher 
GnRH in the summer season may also be due to longer day 
length. The GnRH is released from the hypothalamus and 
acts on gonadotrophs in the anterior pituitary to release 
FSH and LH which have receptors on Sertoli cells and 
Leydig cells, respectively.33 These gonadotropins control 
male fertility by controlling the steroidogenesis and 
spermatogenesis. In our study, hormonal correlations 
showed that the GnRH concentration was positively 
correlated with LH and IGF-1. This may be due to the fact 
that the acute or prolonged shock may cause GnRH 
neuron stimulation as well as an increase in LH pulse34 and 
GnRH neurons are co-expressed with IGF-1 neurons.35  
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

However, the GnRH did not show any correlation with FSH 
which may be due to the difference in frequency of GnRH 
pulse. Accordingly, higher GnRH pulse frequency may 
suppress the release of FSH.36 The GnRH and LH levels 
were positively correlated with semen parameters being 
comparable with the previous studies on buffaloes.27 
Exogenous administrations of GnRH has also shown a 
positive effect on semen parameters in cattle bulls.37 In our 
study, a higher level of LH was observed in the summer 
season compared to the spring season. We had also 
observed a positive correlation between LH and cortisol, 
which is consistent with the study in which the higher 
cortisol resulted in increased concentration of LH.38 
Although the exact reason for this is not fully known, there 
may be some other factors altering the sensitivity of 
anterior pituitary.39,40 A constant concentration of 
testosterone at different ambient temperatures may be 
due to its metabolism.41 A positive correlation of 
testosterone with ejaculatory volume without any effect 
on sperm kinematics of Nili Ravi buffalo bulls,42 agrees 
with our study. These results were also consistent with 
previous studies,43,44 showing that testosterone does not 
have any significant correlation with semen parameters. 
Among metabolic hormones, IGF-1 has an important role 
in male fertility due to its receptors on Sertoli cells, Leydig 
cells and spermatozoa.45 The higher serum concentration 
of IGF-1 was found in males with normal sperm motility 
than those with abnormal sperm motility.46,47 

We observed better semen quality during summer 
which may be due to the reason that our studied time 
(August-September) was closer to breeding season peak.19 
Improved semen parameters were also documented 
during the summer in buffalo.18,48 However, our results are 
in contradiction with the study,49 observing no significant 
difference of motility in different seasons; while, other 
parameters were better in the spring and autumn seasons. 
It can be inferred that in buffalo, the testosterone and 
thyroid hormones might not be affected by season; 
however, the higher levels of GnRH, LH and IGF-1 may 
increase most of the spermatogenic parameters.  

Table 4. Correlation of reproductive hormones with semen attributes of buffalo bulls. 

Parameters GnRH Kisspeptin FSH LH Testosterone T3 T4 IGF-1 Cortisol 

Total motility (%) 0.75** 0.20 –0.24 0.34 0.19 0.03 –0.15 0.54* 0.16 
Progressive motility (%) –0.09 –0.07 –0.01 -0.15 0.19 0.06 0.13 –0.19 –0.45 
Average path velocity (µm sec-1) 0.75** –0.04 –0.47 0.49 0.04 0.06 –0.38 0.52* 0.09 
Straight line velocity (µm sec-1) 0.76** –0.06 –0.46 0.53* 0.06 0.07 –0.38 0.51* 0.09 
Curvilinear velocity (µm sec-1) 0.70** –0.02 –0.46 0.34 0.01 0.15 –0.28 0.48 –0.00 
Straightness (%) 0.49 –0.08 –0.30 0.59* 0.12 0.09 –0.23 0.35 –0.08 
Linearity (%) 0.71** –0.05 –0.41 0.68** 0.04 –0.09 –0.46 0.53* 0.23 
Viability (%) 0.04 0.10 –0.35 0.05 –0.19 –0.28 –0.27 -0.05 0.04 
Hypo-osmotic swelling test (%) 0.32 0.03 –0.36 0.23 –0.23 –0.34 –0.20 0.21 –0.11 
Normal apical ridge (%) 0.12 0.06 –0.39 0.10 –0.34 –0.72** –0.49 -0.09 0.27 
DNA integrity (%) 0.34 –0.07 –0.20 0.52* 0.05 –0.14 –0.18 0.26 0.19 

GnRH: Gonadotropin releasing hormone; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; T3: Triiodothyronine; T4: 
Thyroxin; IGF-1: Insulin like growth factor. 
Correlation coefficient with * is significant at p < 0.05; while, ** is significant at p < 0.01. 
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Collectively, kisspeptin was not influenced by the 
season in our experimental conditions. Further studies 
using molecular techniques regarding the kisspeptin 
neuron stimulation in different seasons are required. 
However, positive correlations of GnRH, LH and IGF-1 with 
semen traits may be used as potential indicators of semen 
quality. Better semen quality in hot weather shows that 
buffalo bulls are adapted to this season and semen 
collected in this season can also be cryopreserved for 
artificial insemination without any insecurity.  
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