


Effect of exogenous human kisspeptin 10 on concentration of estradiol, progesterone and estrus behavior in Bhadawari Buffaloes

ABSTRACT
[bookmark: _GoBack]Kisspeptin is identified as a neuropeptide having its response on various endocrines leading to significant impact on reproductive physiology in livestock. The aim of the research was to evaluate the effect of Human Kisspeptin 10 (hKp10) on the concentration of plasma estradiol (E2), progesterone (P4) and visual estrus signs in cyclic Bhadawari buffalo. Four cyclic Bhadawari buffaloes pre-fitted with jugular cannula were administered hKp10 @ 1.5, 2.5, 5 µg/ kg body weight and 2ml normal saline as a control on D 10 of estrous cycle (D0- Day of estrus) in a fashion that none of the buffaloes received the same dose twice. All experimental buffaloes received all the hKp10 doses and/ or NS at least once at 2 days interval. Blood samples collected in heparinised tubes at -60, -30, 0 (just before injection of hKp10), 15, 30, 45, 60, 90 and 120 minutes after the hKp 10 and/ or NS injection. Plasma was separated. Estimation of E2 and P4 was done using ELISA kit. There was non-significant (P>0.05) increase in the level of plasma E2 and P4 at 1.5, 2.5 and 5µg/ kg body weight hKp10 doses in the treated buffaloes compared to control (NS infused samples). The response on visible estrus signs was significant when observed between untreated (control group) and hKp10 treated estrous cycle. 
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1. INTRODUCTION: Bhadawari is an improved riverine buffalo breed predominantly concentrated in Uttar Pradesh and Madhya Pradesh, India. The breed has an average age at 1st calving, service period, dry period, milk yield ad average calving interval are 48.6 months, 138 days, 220 days, 1029kg ad 445 days respectively (Sethi, 2005). It is highly tolerant to disease and resists adverse effects of high rise in temperature during summer (Arora et al., 2004). The average milk fat, Solid not Fat (SNF), protein and lactose recorded were 8.26, 9.57, 4.05 and 5.23 % respectively in Bhadawari milk (ICAR-IGFRI Annual Report 2015-16). It thrives well in the harsh agro-climatic conditions (Naha, 2013) making it suitable milch breed for the climate resilience. Generally, Bhadawari buffaloes have sub-optimum reproductive efficiency in terms of attainment of puberty and sexual maturity. The expression of estrus is very poor and often goes un-noticed. The different phases of reproductive cycle are regulated by interaction between hypothalamo- pituitary-gonadal axis. It is essential to know about the concentration of indigenous E2, P4and observation of signs of estrus in response to hKp10 administration between hKp10 treated and untreated group with an aim of alleviating the reproductive constraints like silent estrus or weak exhibition of heat signs in Bhadawari buffaloes. Several studies are reported on hormones in buffaloes including Murrah (Jerome et al., 2017), Nili- Ravi (Warriach et al., 2012), Surti (Chaudhari et al., 2022) and Jaffrabadi buffaloes (Raval et al., 2021). Inter-relationship between kisspeptin, E2, P4 and estrus behavioral signs has not been reported in buffaloes. 
Kisspeptin is identified as a fascinating neuropeptide having a variety of roles in the reproductive physiology. It is synthesized mainly by the kiss1 gene present in the Hypothalamic kisspeptin-expressing neurones located in the anteroventral periventricular nucleus, periventricular nucleus, anterodorsal preoptic nucleus and arcuate nucleus (Han et al. 2005, Smith et al. 2005, 2006) as 145-aminoacid peptide that is cleaved proteolytically in a 54-amino acid called kisspeptin-54. They further degrade into shorter kisspeptin-14, kisspeptin-13 or kisspeptin-10. All functional kisspeptins share the same C terminal amino acid sequence that activates when binds with the G protein coupled/ GPR54 or Kiss 1r receptor (Ohtaki et al. 2001; Kotani et al. 2001; Muir et al. 2001). It has emerged as a key endogenous secretagogue of GnRH secretion (Messanger et al. 2005). Kisspeptin is found to be a controller of pulsatile GnRH secretion that regulates folliculogenesis, steroidogenesis and also cause GnRH surge that results in ovulation in females (Matzsuda et al. 2019). It is reported to be a robust stimulator of LH when used exogenously in cattle  (Kadokawa et al. 2008), goat (Hashizume et al. 2010), sheep (Caraty et al. 2007), horse (Magee et al. 2009), pig (Lents et al. 2008), mouse (Gottsch et al. 2004), primate (Shahab et al. 2005) including human (Dhillo et al. 2005). Synthesis of kisspeptin and its hypothalamic presence is reported in buffaloes too (Chaikhun et al. 2016). 
Various evidence indicates that KISS1–KISS1R signaling occurs primarily at the hypothalamic level to regulate GnRH secretion, there is increasing evidence that kisspeptin and/or its receptor are expressed at various other peripheral tissues of the reproductive system, including the gonads (Naniwa et al. 2013, Gaytan et al. 2014, Hu et al.2017, Cao et al. 2019). Ovarian expression of KISS1 and KISS1R mRNA and/or protein has been reported in various species, including human (Castellano et al. 2006), rat (Zhou et al.2014), cat (Cielesh et al. 2017), dog (Basini et a. 2018) and pig (Tanyapanyachon et al. 2018)
In Bhadawari buffalo the response of exogenous kisspeptin on plasma concentration of E2 , P4 and various estrus signs is not known and their reproductive importance has not been studied till date. The objective of the present study was to investigate the response of kisspeptin administration on the plasma concentration of E2, P4 and exhibition of estrus behaviors. 
2. MATERIALS AND METHODS
2.1	EXPERIMENTAL ANIMALS- Four cyclic Bhadawari buffaloes aged 4 to 5 years with mean body weight 265 kg were used for the experimentation at Livestock Farm Complex, Faculty of Veterinary and Animal Sciences (FVAS), Institute of Agricultural Sciences, Rajiv Gandhi South Campus (RGSC), Banaras Hindu University (BHU), Barkachha, Mirzapur-231001, India located at 25.05078° N, 82.59928° E. The maximum and minimum temperature recorded during the experiment ranged between 100- 300 C (December- March, 2024). These buffaloes were kept under semi intensive system, fed ad-libitum green and dry fodder with concentrate mixture at the rate of 1.5 kg per day per animal. They were examined for health, absence of anatomical abnormalities and were selected on the basis of regular estrous cyclicity.
2.2	EXAMINATIONS- Confirmation of ovulation and presence of CL was diagnosed by trans-rectal palpation and ultrasonography. They were given two consecutive prostaglandin analog (Vetmet 2ml, 500µg) injected at12 days interval for estrous synchronization.
2.3	TREATMENT PROTOCOL- 
Administration of Kisspeptin and Dose
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Human Kisspeptin 10 (112-121, amino acid sequence: YNW NSF GLR F-NH2) (ANASPEC1mg) was used for therapeutic infusion and studied for its response at pre and post administration. All the four experimental buffaloes were given a single intravenous injection of hKp10 at the dose rate (1.5, 2.5 or 5µg/ kg. body weight.) or 2 ml NS as control. The compound was injected via jugular cannula pre fitted in one of the jugular veins a day before the infusion of drugs. All the buffaloes randomly received all the doses of treatment at two days interval starting from day 10 of estrus onset. Blood samples collected in heparinised tubes from all the buffaloes drawn at -60, -30, 0 minutes (just before injection of hKp10) and 15, 30, 45, 60, 90 and 120 minutes (after the injection) were immediately preserved in chilled icepacks. Plasma samples were separated by centrifugation at 3000 rpm for 15 min and stored at -20 °C until analysis of hormones done using ELISA kits. Plasma Estradiol concentration was estimated by Bovine Estradiol (E2) ELISA kit, Catalog No. CSB-E08173b, Detection Range- 50 pg/ml- 1200pg/ml, Sensitivity- 40 pg/ml, Detection wavelength- 450nm using competitive ELISA method. P4 level was estimated using P4 (Catalog No CSB-E08172b), Species- Bos taurus (Bovine), Detection Range- 1ng/ml- 70 ng/ml
Sensitivity- 0.2ng/ml,  Detection wavelength- 450nm, based on quantitative principle and competitive ELISA.
Reproductive traits: The visible estrus behaviors like vulvar oedema, frequent micturation, cervical discharge, bellowing, mounting and salivation of hKp10 treated buffaloes were compared with the untreated estrus of Bhadawari buffaloes using Fisher Extract Test. 
2.5	STATISTICAL ANALYSIS: 
Statistical analysis was done by SPSS version 20. Mean and standard deviation were calculated by descriptive statistics. the level of significance in the concentration of plasma hormones were measured and compared using individual doses and control by one-way, repeated-measures ANOVA. To discover which specific means differed, the Bonferroni post hoc test was applied. Difference between the concentration of hormones before and after hKp10 infusion was compared using Student’s t-test. All data were analyzed using Microsoft excel and SPSS. Estrus behavioral signs were recorded between treated and control estrous cycles and were analysed based on Fisher’s Exact Test). The level of significance was calculated at p<0.05.
3. RESULT AND DISCUSSION
3.1	Response of different doses of hKp10 on Estradiol (E2) release:
Table 1 Response of different doses of hKp10 on E2 at different time interval
	Dose/ per kg bw
	Estradiol (pg/ml) in minutes time interval

	
	15
	30
	45
	60
	90
	120

	NS (Control)
	 17.89a ± 3.49
	16.79 a ±4.99 
	16.87a ±4.23 
	16.51a  ±3.72 
	17.35a ± 3.82
	17.12 a ± 3.53

	1.5 µg
hKp10
	17.85a ± 5.1 
	19.16 a ± 6.38
	19.08a ±5.20
	19.11a ±4.99 
	19.29 a± 5.39
	18.85 a± 5.00

	2.5 µg hKp10
	22.58 a ±4.28
	23.17 a ±4.47
	21.63a  ±3.43
	23.48a  ±2.67
	23.38a ± 2.69
	23.82a ± 2.86

	5 µg hKp10
	22.89 a ±3.73
	22.76 a ± 4.44
	22.93a ±4.91 
	22.37 a  ±4.66
	23.00a ± 4.48
	22.93a ±4.08
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Fig 1 Response of different doses of hKp10 on E2 at different time interval
The response of different doses of hKp10 is shown in (Table-1 & Figure-1). Plasma E2 concentration in the saline infused treatment ranged from 17.10 to 22.89 pg/ml which did not vary significantly (p<0.05) compared to the basal E2 concentration in buffaloes. Plasma E2 concentration did not alter significantly (p<0.05) and estimated values were 17.85, 22.58 and 22.89 pg/ml following 1.5, 2.5 and 5 µg/kg. bw. i.v. infusion of hKp10 respectively at 15 minutes plasma samples. There was no significant increase in concentration of E2 in plasma samples collected at different time schedules between different doses of hKp10 infusion.
Table2. Pre-post E2 levels with response to hKp10
	DOSE
	E2 (pg/ml)

	
	Pre hKp10 
	Post hKp10 

	NS (Control)
	17.10±3.50
	17.09±3.91

	1.5µg/kg KP10
	15.48±4.13
	14.59±4.29

	2.5 µg/kg KP10
	21.06±3.02
	19.82±3.21

	5 µg/kg KP10
	21.27±3.54
	19.26±4.18


[image: ]
Figure-2 Response of pre and post hKp10 on Estradiol
The concentration of plasma E2 using t-test was analyzed between pre and post hKp10 infusion (Figure-4). There was non-significant (p<0.05) variation in the concentration of E2 in all the hKp10 doses post treatment compared to the pre treatment groups. There was no significant difference in NS infused group when pre and post E2 concentration was compared. The highest level was recorded in hKp10 at 5 µg/kg hKp10 where the value of E2 was 21.27 pg/ml in pre treatment and 19.26 pg/ml in post infusion plasma samples. Plasma E2 ranged between 14.59 pg/ml to 21.27 pg/ml in all the treatment samples which were noted to be non-significant (p<0.05). 
3.2	Response of different doses of hKp10 on Progesterone (P4) release:
Table 3. Estrus behavior symptoms of Bhadawari buffaloes upon kisspeptin treatment
	Dose/ per kg bw
	Progesterone (ng/ml) in minutes time interval

	
	15
	30
	45
	60
	90
	120

	NS (Control)
	1.49a ±0.38 
	1.42a ±0.33 
	1.45a ±0.341 
	1.38a ±0.33 
	1.28a±0.33 
	1.39a ±0.35

	1.5 µg
hKp10
	1.36a ±0.40
	1.39a ±0.37 
	1.39a ±0.382 
	1.25a ±0.36
	1.27a ±0.39 
	1.29a ±0.36

	2.5 µg hKp10
	1.29a ±0.34
	1.39a ±0.37 
	1.36a ±0.292 
	1.42a ±0.32 
	1.38a  ±0.32 
	1.34a ±0.35

	5 µg hKp10
	1.25a ± 0.31
	1.11a ±0.33
	1.17a ±0.329 
	1.13a ±0.29 
	1.18a ±0.30 
	1.16a ±0.30


The response of different doses of hKp10 is shown in (Table-2 & Figure-2). Plasma P4 concentration in the saline infused treatment ranged from 1.28 to 1.49 pg/ml which did not vary significantly (p<0.05) compared to the basal P4 concentration in buffaloes. Plasma P4 concentration did not alter significantly (p<0.05) and estimated values were 1.36, 1.29 and 1.25 pg/ml following 1.5, 2.5 and 5 µg/kg. bw. i.v. infusion of hKp10 respectively at 15 minutes plasma samples. There was no significant variation in concentration of P4 in plasma samples collected at different time schedules between different doses of hKp10 infusion.
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Figure-3. Response of hKp10 on P4 at different time intervals (in minutes)
Table 4 Pre-Post P4 level with response to hKp10
	DOSE
	P4 (ng/ml)

	
	Pre hKp10 infusion
	Post hKp10 infusion

	NS (Control))
	1.46±0.33
	1.40±0.34

	1.5µg/kg hKp10
	1.45  ±0.35
	1.32  ±0.37

	2.5 µg/kg hKp10
	1.35±0.30
	1.36±0.33

	5 µg/kg hKp10
	1.20±0.32
	1.17±0.30


The concentration of plasma P4 using t-test was analyzed between pre and post hKp10 infusion (Table-2 & Figure-4). There was non-significant (p<0.05) difference in the concentration of P4 in all the hKp10 doses post treatment groups compared to the pre treatment P4 level. There was no significant difference in NS infused group when pre and post P4 concentration was compared. The highest level was recorded in hKp10 at NS (control) where the value of P4 was 1.46 ng/ml in pre treatment and 1.40 ng /ml in post infusion control (NS). Plasma P4 ranged between 1.17 ng/ml to 1.46 ng/ml in all the treatment samples. 
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Figure 4 Response of hKp10 on progesterone concentration
Dutta et al. (2024) while exploring the impact of exogenous Kisspeptin-10 in Lakhimi cows on reproductive endocrines LH, progesterone and estradiol. There was significant increase in serum progesterone concentration on 10th day, concentration of LH on day1 and estradiol on the day before estrus (day 0- being the day of estrus). In this research the different doses of hKp10 and NS were given at random between D10 (Day 10 post estrus) to D19 (day 19 post estrus) and most of the doses of kisspeptin were administered in the luteal phase. It could be the reason of non-significant plasma E2 level between the experimental animals. 
There are several studies reported to have kisspeptin and its receptor present in certain peripheral tissues like ovaries showing local actions and also the expression by key ovarian cells in cattle. However, it was found that treating cultured bovine theca and granulosa cells with kisspeptin or kisspeptin antagonist did not modify steroid secretion. Hence, kisspeptin having a direct role in modifying production of ovarian steroids is not fully justified (Mattar et al., 2023).
Kaya et al. (2023) investigated the effects of kisspeptin, E2, and P4 levels at the time of artificial insemination (AI) on conception rates and also the relationship between Kiss-1 and E2 levels in cattle between pregnant and non pregnant cattle. The Kiss-1 level at the time of AI in pregnant cows (80.58±4.4 pg/mL) was statistically higher than that in non-pregnant cows (66.68±2.48 pg/mL) (P=0.003). There were no significant differences in E2 and P4 levels between pregnant and non-pregnant cows. There was no significant correlation was between serum estrogen and progesterone levels. The experiment concluded that Kiss-1 levels at the time of AI may be used to predict the possibility of successful pregnancy in cattle. 
The non significant difference in the level of P4 could be due to the treatments mostly given during the luteal phase of estrous cycle in all the experimental cyclic buffaloes. The random doses of hKp10 at 1.5, 2.5 and 5.0 µg/kg bw and NS (control) at 2 days intervals beginning at 10 day of estrus mostly lied within luteal phase. 
Dutta et al. (2024) recorded no difference in P4 in Kp treated and untreated Lakhimi cows, however they observed significantly higher concentration (p<0.05) of P4 on 8th, 10th, 16th and 18th day of estrous cycle.
Several researches have revealed the expression of kisspeptin and KiSS1R in the granulose cells of ovaries of different animals (Cielesh et al, 2016). In buffaloes the expression of kisspeptin and KiSS1R is affected by the follicles, and the expression is higher in the granulose cells of the follicles with high progesterone concentration. In this study Kp-10 promoted progesterone synthesis through miR-1246 targeting StAR (steroid derived acute regulatory enzyme) and regulated free cholesterol transport in BGCs. (Rajin et al.2021).
With regard to steroidogenesis, it was reported that progesterone (P4) production by rat luteal cells was stimulated by kisspeptin (Peng et al.2013), while hCG-induced P4 production by rat GC was attenuated by a kisspeptin antagonist, kisspeptin 234 (Laoharatchatathanin et al. 2015). Kisspeptin was also shown to increase P4 production by porcine GC (Basini et al. 2018) and bovine GC (Guo et al. 2022). The above reports suggest a potential role of locally produced kisspeptins in the control of ovarian function.
3.3	Estrus signs recorded between treated and control estrous cycles (based on Fisher Exact Test)
	Estrus signs
	hKp10 treated 
	Control (untreated)
	P- value

	vulval oedema
	
	
	

	%
	100%
	50%
	0.21

	No./no.
	4/4
	4/8
	

	frequent micturation
	
	
	

	%
	100%
	50%
	0.21

	No./no.
	4/4
	4/8
	

	cervical discharge
	
	
	

	%
	100%
	0%
	

	No./no.
	4/4
	0/8
	0.002

	Bellowing
	
	
	

	%
	100%
	25%
	

	No./no.
	4/4
	0/8
	0.002

	Salivation
	
	
	

	%
	100%
	100%
	

	No./no.
	4/4
	8/8
	--

	Mounting
	
	
	

	%
	50%
	0%
	

	No./no.
	2/4
	0/8
	0.91


The response of kisspeptin treated estrous cycle showed significant increase (p<0.05) in the intensity of exhibition of estrus signs like cervical discharge and bellowing compared over untreated control group. Symptoms like vulval oedema, frequent micturation and mounting other animals were also seen in the treated groups but the level of increase were not statistically significant (p>0.05). Since the number of experimental animals were very less (no=4) further study using large sample size will authenticate the findings and kisspeptin as a therapeutic agent to activate and intensify estrus signs in a Bhadawari buffalo.  
CONCLUSION
Kisspeptin is identified as a neuropeptide having its response on various endocrines leading to significant impact on reproductive physiology in livestock. In Bhadawari buffaloes, administration of hKp10 at different doses resulted in non-significant change in the concentration in blood plasma E2 between the treated and control groups. There was significant increase in the intensity of estrous signs like cervical mucous discharge and bellowing in kisspeptin treated estrous cycle compared to the untreated group. Symptoms like vulval oedema, frequent micturition and mounting on other fellow buffaloes were increased non-significantly. The impact of kisspeptin on estrus signs could be studied better if the number of experimental animals was in larger number and treatment regime of kisspeptin hormone could be for more number of estrous cycles in Bhadawari buffaloes. The therapeutic use of kisspeptin to intensify the signs of estrus could be a boon to overcome the breeding constraints like salient estrus or weak estrus in buffaloes. 
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