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Abstract 
The study was conceptualized to perceive the status of the hormones progesterone (P4) and kisspeptin 

(Kp) was conducted throughout one complete estrous cycle in six ovulating buffaloes and similarly 

replicated over the period of three weeks in six anestrus buffaloes. In the ovulating buffaloes, while 

serum progesterone (P4) concentration differed significantly and serum Kp quantification (ng/ml) did not 

show any significant difference, the respective concentration of both these hormones were depressed. 

Plausibly, though serum P4 & Kp values were statistically non-significantly during the collection period, 

their concentration were substantially higher in the anovulatory buffaloes. 

 

Keywords: Progesterone, kisspeptin, ovulating buffaloes, anestrus buffaloes 

 

1. Introduction 

The Asian water buffalo embodies the greatest aptitude and capability for production and 

reproduction. While, India has the largest number of buffaloes in the world and milk 

production is the backbone of the Indian dairy industry (Chakravarty, 2013) [9], there is still a 

tremendous scope for improving the Indian buffaloes. There is a plenty of room for increasing 

productivity of buffaloes through improvement of reproductive performance (Devkota, et al., 

2013) [11].  

Progesterone plays an indispensable role in the physiological estrous cycle cascade and its 

escalation and plunge coincides with the corpus luteum (CL) growth and regression (Ahmad et 

al., 1977) [1]. Progesterone concentrations fluctuate depending upon the buffalo’s inherent 

endocrine status and is easily influenced by both environmental as well as nutritional status 

(Mondal et al., 2007) [28] and depleted progesterone concentrations are concomitant with a 

surge in embryonic mortality, depleted oocytes vigour and slow endometrium growth (Diskin 

and Morris, 2008) [12].  

It has recently been revealed that hypothalamic kisspeptin (Kp) acts upstream of GnRH and 

mediates sex steroid feedback and metabolic input on the reproductive axis. The kisspeptin 

peptide family with their receptors play a crucial role in puberty period and fertility including 

central activation of the HPG axis at puberty (Babiker and Shaikh 2016) [5]. This neuropeptide 

is required for puberty onset and maintenance of normal reproductive function, as loss-of-

function mutations of kisspeptin receptor gene (KISS1R) are associated with pubertal failure, 

e.g. idiopathic hypogonadotropic hypogonadism (IHH) (Lents et al., 2008) [21].  

Despite the recent spurt of interest about this hormone, there are many uncertainties regarding 

its role in buffaloes. By measuring circulating Kp levels during the different phases of the 

estrous cycle, its fundamental physiology during the bovine estrous cycle could be 

comprehended and a thorough understanding of the endocrine profile of Kp during follicular 

dynamics would be a key step toward conceptualising kisspeptin-based therapeutic strategies. 

Therefore, in order to fulfil this paucity of information the experiment was conducted. 

 

2. Materials and Method 

2.1 Study site 

The study was conducted at the College Instructional Livestock Farm Complex and a private 

farm and sample processing and laboratory work was undertaken in the Department of 

Veterinary Physiology, Mumbai Veterinary College, Parel, Mumbai. Sixteen apparently 

healthy Murrah buffaloes, maintained at private farms in Aarey Colony, Goregaon, Mumbai 

were taken for the present study. 
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2.2 Animals and experimental design  

The buffaloes were maintained under uniform standard 

conditions of feeding and management with ad-libitum water. 

Nine postpartum lactating buffaloes were synchronized as per 

the standard ovsync protocol GnRH-PGF2α-GnRH (G-P-G 

protocol). All the buffaloes were examined by a real-time 

ultrasonography.  Six postpartum anovulatory buffaloes were 

selected from private farm. 

 

2.3 Blood collection 

Blood was collected by jugular vein puncture and the protocol 

for hormonal estimations of cycling and non-cycling 

buffaloes differed. Blood was collected on days 0, 7, 14, and 

21 day of estrous cycle for analyzing the progesterone (P4) 

concentration in both cycling and non-cycling buffaloes. For 

quantification of kisspeptin, blood was collected on days 0, 3, 

5, 7, 9, 11, 13, 15, 17, 19 and 21 of the estrous cycle in 

cycling buffaloes and on days 0, 7, 14 and 21 in anestrus 

buffaloes. The serum progesterone and kisspeptin 

concentrations were evaluated by using bovine progesterone 

and kisspeptin ELISA kits respectively. 

 

2.4 Statistical analysis 

The data was analyzed by CRD using WASP-2 (Web Agri 

Stat Package), ICAR. 

 

3. Results and Discussion 

3.1 Serum progesterone concentration in ovulatory 

buffaloes 

The mean serum progesterone (P4) concentrations from the 

day of estrus (day 0), during diestrus (days 7 & 14) and pro-

estrus (day 21) of one complete estrous cycle in the 

investigated buffaloes are presented in Table 01. 

 
Table 1: Mean ± SE for progesterone concentration in ovulatory 

buffaloes during estrous cycle 
 

Sr. No. Days of estrous cycle Progesterone ng/ml 

1. 0 day 0.06b ± 0.01 

2. 7th day 0.14ab ± 0.03 

3. 14th day 0.17a ± 0.03 

4. 21st day 0.12ab ± 0.03 

 

The statistical analysis of the data revealed that the serum P4 

concentration differed significantly during the complete 

estrous cycle. A similar trend of very low plasma 

progesterone concentration at estrus followed by a sharp 

increase during the late luteal phase, reaching a peak at Day 

10-14 of the estrous cycle before declining was reported by 

Awasthi et al., (2006) [4], Mondal et al., (2007) [28], Roy and 

Prakash (2007) [39], Farghaly, (2012) [14], Terzano et al., 

(2012) [43], Yilmaz et al., (2014a) [45] and Kekan et al., (2018) 
[18] but, with elevated P4 concentrations when compared to 

ours. 

Takkar et al., (1982) [42] documented that the mean serum 

progesterone concentration in buffalo was the lowest at 0.33 ± 

0.07 ng/ml at estrus. The testimonies of Noseir et al., (2014) 
[30] and Phogat et al., (2016) [34] all concur that on day of 

estrus the blood progesterone levels are the lowest, ranging 

between 0.1 to 0.5 ng/ml and this is in partial agreement with 

our study wherein while the P4 concentrations were the lowest 

on the day of estrus, the concentrations were less than 0.1 

ng/ml (0.06 ± 0.01 ng/ml). 

In our study the P4 serum concentration was the greatest (0.17 

+ 0.03) during the late diestrus period. Similarly, Kaur and 

Arora (1978) [17], Panday, (1979) [31] and Takkar et al., (1982) 
[42] have reported mid cycle peak P4 values between day 14 to 

16 of the cycle.  

On the other hand, Rao and Pandey, (1982) [35] stated that P4 

plasma levels reached maximum values (1.72 to 3.11 ng/ml) 

on Day 18, Jainudeen, (1986) [16] maintained that they peaked 

(2.4 ng/ml) by Day 8, Kumud, (1999) [20] disclosed maximum 

P4 (2.74 ± 1.85 ng/ml) on Day 9 of the cycle and Noseir et al., 

(2014) [30] recorded the highest progesterone concentration 

(8.56 ± 0.07 ng/mL) on Day 16 of the cycle in buffaloes. 

Ronchi et al., (2001) [38] and Terzano et al., (2012) [43] 

postulated that the P4 concentrations are also governed by 

nutritional and environmental variances and the suboptimal 

feed teamed with soaring environmental temperatures might 

be accountable for long anestrus in buffaloes as observed in 

our study. Further, Sharma (2003) [40], Ahmed (2006) [2] and 

Ahmed et al., (2006) [2] proposed that ovarian dormancy is the 

foremost reproductive disorder in buffalo reproduction, 

particularly noted in animals kept in small holder farms and 

subjected to a lot of stressful circumstances such as 

malnourishment, parasitism, deficient sanitation and pollution 

which again resembles the circumstances of buffaloes 

incorporated in our assessment. 

 

3.2 Serum progesterone concentration in anovulatory 

buffaloes 

The mean serum progesterone concentrations from the day of 

first collection (day 1) and thereafter weekly in the reviewed 

anestrus buffaloes are presented in Table 02. 

 
Table 2: Mean ± SE for progesterone concentration in anovulatory 

buffaloes 
 

Sr. No. Days of estrous cycle Progesterone ng/ml 

1. 0 day 0.45 ± 0.06 

2. 7th day 0.46 ± 0.06 

3. 14th day 0.55 ± 0.04 

4. 21st day 0.53 ± 0.07 

 

The statistical analysis of the data revealed that the serum P4 

concentration differed non-significantly during the collection 

period, but the serum P4 values appeared to be substantially 

elevated in the anovulatory buffaloes. 

El-Wishy (2007) [13] while recommending progesterone 

monitoring as an independent and precise method for 

assessment of the reproductive potential in postpartum 

buffaloes elucidated upon the four main forms of anestrus i.e., 

true anestrus (inactive ovaries and small and medium sized 

anovulatory follicles), sub estrus (unobserved and silent heat), 

prolonged luteal activity & ovarian cysts and lastly 

pregnancy. Mondal et al., (2010) [29], considering the P4 levels 

regression, near the cycle culmination and a sharp ascent 

during the luteal phase, advocated that the CL function can be 

monitored by progesterone determination in both cattle and 

buffaloes who present overt and silent estrus. 

Farghaly, (2012) [14] affirmed this based on his work on 

Egyptian buffaloes wherein he registered that those having 

serum progesterone concentrations ≥1.0 ng/ml in at least one 

of the two samplings carried out during his exploration were 

considered cycling, and those with both samples being 1.0 

ng/ml or more were considered as anovulatory/anestrous 

buffaloes. In our current study also, we observed an 

analogous proclivity of serum progesterone values being 

higher in anestrus buffaloes. Conversely Peter et al., (2009) 
[33] defined true anestrus as lack of ovarian progesterone 
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production. 

Mondal and Prakash, (2002) [27] ascertained that in buffaloes 

exhibiting silent estrus, the P4 concentrations amplified from 

0.38 ± 0.02 ng/ml during periestrus phase (day-1 to day 1) to 

0.51 ± 0.07 ng/ml during early luteal phase (day 2 to day 5) 

and then advanced to 1.30 ± 0.13 ng/ml during mid-luteal 

phase (day 6 to day 14) followed by a reduction to 0.66 ± 0.13 

ng/ml during late luteal phase (day-4 to day -2) and while the 

P4 concentrations in the studied buffaloes were lower, a 

resembling trend was perceived. 

Perera, (2011) [32] stipulated that buffalo having P4 

concentrations above 3 nmol/l (0.94 ng/ml) denoted the 

presence of luteal function, those with P4 concentrations 

below 1 nmol/l (0.31 ng/ml) signified the absence of luteal 

function and those having intermediate values being were 

considered inconclusive and since the scores of our 

assessment lie between the two margins we can conclude that 

the buffaloes included were not in true anestrus. 

 

3.3 Serum kisspeptin concentration in ovulatory buffaloes 

The mean serum kisspeptin (Kp) concentration (ng/ml) during 

estrus (day 0), metestrus (day 3), di-estrus (days 5, 7, 9, 11, 

13, 15, 17) and pro-estrus (days 19 & 21) of one complete 

estrous cycle in the investigated buffaloes are presented in 

Table 03. 

 
Table 3: Mean + SE for kisspeptin concentration in ovulatory 

buffaloes during estrous cycle 
 

Sr. No. Days of estrous cycle Progesterone ng/ml 

1. 0 Day 0.08 + 0.00 

2. 3 Day 0.10 + 0.01 

3. 5 Day 0.10 + 0.01 

4. 7 Day 0.10 + 0.01 

5. 9 Day 0.10 + 0.00 

6. 11 Day 0.11 + 0.01 

7. 13 Day 0.10 + 0.01 

8. 15 Day 0.10 + 0.01 

9. 17 Day 0.10 + 0.00 

10. 19 Day 0.12 + 0.01 

11. 21 Day 0.12 + 0.01 

 

The serum kisspeptin concentration did not show any 

significant difference during the scrutinized estrous cycle as 

revealed by the statistical analysis of the data and looking at 

the values, besides the slight low on day 0 (0.08 ± 0.00) and a 

little rise on days 19 & 21 (0.12 ± 0.01), the serum kisspeptin 

concentration was consistent (0.10 ± 0.01) throughout the 

cycle. These inferences are in close agreement with earlier 

reports Rizzo et al., (2018a) [37] who reported 0.10 ng/ml 

kisspeptin concentration in healthy dairy cows on estrus day.  

In juxtapose to our findings, the reports of Mondal et al., 

(2015) [26] reported a steady decline trend from the day of 

estrus to day 4 after which they witnessed a sharp rise which 

peaked on day 6 of the cycle, following which the 

concentration then depleted from day 7 to touch the baseline 

on day 10 which then displayed an upward progression to 

peak on day 12 of the cycle.   

Rizzo et al., (2018b) estimated the circulating kisspeptin 

concentrations in dairy cows on 10, 12, 14 and 16 days after 

calving and found them to be 0.15, 0.11, 0.15 and 0.12 

(ng/ml) respectively. 

Intriguingly, Mondal et al., (2015) [26] in cycling non-lactating 

cows and Kumar et al., (2021) [19] in cycling Bengal does 

recorded an average of three and four kisspeptin peaks 

respectively with varying amplitudes during the entire estrous 

cycle which was not observed in our study using buffaloes. 

Mondal et al., (2021) [25], associating plasma kisspeptin with 

follicular emergence recorded three kisspeptin peaks with 

varying amplitudes, the first peak having the highest 

amplitude appeared a day before the preovulatory LH surge, 

the second and third surges were recorded on day 6 and 12 of 

the estrous cycle, respectively and these peaks corresponded 

to the emergence of follicular waves.  

Accordingly in our study we have obtained the maximum 

number of antral follicles during the mid-luteal stage and the 

Kp concentration also showed a slight rise during that period 

and similarly the high follicle count during the follicular 

phase can be ascribed to the Kp perk during that period. 

Further, the role of Kp on the growth of dominant follicles 

can be envisualised by the computation of maximum number 

of large follicles during the follicular phase when the Kp 

concentration was also at its highest. We could therefore 

correlate the dynamicity of plasma kisspeptin with follicular 

emergence during the studied estrous cycle. 

 

3.4 Serum kisspeptin concentration in anovulatory 

buffaloes 

The mean serum kisspeptin concentrations (ng/ml) on day 1, 

day 7, day 14 and day 21 collected from anovulatory 

investigated buffaloes are presented in Table 04.  

 
Table 4: Mean + SE for kisspeptin concentration in anovulatory 

buffaloes during anestrous cycle 
 

Sr. No. Days of estrous cycle P4 ng/ml 

1. 0 day 0.12 + 0.01 

2. 7th day 0.63 + 0.24 

3. 14th day 0.51 + 0.25 

4. 21st day 0.61 + 0.24 

 

The serum kisspeptin concentration did not show any 

significant difference during the three weeks collection period 

as conveyed by the statistical analysis of the data, 

nevertheless, there was a small spike on day 7 and then a very 

nominal dip followed by a slight rise. Understandably, the 

serum kisspeptin concentrations were numerically much 

higher in the anovulatory buffaloes evaluated.  

Rizzo et al., (2018a) [37] measured Kp levels in cows having 

ovarian follicular cysts as 0.13 ng/ml kisspeptin and have 

proposed that significantly higher blood Kp concentrations 

are detected in cows with follicular cysts as compared to 

healthy cows (0.09 ng/ml).  They reasoned that loftier blood 

Kp concentrations in cows with ovarian follicular cysts when 

compared to healthy cows imply that the hypothalamic nuclei 

associated with Kp secretion may be stimulated by greater 

steroid levels. 

In seasonal breeders like buffalo cows, mares, ewe and does, 

the chief cause of post pubertal infertility is seasonal anestrus. 

Kisspeptin plays an essential role in receiving stimulatory 

estrogen signals and generating the full positive feedback 

GnRH/LH surge. Intravenous administration of kisspeptin 

therefore stimulated an LH surge in seasonally anestrus ewes 

(Smith et al., 2006, Caraty et al., 2007, Caraty et al., 2012, Li 

et al., 2012 and Foster and Hileman, 2015) [6, 8, 7, 22, 15]  does 

(Decourt et al., 2019) [10] and mares (Briant et al., 2016 and 

McGrath et al., 2016) [6, 24] though ovulation was only seen in 

pony mares, and this is now incorporated as a management 

tool in the hormonal combination used for the estrus 

synchronization in bovines (Macedo et al., 2014 and Mondal 

et al., 2015) [23, 26]. Further, kisspeptin plays a regulatory role 
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in equine cyclicity and seasonality, but its effects in long-day 

breeders like the mare differ from those in short-day breeders 

like the ewe (Wilborn, 2008) [44] which could explain its 

reasonable success in buffaloes. 

 

4. Conclusion 

In our exploration, while significantly different progesterone 

concentrations were perceived in ovulatory buffaloes during 

one estrous cycle, these were non-significant in the 

anovulatory buffaloes. Further, our investigation of the 

kisspeptin concentrations showed non-significance in 

ovulatory buffaloes during the assessed complete estrous 

cycle as well as in the anovulatory buffaloes three-week 

sampling. 

The hormone kisspeptin stimulates the HPG axis causing 

autocrine and paracrine actions in the ovaries and it has also 

been suggested that this neuropeptide could be an 

indispensable tool in the restoration of reproductive cycle in 

anestrus animals. While there is much literature on the use of 

Kp in different species to enhance reproductive capabilities, 

there is hardly any publication on the actual values of then 

hormone during the cycle or in non-cycling animals. We can 

conclude that there is substantial potential for using kisspeptin 

in the restoration of ovarian cyclicity in anestrous buffaloes. 

Undeniably, there is need for many more studies on larger 

buffalo populations for understanding of its exact role in the 

reproductive physiology of our nation’s key livestock species. 

 

5. References 

1. Ahmad A, Agarwal SP, Aganral VK, Rahman SA, 

Laumas KR. Steroid Hormones: Part II-Serum 

progesterone concentration in buffaloes. Indian J Exp. 

Bio. 1977;15:591-593. 

2. Ahmed WA, Nabil GM, El-Khadrawy HH, Hanafi EM, 

Adel-Moez SI. Monitoring progesterone level and 

markers of oxidative stress in blood of buffalo-cows with 

impaired fertility. Egyptian J of Biophysics and 

Biomedical Engineering. 2006;7:71-83. 

3. Ahmed WM. Adverse conditions affecting ovarian 

activity in large farm animals. Proceeding of the 3rd 

International Conference of Veterinary Research 

Division, National Research Centre, Cairo, Egypt, 2006, 

251-53. 

4. Awasthi MK, Khare A, Kavani FS, Siddiquee GM, 

Panchal MT, Shah RR. Is one-wave follicular growth 

during the estrous cycle a usual phenomenon in water 

buffaloes (Bubalus bubalis) Anim. Reprod. Sci. 

2006;92:241-253. 

5. Babiker A, Shaikh A. The role of kisspeptin signalling in 

control of reproduction in genetically similar species. 

Sudan J Paediatr. 2016;16(1):9-16. 

6. Briant C, Schneider J, Guillaume D, Ottogalli M, 

Duchamp G, Bruneau B, et al. Kisspeptin induces 

ovulation in cycling Welsh pony mares. In 9. 

International Symposium on Equine Reproduction 

Elsevier Ltd., 2016, 94(1-4). 

7. Caraty A, Decourt C, Briant C, Beltramo M. Kisspeptins 

and the reproductive axis: potential applications to 

manage reproduction in farm animals. Domestic animal 

endocrinology. 2012;43(2):95-102. 

8. Caraty A, Smith JT, Lomet D, Ben Saı d̈ S, Morrissey A, 

Cognie J, et al. Kisspeptin Synchronizes Preovulatory 

Surges in Cyclical Ewes and Causes Ovulation in 

Seasonally Acyclic Ewes. Endocrinology. 

2007;148(11):5258-5267. 

9. Chakravarty AK. Strategies for genetic improvement of 

buffaloes through production of quality male germplasm 

in SAARC countries. Seminar Paper Presentation in High 

Yielding Dairy Buffalo Breed, 2013. 

10. Decourt C, Robert V, Lomet D, Anger K, Georgelin M, 

Poissenot K, et al. The kisspeptin analog C6 is a possible 

alternative to PMSG (pregnant mare serum gonadotropin) 

for triggering synchronized and fertile ovulations in the 

Alpine goat. Plos one. 2019;14(3):e021-4424. 

11. Devkota B, Toshihiko N, Kosaku K, Hiroshi S, Shyam K, 

Singh DK, et al. Effects of treatment for anestrus in water 

buffaloes with PGF2α and GnRH in comparison with 

vitamin-mineral supplement, and some factors 

influencing treatment effects J Vet. Med. Sci. 

2013;75(12):1623-1627. 

12. Diskin MG, Morris DG. Embryonic and early foetal 

losses in cattle and other ruminants. Reprod. Domest. 

Anim. 2008;43:260-267. 

13. El-Wishy AB. The postpartum buffalo II. Acyclicity and 

anestrus Animal Reproduction Science. 2007;97:216-

236. 

14. Farghaly HAM. Relationship between length of estrous 

cycle and progesterone levels and milk production in 

Egyptian buffaloes. J Rad. Res. Appl. Sci. 2012;5(1):197-

210. 

15. Foster DL, Hileman SM. Chapter 31-Puberty in the 

Sheep. Knobil and Neill’s Physiology of Reproduction. 

2015;4:1441-1485. 

16. Jainudeen MR. Reproduction in the water buffalo. In 

Morrow DA. ed., Current therapy in Theriogenology. 

Philadelphia, W.B. Saunders, 1986, 443-449. 

17. Kaur H, Arora SP. Studies on progesterone levels in 

blood plasma of normal cycling buffaloes as Influenced 

by different levels of nutrition. Progress Report, NDRI, 

Karnal, India, 1978. 

18. Kekan PM, Ingole SD, Nagvekar AS, Bharucha SV, 

Kharde SD, Gulavane SU, et al. Follicular dynamics 

during estrous cycle in Murrah buffaloes. Journal of 

Animal Research. 2018;8(4):593-596. 

19. Kumar R, Mondal M, Kuri P, Karunakaran M, 

Chiranjeev. Elucidating the Dynamics of Kisspeptin and 

Phoenixin during Estrous Cycle and Pregnancy in Bengal 

Does. In: SAPICON: XXIX Annual Conference and 

National Symposium on ‘Recent Approach to Escalate 

Livestock Productivity under Current Socio-Economic 

Scenario’. Bihar Veterinary College, Patna, India, Patna, 

India, 2021 Feb. 

20. Kumud N. Determination of plasma oxytocin profile in 

crossbred cows and Murrah buffaloes using sensitive 

enzyme immunoassay procedure. Ph.D. Thesis, National 

Dairy Research Institute, Karnal, 1999. 

21. Lents CA, Heidorn NL, Barb CR, Ford JJ. Central and 

peripheral administration of kisspeptin activates 

gonadotropin but not somatotropin secretion in 

prepubertal gilts. Reproduction. 2008;135(6):879-887. 

22. Li Q, Roa A, Clarke IJ, Smith JT. Seasonal variation in 

GnRH response to kisspeptin in sheep: possible 

kisspeptin regulation of the kisspeptin receptor. 

Neuroendocrinology. 2012;96(3):212-221. 

23. Macedo GG, Carvalho NAT, Carvalho JG, Jacomini J, 

Baruselli PS. Kisspeptin stimulates LH release in buffalo 

cows in the breeding and nonbreeding season. Anim 

Reprod. 2014;11:460-464. 

https://www.thepharmajournal.com/


 

~ 3530 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

24. McGrath BM, Scott CJ, Wynn PC, Loy J, Norman ST. 

Kisspeptin stimulates LH secretion but not ovulation in 

mares during vernal transition. Theriogenology. 

2016;86(6):1566-1572. 

25. Mondal M, Gogoi J, Kuri P, Mukherjee I, Karunakaran 

M. Dynamics of Kisspeptin during Bovine Estrous Cycle 

and its Association with Follicular Waves. In: SAPICON: 

XXIX Annual Conference and National Symposium on 

‘Recent Approach to Escalate Livestock Productivity 

under Current Socio-Economic Scenario’. Bihar 

Veterinary College, Patna, India, Patna, India, 2021 Feb. 

26. Mondal M, Baruah KK, Prakash BS. Determination of 

plasma kisspeptin concentrations during reproductive 

cycle and different phases of pregnancy in crossbred 

cows using bovine specific enzyme immunoassay. Gen. 

Comp. Endocrinol. 2015;1:224:168-75. 

27. Mondal S, Prakash BS. Peripheral plasma progesterone 

concentrations in relation to oestrus expression in Murrah 

buffalo (Bubalus bubalis). Ind. J Anim. Sci. 2002;73:292- 

293. 

28. Mondal S, Prakash BS, Palta P. Endocrine aspects of 

oestrous cycle in buffaloes (Bubalus bubalis): An 

Overview. Asian-Aust. J Anim. Sci. 2007;20(1):124-131. 

29. Mondal S, Suresh KP, Nandi S. Endocrine profiles of 

oestrous cycle in buffalo: A Meta-analysis. Asian-Aust. J 

Anim. Sci. 2010;23(2):169-174. 

30. Noseir WMB, El-Bawab IE, Hassan WR, Fadel MS. 

Ovarian follicular dynamics in buffaloes during different 

estrus synchronization protocols. Veterinary Science 

Development, 2014, 4(1). 

31. Panday RS. Hormonal status of female and induced 

breeding in Murrah buffaloes. Proc. Seminar sponsored 

by FAO/SIDA-on Buffalo Reproduction and Artificial 

Insemination held at NDRI, Karnal-India, 1979. 

32. Perera BMAO. Reproductive cycles of buffalo. Animal 

Reproduction Science. 2011;124(3-4):194-199. 

33. Peter AT, Levine H, Drost M, Bergfelt DR. Compilation 

of classical and contemporary terminology used to 

describe morphological aspects of ovarian dynamics in 

cattle. Theriogenology. 2009;71(9):1343-1357. 

34. Phogat JB, Pandey AK, Singh I. Seasonality in buffaloes 

reproduction. Inter. J Plant Anim. Environ. Sci. 

2016;6(2):46-54. 

35. Rao LV, Pandey RS. Seasonal changes in plasma 

progesterone concentrations in buffalo cows (Bubalus 

bubalis). Reproduction. 1982;66(1):57-61. 

36. Rizzo A, Ceci E, Guaricci AC, Sciorsci RL. Kisspeptin in 

the early post-partum of the dairy cow. Reprod. Domest. 

Anim. 2019b;54(2):195-198. 

37. Rizzo A, Piccinno M, Ceci E, Pantaleo M, Mutinati M, 

Roncetti M, et al. Kisspeptin and bovine follicular cysts. 

Vet. Ital. 2018a;54(1):29-31. 

38. Ronchi BG, Stradaioli AV, Supplizi U, Bernabucci N, 

Lacetera PA, Accorsi A, et al. Influence of heat stress or 

feed restriction on plasma progesterone, oestradiol-17β, 

LH, FSH, prolactin and cortisol in Holstein heifers. 

Livestock Production Science. 2001;68(2-3):231-241. 

39. Roy KS, Prakash BS. Seasonal variation and circadian 

rhythmicity of the prolactin profile during the summer 

months in repeat-breeding Murrah buffalo heifers. 

Reproduction, Fertility and Development. 

2007;19(4):569-575. 

40. Sharma RK. Reproductive problems of buffaloes and 

their management. Compendium of lectures delivered to 

the Central Institute of Research on Buffalo, Hisar, India, 

2003, 119-126. 

41. Smith JT, Pereira A, Rao A, Clarke IJ. Kisspeptin-10 

stimulates luteinising hormone release from the ovine 

pituitary gland in vitro. Frontiers in Neuroendocrinology. 

2006;1(27):77-78. 

42. Takkar OP, Singh M, Varman PN. Progesterone profile 

in buffaloes during various stages of oestrous cycle using 

radio immunoassy technique. Theriogenology. 

1982;17(5):565-569. 

43. Terzano GM, Barile VL, Borghese A. Overview on 

reproductive endocrine aspects in buffalo. Journal of 

Buffalo Science. 2012;1(2):116-138. 

44. Wilborn R. Effect of Kisspeptin on the Hypothalamic-

Pituitary-Gonadal Axis of the Mare (Doctoral 

dissertation). A Thesis Submitted to the Graduate Faculty 

of Auburn University in Partial Fulfillment of the 

Requirements for the Degree of Master of Science 

Auburn, Alabama, 2008. 

45. Yilmaz O, Yazici E, Kahraman A, Ozenc E, Ucar M. The 

relationship between ovarian follicle population and 

follicle size during different stages of estrous cycle in 

Anatolian Water buffaloes (Bubalus bubalis). Revue de 

Médicine Véterinaire. 2014a;165(3-4):111-115. 

https://www.thepharmajournal.com/

