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ABSTRACT 
 

Egypt is one of the potentially vulnerable countries on the effect of Global Warming. Low conceptive productivity 

in buffaloes and cattle cause serious economic losses as a result of heat stress. The present work was designed to 

evaluate the effect of the season (hot or cold season) on reproductive performance and hormonal changes in buffalo 

and cattle. Blood samples and genital tract were collected from buffalo and native cattle slaughtered at local abattoir 

during the cold (October to March, n=204 and 60, for buffalo and cattle, respectively) and hot season (April to 

September, n=196 and 69 for buffalo and cattle, respectively). Morphological characters of ovaries including the 

presence of corpora lutea (CL) and the number of ovarian antral follicles were evaluated. According to their 

morphology for the presence of CL or follicles, ovaries were divided into luteal phase, follicular phase, and smooth 

inactive ovaries. Serum progesterone (P4), estradiol-17ß (E2), Anti-Mullerian hormone (AMH), triiodothyronine 

(T3) and thyroxin (T4) concentrations were determined in serum using enzyme immune-assay. The person correlation 

coefficient between the concentration of AMH and number of follicles was determined. Results indicated that during 

the hot season, the concentration of P4, E2, T3 and T4 in both buffaloes and cattle were significantly (P<0.05) 

decreased when compared with cold season. Also, AMH significantly (P<0.05) decreased during hot than the cold 

season, and there was a highly significant positive correlation between AMH concentrations during hot and cold 

season and the number of ovarian follicles in buffalo and cattle. However, the stage of the cycle (Luteal or follicular) 

doesn't affect the correlation between AMH and the number of follicles in buffalo and cattle. In conclusion, hot 

season impair the reproductive efficiency in buffalo and cattle by decreasing the incidence of smooth inactive ovaries 

through its direct effect on ovarian steroid and AMH production as well as the thyroid hormones. 
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INTRODUCTION 

 

Egypt is among the most vulnerable countries that 
threaten with global warming. In Egypt, buffalo and cattle 
represent the backbone of the animal resources; they 
contribute with more than 92% and 84.8% of milk and red 
meat production, respectively. However, there low 
reproductive efficiency inflicts heavy economic losses as 
consequences to the summer heat stress. The impacts 
of heat stress on fertility include an expanded number of 
days open, diminished conception rate, also a higher 
incidence of smooth inactive ovaries. Moreover, buffaloes 
are more susceptible to hot temperature due to their 
morphological and anatomical characters. 

The patterns of reproductive of dairy animals are an 

outcome of the connection of the endogenous regulatory 

mechanisms – primarily endocrine− and environmental 

signals. The stress response is multi-factorial and includes 

numerous changes that may have harmful effects on the 

farm animal's performance. Rates of Conception go down 

from around 40 to 60% in cold seasons to 10 to 20% in 

warm seasons (Khodaei-Motlagh et al., 2011). Incidence of 

smooth inactive ovaries is higher (42%) in cattle and 

buffaloes during hot seasons (Soliman et al., 2016) and the 

number of antral follicles decreased significantly during 

the hot season than the cold season in buffalo (Abdoon et 

al., 2014).  
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Heat stress during summer may act on the 

hypothalamus-hypophyseal-ovarian system to cause a 

temporary drop in secretion of gonadotrophin leading to 

decrease estradiol secretion that would increase the impact 

of the heat stress. Heat stress could likewise act on the 

ovary to diminish the ovary sensitivity to gonadotrophin 

stimulation (Sartori et al., 2002). The luteal function is 

negatively influenced throughout summer season; 

circulating progesterone concentrations were lower during 

the summer than in winter (Rao and Pandey, 1982), which 

may be accountable for low conception rate.  

Understanding of the hormonal communication is 

fundamental for relieving reproductive problems and 

impressive consideration has been engaged over the most 

recent two decades on using reproductive endocrinology as 

a method for improving reproductive performance 

(Giuseppina et al., 2012). In this respect, Anti-Mullerian 

hormone (AMH) is a valuable endocrine marker in favour 

of evaluating the ovarian reserve and for predicting the 

response to superovulation treatments in buffalo (Liang et 

al., 2016), cattle (Stojsen-Carter et al., 2016) and human 

(Pacheco et al., 2017), also the thyroid gland is one of the 

biggest endocrine glands, assumes a significant job in the 

body metabolism through its secretions viz. thyroxine (T4) 

and triiodothyronine (T3). These thyroid hormones 

are concerned in the metabolic response of animals to 

certain environmental, nutritional, and/or disease-related 

challenges, in addition to in the regulation of certain 

ovarian functions. T4 has been involved in preserving 

ordinary reproductive function (Huszenicza et al., 2000).  

The potential effect of environmental change on 

livestock has not been adequately assessed; relatively few 

references exist concerning the effect of season on the 

morphological and endocrine aspects of the cattle and 

buffalo ovaries. Therefore, this work was designed to 

investigate seasonal changes in ovarian activity and steroid 

and AMH production as well as the circulating T3 and T4 

levels during the cold and hot season; and to study the 

correlation between AMH concentration and the quantity 

of ovarian antral follicles in buffalo and cattle. 

 

MATERIALS AND METHODS 

 

Ethical approval 

This study was reviewed and approved by the Ethical 

Committee of the National Research Centre of Egypt 

(Proj: 12/1/7). 

 

Sample collection 

This experiment was conducted over a period from the 

end of December 2014 to January 2016) to study the effect 

of season on ovarian functions and hormonal changes in 

buffalo and cattle.  

During the cold season (From Oct to March) and hot 

season (From April to September, Abdoon et al., 2014), 

blood samples and genital tracts were collected from 400 

buffalo and 128 cattle immediately after slaughtering. The 

reproductive status of the animal was determined according 

to the morphological feature of the ovary (shape, size, 

colour, consistency, and vasculature of follicles and corpus 

luteum) according to Abdoon and Kandil (2001) for buffalo 

and Ireland et al. (1980) for cattle. According to their 

morphology, ovaries were divided into three groups: 

1. Luteal phase: include animals with ovaries bearing 
corpus luteum which had reddish to orange color in 
cattle to reddish to pink color in buffalo.  

2. Follicular phase group: This group includes animals with 
ovaries bearing corpus luteum characterized by creamy 
reddish white-colored tissues, regressing vessels (few to 
nil) and firm consistency, more follicular structures. 

3. Smooth inactive ovaries: it has no follicular or luteal 
structures. 
In all groups, the number of surface ovarian antral 

follicles was determined, and blood samples were 
centrifuge blood samples at 3000 r.p.m for 15 minutes, 
and serum samples were separated and put away at -20°C 
for hormonal analysis. 

 
Hormonal assay: Buffalo and cattle sera were analyzed for 
progesterone and estradiol levels using an enzyme 
immunoassay test kit (Cat. No.: BC-111; Bio Check, Inc, 
Foster City, USA) according to Tietz (1995). Anti-
Mullerian hormone (AMH) levels were measured with 
Cow AMH ELISA kits (Glory Bioscience Co., Ltd, USA) 
according to Baldrighi et al. (2014). Serum T3 and T4 
levels were assayed using ELISA kits (Immune spec, 
Germany) according to Hoffenberg (1978) and Schuurs 
and Vanweeman (1977) for T3 and T4, respectively.  

Person Correlation Coefficient between AMH 
concentration and the number of antral follicles count 
was determined. 
 
Statistical analysis 

The data were analyzed by ANOVA and were 
observed to be statistically significant at P<0.05. 

 
RESULTS 

 

Humidity and ambient temperature throughout the 

whole period of study were recorded. The temperature 

neutral zone in the Egyptian buffalo and cattle is 10- 21℃ 

or 50 – 68 ˚F. In hot season (summer and spring) the mean 

temperature was 30˚C and in the cold season (autumn and 

winter) the mean temperature was 19℃. 

Data presented in Table 1 represent the effect of hot 

and cold seasons on ovarian activity and the number of 

follicles per ovary in buffalo and cattle. Results indicated 

that significantly (P<0.05) higher incidence of cyclic 

buffaloes and cattle were recorded during the cold season 

when compared with the hot season. Meanwhile, a 

significantly (P<0.05) higher incidence of smooth inactive 

ovaries were recorded during the hot season. Also, the 

season has a detrimental effect on the development of 

ovarian follicles, significantly (P<0.0) lower number of 

ovarian follicles were recorded during the hot compared 

with the cold season.  

The effect of season and stage of the estrous cycle 

on serum E2, P4, T3, and T4 concentrations is presented 

in Table 2. Data revealed E2, P4, T3, and T4 

concentrations were significantly (P<0.05) higher in cold 

season than in hot season in both cattle and buffalo 

(Table 1). E2 and T4 levels were higher (P<0.05) in 

follicular than the luteal stage. While P4 values were 

significantly higher (P<0.05) in luteal than the follicular 

phase of estrous cycle in buffalo and cattle. T3 levels did 

not vary between the follicular and luteal period of the 

oestrous cycle in buffalo and cattle. 
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Table 1: Effect of cold and hot season on ovarian activity in buffalo and cattle. 

  Total no of animals Cyclic animals (%) Inactive ovaries (%) Aver. No follicles/ovary 

Buffalo Hot season 196 116 (59.2) 80 (40.8)* 3.19±0.35 

Cold season 204 191 (93.6)* 13 (6.4) 7.22±1.07* 

Cattle Hot season 69 40 (58.0) 29 (42.0* 7.13±0.98 

Cold season 60 57 (95)* 3 (5.0) 16.41±1.24* 

 

Table 2: Serum E2, P4, AMH, T3 and T4 concentrations at the luteal and follicular phase of estrous cycle through the cold and hot 

seasons (Mean±SD). 

Hormone Reprod Stage Buffalo Cattle 

Hot season Cold season Hot season Cold season 

E2 Lut. 57.99±4.24a 127.73±9.66*a      196.45±5.89a      226.90±6.88*a 

Fol. 142.23±11.57b 242.46±20.53b      243.23±8.68b      318.32±3.71b 

P4 Lut.   1.06±0.07b     1.76±0.05*b   1.37±0.07a    1.82±0.04*b 

Fol.   0.37±0.04a   0.53±0.04a   0.37±0.03b  0.53±0.03a 

AMH Lut.  5.65±0.75  7.16±0.53  5.25±0.36   7.64±0.49* 

Fol.  5.47±0.67  6.91±0.51  5.12±0.49   6.90±0.32* 

T3 Lut.  3.25±0.29    5.15±0.31*  4.27±0.15   5.54±0.24* 

Fol.    3.6±0.31    5.87±0.30*  4.72±0.23   6.40±0.14* 

T4 Lut. 13.87±0.53a   15.88±0.22*a 15.90±0.25a 17.00±0.21* 

Fol. 15.45±0.40b 17.26±0.13b 16.91±0.13b 17.71±0.27* 

* Values within the same raw vary significantly at P<0.05; a,b superscript within the same column vary significantly at P<0.05. 

 

Table 3: Correlation between season, reproductive stage and AMH concentration and number of ovarian follicle in buffalo and cattle 

(Person Correlation).  

Parameters R (Person Correlation) Sig.  

Buffalo Luteal Hot season 0.905** 0.0001 Pa 

Cold season 0.842** 0.001 Pa 

Follicular Hot season 0.912** 0.0001 Pa 

Cold season 0.815** 0.002 Pa 

Cattle Luteal Hot season 0.731* 0.016 Pa 

Cold season 0.809** 0.005 Pa 

Follicular Hot season 0.850** 0.002 Pa 

Cold season 0.869** 0.001 Pa 

All Data 0.767** 0.0001 Pa 

** Correlation is significant at the 0.01 level; *Correlation is significant at the 0.05 level; a Positive Correlation. 
 

Also, the present work showed that there is a remarkable 

seasonal variation in serum AMH concentrations. 

However, AMH levels did not vary between the luteal and 

follicular phase of the estrous cycle in buffalo and cattle. In 

buffalo and cattle, antral follicle count (AFC) was 

positively correlated (P<0.05) to the AMH levels in either 

luteal or follicular phase of oestrous cycle or during the 

cold or hot seasons (Table 3). 

 

DISCUSSION 

 

The present investigation revealed that under Egyptian 

conditions, the reproductive performance in buffalo and 

cattle is greatly affected by season. In buffalo and cattle, 

the incidence of cyclic animals was low and the incidence 

of smooth inactive ovaries was higher during hot than cold 

seasons. This effect was associated with a significantly 

(P<0.05) the low number of ovarian antral follicles during 

the hot season. Similar results were previously reported in 

cattle (Peralta-Torres et al., 2017); and buffalo (Abdoon et 

al., 2014). Hot season decreased follicular growth and 

dynamics (Takuma et al., 2010), and decrease the number 

of small ovarian follicles in cattle (Wilson et al., 1998). 

Early antral follicles of 0.5 to 1.0 mm in length were more 

responsive to heat stress during summer in bovines (Payton 

et al., 2004). In contrast, higher incidence (93%) of smooth 

inactive ovaries was reported in cattle and buffalo raised in 

Upper Egypt (Ali et al., 2009). Other reports failed to detect 

any seasonal variation infertility of cattle (Roth et al., 

2000); or buffaloes (Ronchi et al., 2001). These 

discrepancies could be related to the severity of 

temperature during the hot season or the duration of 

exposure to hot temperature or due to the difference in 

nutrition and management systems.  

Moreover, the hot season harms steroids production by 

ovarian follicles or corpus luteum (CL) in buffalo and 

cattle. E2 and P4 concentrations were significantly 

(P<0.05) decreased during the hot that cold season and this 

effect was noticed through the follicular and luteal stage of 

the estrous cycle in buffalo and cattle. These results 

completely agree with that previously reported in cattle 

(Satheshkumar et al., 2015), and in buffalo (Sigh et al., 

2013). Hot season has been reported to diminish ovarian 

bloodstream, which in turn directly impacts the rates of 

nutrients uptake and the hormonal release by the follicle or 

CL. Also, high temperature during the hot season may 

damage ovarian follicles and causes a decrease in E2 and 

P4 production. On contrary, other studies have reported 

that the plasma levels of oestradiol did not differ between 

previously cooled cows and cow that exposed to high 

temperature (Roth et al., 2000); and P4 level was higher in 

summer than winter season in the cattle (Terzano et al., 

2012); and in buffalo (Mondale et al., 2004). While, other 

studies have mentioned that season has no effect on P4 

levels in cattle (Roth et al., 2000); and in buffalo (Kumar 

and Rattan, 1992). This difference in E2 and P4 levels 

could be attributed to the type of high temperature (acute 

or chronic) or due to the animal nutrition status (Ronchi et 
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al., 2001), or these differences possibly may be due to 

unrestrained changes in other factors that influence E2 and 

P4 levels. 

Also, the obtained current study results revealed that 

T4 concentration was significantly higher (P<0.05) in the 

cold season than a hot season as well as the estrus phase 

than mid-luteal stage. T3 level was significantly higher (P 

< 0.05) in cold season than hot season However; no 

significant changes were detected in its level within the 

estrus phase and mid-luteal phase. The seasonal pattern of 

thyroid hormones levels frequently showed minimum 

values through summer (hot months) and high level during 

winter (cold months) and (Mayahi et al., 2014). Seasonal 

difference in thyroid concentration was recorded in camel 

(Tajik et al., 2013), cattle (Zhang et al., 2014), buffaloes 

(Singh et al., 2013) and in goats (Todini, 2007). Acute 

exposure of cattle to high environmental temperature 

resulted in the depression of the thyroid and pituitary 

functions (Kahl et al., 2015). Thyroid hormones allow the 

amplify of the responsiveness of the pituitary gland to the 

estradiol negative feedback; but are also necessary for 

steroid independent seasonal cycles in luteinizing hormone 

pulse frequency (Anderson et al., 2002). Spicer et al. 

(2001) explain the low fertility in the hot season due to low 

thyroid hormones through the stimulatory effect of T3, T4 

on theca cell in cattle. 

This is the first study on seasonal variation in AMH 

concentrations in buffalo and cattle. In the current work, 

AMH levels showed seasonal variation in buffalo and 

cattle. Serum AMH concentration was significantly 

(P<0.05) higher in the cold than a hot season in buffalo and 

cattle, however, it did not vary between the luteal or 

follicular stage of the oestrous cycle. Also, the present 

study revealed that a highly significant positive correlation 

between AMH level and number of the ovarian antral 

follicle in buffalo and cattle regardless of the season or the 

stage of the cycle. The season has an influenced on AMH 

level, with significantly elevated level during summer and 

spring in mares (Claes et al., 2015). Also, similar results 

were reported in cattle (Baursilli et al., 2015), goats 

(Monniaux et al., 2011) as well as mares (Vernunft et al., 

2011). These studies indicated that the AMH has a positive 

correlation with fertility and the quantity of ovarian 

follicles reserve, and animals with quite low AMH levels 

might naturally be less fertile. On the contrary, Dennis et 

al. (2012) noticed the levels of AMH show seasonal 

variation in women, increase in AMH levels in summer 

compared with winter. Also, Pearce et al. (2015) noticed 

serum AMH levels remained unaffected by season status in 

human. This discrepancy could be attributed to species 

difference, or the age of animals, breed or to the time of 

blood sampling.  

 

Conclusions 

The present study concluded that hot season impaired 

the reproductive performance of Egyptian cattle and 

buffalo through its direct effect on their ovaries by reducing 

the number of antral follicles and steroid and AMH 

production as well as the T3 and T4. 
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