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IntroductIon

The water buffalo represents an important part of an-
imal production in Egypt. It is economically a very 

important farm animal and genetic improvement of these 
animals is of economic importance, especially, in reproduc-
tive performance and quantity of meat and milk (Habeeb 
et al., 2016). The national production of buffalo milk and 
meat represented 66 and 43% of the national production 
and buffaloes had significantly higher longevity than cattle, 

providing calves and milk until up to 20 years of age (FAO, 
2017).

The hormones had an important role in regulating growth 
and maintaining the basal rate of metabolism (Ingole et 
al., 2012). In this concern, testosterone (TES) hormone, at 
central and peripheral levels, regulates sexual properties of 
males (Vignozzi et al., 2005). In hypogonadal men, TES 
administration improved the sexual function (Schultheiss 
et al., 2000) due to its activities on spermatogenesis, repro-
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Abstract | The current study aimed to illustrate the changes in the levels of testosterone (TES), leptin, and prolactin 
(PRL) in the blood and their relationships with age advancing of Egyptian buffalo males from one up to 24 month of 
age. Blood samples were taken from 66 male buffalo calves at 1, 3, 6, 12, 18 and 24 month of age (11 animals at every 
age). TES, leptin and PRL levels were determined in blood plasma. Results showed insignificant increase in TES 
and PRL by age advancing at 1-3 month, and in leptin at 1-6 month of age. All hormones markedly increased up to 
24 month of age. TES increased by increasing body weight (BW) from 40 to 420 kg. Leptin and PRL increased by 
increasing BW (>200 and >120 kg, respectively). The polynomial regression equation for all hormones gave the highest 
R2 values 0.889 and 0.971 for the unique measurement of age-TES and both age-leptin and age-PRL, respectively. A 
negative correlation was recorded between TES-leptin at all ages (r ranged between -0.656 and -0.995). The correlation 
between TES-PRL was significant at 1 (r=-0.701), 12 (r=-0.609), and 24 (r=-0.724) month of age. Leptin significantly 
correlated with PRL at 1 month (r=0.666), 6 (r= -0.659), and 24 (r=-0.804) month of age. The present results may 
suggest an increase in all hormonal levels (TES, leptin, and PRL), depending on progressing age or body weight of 
males. More acceleration was observed in testosterone than in prolactin and leptin by advancing age and/or weight of 
buffalo-male bulls.
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ductive tract, epididymal function (sperm maturation and 
survival) (Goeritz et al., 2003). Levels of TES are benefits 
in young sire selection. Also, TES is the first responsible 
for puberty incidence and spermatogenesis (Goeritz et al., 
2003). In Egyptian male buffalo calves from birth to 24 
months of age, the changes in TES profile showed marked 
changes according to age and body weight advancing (Ha-
beeb et al., 2016). 

Leptin, the hormone product of the ob gene, is secreted 
mainly from adipocytes (Zhang et al., 1994). It decreases 
feed consumption to regulate energy balance and increas-
es expenditure of energy (Bray and York, 1997). Leptin 
was affected negatively by TES levels in men (Blum et al., 
1997). The reversible relationship between leptin and TES 
was reported by several authors (Sánchez-Garrido and Te-
na-Sempere, 2013; Chou and Mantzoros, 2014; Mulhall 
et al., 2018). In human, leptin regulates the sexual maturity 
and modulates neuro-endocrine systems (Wauters et al., 
2000; Kawamura et al., 2002), indicating the direct con-
trol of leptin on reproductive function (Aquila et al., 2005). 
Also, leptin has important roles on regulating the function 
of gonads in males, directly via peripheral tissue mem-
brane receptors (Tena-Sempere et al., 2007) and indirectly 
through the central neuro-endocrine system (Steinman et 
al., 2001). Sperm cells can secrete leptin to modulate sperm 
metabolism, in relation to energy requirements (Aquila et 
al., 2005). 

Prolactin (PRL) is a single-chain protein containing 199 
amino acids and produced in the lactotropes of the anterior 
pituitary gland (Nett, 1993). It has a wide range of biolog-
ical actions in various species and is primarily regulated by 
dopamine secreted from the hypothalamus (Hadley, 2000). 
In females, PRL is related to pregnancy and lactation. In 
males, studies showed relation between sperm motility 
with serum PRL (Hernández Uribe et al., 2001; Pasqualot-
to et al., 2005). However, normal serum concentrations of 
PRL have been shown to exert permissive roles in the male 
reproductive tract (Gonzales et al., 1989), but excessive 
serum PRL concentration was correlated with infertility, 
hypogonadism, impotence, and galactorrhea (Segal et al., 
1979). In the ejaculate of men, PRL stimulates utiliza-
tion of glucose and fructose, activity of adenylcyclase and 
ATP-ase, thereby affecting the motility and fertilizbility 
of sperm cells. Hyperprolactinemia in men causes a lipido 
loss (Hafez and Hafez, 2000).

Male fertility depends on the proper function of a com-
plex system of organs and local balance between andro-
gen and estrogen which is important for spermatogenesis 
(Luboshitzky et al., 2002). Several factors such as sex, age, 
and other physiological states were reported to affect blood 
hormonal profiles of animals (Garg et al., 2002). Unfor-

tunately, little information is available on the changes in 
hormonal profiles of Egyptian buffaloes with age advanc-
ing. Also, the relationships among TES, leptin, and PRL at 
different ages are not studied in Egyptian buffaloes. There-
fore, the aim of this study was to illustrate the changes in 
the levels of TES, leptin, and PRL in the blood and their 
relationships with age advancing of Egyptian buffalo males 
from one up to 24 month of age.

MAtErIAlS And MEthodS
The experimental work was conducted at Mahlt Mousa 
Animal Production Station, belonging to Animal Pro-
duction Research Institute (APRI), Agricultural Research 
Center, Egypt.

This experiment was conducted in accordance with the 
Directive 2010/63/EU for animal protection that used 
for scientific purposes (Official Journal of the European 
Union, 2010). All effort has been made to reduce animal 
suffering.

animals
The experimental work was conducted on 66 male buffa-
lo-calves at different ages from one until 24 months of age. 
Animals at 1, 3, 6, 12, 18 and 24 months of age (11 animals 
at every age) were chosen in this study.

blood samplEs
By using disposable syringes, blood samples were with-
drawn from the Jugular vein of each animal before the 
morning feeding (7 a.m.). Each blood sample (10 ml) was 
collected in test tubes containing anti-coagulant (disodi-
um-EDTA), and all samples were transported in ice-box to 
the laboratory. Blood samples were centrifuged (4000 rpm 
for 15 min.) to separate blood plasma, which were stored 
at -20°C until the hormonal assay. Plasma TES, leptin, and 
PRL were measured by commercial kits.

Hormonal assays
Plasma PRL and TES levels were determined by the 
chemiluminescence method using an automated immuno-
assay analyzer (Immulite analyzer) (Siemens Healthcare 
Diagnostics, Inc., USA). Leptin concentrations in plas-
ma were measured using a solid-phase sandwich ELISA 
(EAI-2395, DRG Instruments GmbH, Germany).

statistical analysis
Data were statistically analyzed by using IBM SPSS statis-
tical program (2017) to test the differences among ages for 
each hormone, then the significant differences were sep-
arated by Duncan’s Multiple range test (Duncan, 1955). 
Partial correlation coefficients within SPSS program were 
used. Trend line for each hormone with age progress was 
estimated and regression coefficients were recorded.
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table 1: Effect of age on profiles of testosterone, leptin, and prolactin in blood plasma of male buffaloes. 
Item concentration (ng/ml)

testosterone leptin Prolactin
Age 1 (1 mo) 0.05±0.01e 1.07±0.03d 2.47±0.11e

Age 2 (3 mo) 0.27±0.03e 1.09±0.02d 3.28±0.16e

Age 3 (6 mo) 1.06±0.18d 1.11±0.03d 4.95±0.25d

Age 4 (12 mo) 1.53±0.11c 1.41±0.03c 8.98±0.40c

Age 5 (18 mo) 2.10±0.14b 2.05±0.02b 13.83±0.42b

Age 6 (24 mo) 2.40±0.11a 2.72±0.04a 21.50±0.58a

a, b …….d: Significant differences at P<0.05 for different litters in the same column. 

table 2: Effect of live body weight categories on profiles of testosterone, leptin, and prolactin in blood plasma of male 
buffaloes. 
category of lBW (kg) concentration (ng/ml)

testosterone leptin Prolactin
40-60 0.05±0.01f 1.07±0.03d 2.47±0.11e

90-120 0.56±0.13e 1.08±0.02d 3.76±0.25e

125-200 1.19±0.09d 1.29±0.05d 7.47±0.77d

210-300 1.68±0.11c 1.73±0.13c 10.65±0.99c

>300-350 2.26±0.09b 2.35±0.14b 17.42±1.38b

365-420 2.61±0.08a 2.64±0.04a 21.04±0.81a

a, b …….d: Significant differences at P<0.05 for different litters in the same column. 

table 3: Correlation coefficients of hormonal profiles in blood serum of male buffaloes at different ages.
Item correlation coefficient between

testosterone/leptin testosterone/Prolactin leptin/Prolactin
Age 1 (1 mo) -0.970** -0.701* 0.666*
Age 2 (3 mo) -0.656* 0.077 0.231
Age 3 (6 mo) -0.446 -0.209 -0.659*
Age 4 (12 mo) -0.995** -0.609* 0.579
Age 5 (18 mo) -0.955** 0.394 -0.504
Age 6 (24 mo) -0.990** -0.724* -0.804**

* Significant at P<0.05. ** Significant at P<0.01. 

rESultS

EffEct of agE
Results cleared change (P<0.05) in all hormonal levels of 
TES, leptin, and PRL (Table 1). There was insignificant 
increase in TES and PRL levels by advancing age from one 
to three months, and in leptin level from one to 6 month 
of age. Then, marked and gradual increase (P<0.05) was 
observed in all hormones by advancing age.

EffEct of livE body WEigHt catEgory
Results showed change (P<0.05) in TES, leptin, and PRL 
by increasing live body weight (Table 2). Concentration of 
TES showed gradual and continued increase (P<0.05) by 
increasing body weight from 40 to 420 kg, while the in-
crease in leptin and PRL was recorded by increasing body 

weight above 200 and 120 kg, respectively.

ratE of cHangE in Hormonal lEvEl WitH agE 
advancing
Results illustrated in Figure 1 showed significantly (P<0.05) 
different trend of increasing rate for all hormones at differ-
ent age intervals.  The highest increasing rate in TES, PRL, 
and leptin was observed at 1-3, 6-12, and 12-18 month of 
age intervals, respectively.  The lowest values of increasing 
rate were at 1-3 month of age for all hormones.

trEnd linE of Hormonal profilE cHangEs
The polynomial, exponential, linear and logarithmic func-
tions were derived to explain age and each of TES, leptin, 
and PRL relationship in males (Figures 2-4). The polyno-
mial regression equation gave the highest R2 values (0.889) 
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Figure 1: Increasing rate of testosterone, leptin, and 
prolactin levels in blood plasma of male buffaloes at 
different age intervals.

Figure 2: Trend line of testosterone profile in blood serum 
of male buffaloes at different ages.

Figure 3: Trend line of leptin profile in blood serum of 
male buffaloes at different ages.

Figure 4: Trend line of prolactin profile in blood serum of 
male buffaloes at different ages.

for the unique measurement of age-TES. The analysis and 
curve fitting revealed that the polynomial function ex-
plained TES in male for ages to the extent of 88.9%, hence 
the equation (y= -0.0097x2 + 0.5741x - 0.6283) can reliably 
be utilized for the prediction of TES in males, where y= 
TES (ng/ml) and x = age (month) (Figure 2).

The polynomial regression equation gave the highest R2 
values (0.971) for the unique measurement of age-leptin. 
The analysis and curve fitting showed that the polynomial 
function explained leptin in male for ages to the extent of 
97.1%, and the equation (y = 0.1025x2 - 0.3901x + 1.3834) 
can reliably be utilized for the prediction of leptin of males, 
where y= leptin (ng/ml) and x = age (month) (Figure 3).

In the same pattern, a polynomial regression equation gave 
the highest R2 values (0.971) for the unique measurement 
of age-PRL. The analysis and curve fitting cleared that the 
polynomial function explained PRL in male for ages to the 
extent of 97.1%, and the equation (y = 0.8398x2 - 2.1412x 
+ 3.9254) can reliably be utilized for the prediction of PRL 
of males, where y= PRL (ng/ml) and x = age (month).

corrElation coEfficiEnts at diffErEnt agEs
Regarding the correlation between hormones within each 
age, results revealed negative correlation between TES and 
leptin at all ages. The correlation between TES and leptin 
was negatively the highest at 12 and 24 month of age (r=-
0.995 and -0.990, P<0.01), while it was insignificant at 6 
month of age. The correlation between TES and PRL was 
significant (P<0.05) and negative at 1, 12, and 24 month of 
age, being the highest at 24 month of age. However, leptin 
significantly correlated positively with PRL at 1 and neg-
atively at 6 (P<0.05), being in a negative pattern (r= 0.804, 
<0.01) 24 month of age (Table 3).
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dIScuSSIon

The results concerning the change in hormones as affect-
ed by age or body weight category indicated gradual and 
sharp increase in TES with advancing age from 1 up to 24 
month of age (polynomial trend, R2 88.8%) or body weight 
from 40 up to 420 kg. Concentration of TES is related 
to age (Delgadillo and Chemineau 1992) and positively 
correlated with animal body weight (Bezerra et al., 2009; 
Habeeb et al., 2016). Concentration of TES was reported 
to increase by increasing age or body weight (Habeeb et al., 
2016). The TES is important for the sex drive, energy, and 
behavior, therefore a significant alteration in TES profile 
may alarmed with advancing age (Al-Qarawi et al., 2004). 
In comparable with our results, the highest rate of increase 
in TES was observed at 1-3 month of age, followed by that 
at 3-6 month of age. On the other hand, the first signifi-
cant increase in serum TES occurred at 8-9 months of age 
(Singh Shatab et al., 2016).  In Italian Mediterranean buf-
falo bulls, body weight and level of plasma TES decreased 
at 5-21 months and increased at 25 months, showing the 
maximal levels at 38 month of age (Malfatti et al., 2006). 
In Holstein bulls, serum level of TES showed lower lev-
el in young bulls as compared to advanced ages. Level of 
serum TES elevated to 5.80 ng/ml at 48 month of age in 
comparing with 2.00 ng/ml at 12 month of age (Matsuzaki 
et al., 2000).

Puberty of swamp buffalo bull is likely to arrive at an ear-
lier age (less than 24 months) as reported by Fischer and 
Bodhipaksha (1992). Other information indicated that 
the buffalo, both males and females, are sexually mature 
at the age of 3-4 years (Fischer and Bodhipaksha, 1992; 
Gordon, 1996). Level of serum TES increased (P<0.05) 
in bulls with acceptable and fair sexual behavior compared 
with those with poor sexual behavior, being 0.86±0.01, 
0.69±0.02, and 0.29±0.02 ng/mL, respectively as observed 
by Swelum et al. (2017). Concentration of TES was higher 
(P<0.05) in adult buffalo bulls (2.93±0.44 ng/ml) than in 
male calves (1.20±0.35 ng/ml) (Singh Shatab et al., 2016). 
In our study we found that level of TES was less than 1 
ng/ml at age ≤6 month of age reflecting pre-puberty stage 
of males. Meanwhile a pronounced increase in TES to be 
2.10±0.14 ng/ml at 18 month of age which mean that bulls 
to be at puberty stage. At this age average TES concentra-
tion was above 2 ng/ml. Buffalo bulls can complete estab-
lishment of spermatogenesis at 24 month of age (Gordon, 
1996). Moreover, TES concentration was higher (P<0.05) 
in adult buffalo bulls than in male calves (2.93±0.44 ng/ml 
versus 1.20±0.35 ng/ml) (Singh Shatab et al., 2016). They 
observed that in serum TES concentrations were very low 
(18.0 ± 2.9 pg/ml) in buffalo bull calves at birth and re-
mained low up to 8 month of age. The obtained results 
revealed that plasma TES concentration was 2.40 ng/ml at 

24 month of age and 2.26 for LBW category of >300-350 
kg which may suggest the sexual maturity of most bulls at 
this age/weight.  

According to our results, there was a slight increase in lep-
tin to 12 month of age or >200 kg BW, and in PRL from 
1 to 6 month of age or body weight from 40 to 120 kg. 
Later and marked increase in leptin and PRL (polynomi-
al trend, R2 = 97.1% for each) was recorded at 12 and 6 
month of age, respectively. Leptin is secreted by the white 
adipose tissue in proportion to body energy (fat) stored. It 
controls the reproductive function of males (Gholami et 
al., 2010) and regulates animal body weight (Tena-Sem-
pere et al., 2007; Glander et al., 2002). Many authors re-
ported that leptin showed a reduction (Rosenbaum et al., 
1996), no change (Ahrén and Pacini, 1998), or an increase 
(Baumgartner et al., 1999) during aging. In human, the 
differences in serum leptin were reported between young 
and old males, and age may affect leptin secretion in non-
obese and obese males (Isidori et al., 2000). In addition, 
blood leptin decreased by 53% in older males (Ostlund et 
al., 1996). The central response of leptin was also impaired 
by aging (Pétervári et al., 2014). Down-regulation of meg-
alin expression occurred by aging (Dietrich et al., 2008), 
resulting in a reduction of leptin uptake in the hypothal-
amus due to decreasing leptin receptor mRNA expression 
(Fernández-Galaz et al., 2001), and protein of leptin re-
ceptors in the hypothalamus (Scarpace et al., 2001).

The negative correlation between leptin and TES at dif-
ferent ages in our study was attributed to the observed 
increase in TES or leptin level with age progress of buf-
falo bulls. In this respect, in vitro study of Wabitsch et al. 
(1997) on human cleared that TES had a direct long term 
inhibitory effect on production of leptin from adipocytes. 
In men, cross-sectional study has reported that TES nega-
tively affected leptin level in blood independently of body 
fatness (Vettor et al., 1997). Leptin levels may reflect fat 
mass, which is decreased by TES treatment (Isidori et al., 
2000). Moreover, leptin exerts receptor-mediated inhib-
itory action on hCG-stimulated TES secretion in vitro 
from Leydig cells in rat (Caprio et al., 1999). There may 
be a threshold level for serum TES that is necessary for 
the suppression of leptin. To indicate this negative rela-
tionship, some authors found that administration of TES 
reduced leptin levels in hypo-gonadal ( Jockenhövel et al., 
1997; Sih et al., 1997). During puberty, high TES levels 
were found to parallel a reduction in level of leptin (Gar-
cia-Mayor et al., 1997; Mantzoros et al., 1997). Suppres-
sion of TES in boys by GnRH agonist treatment increased 
leptin levels (Palmert et al., 1998). Since TES is involved 
in the regulation of fat mass, it may be speculated an in-
direct relation between TES and leptin (Söderberg et al., 
2001). The recent results of Lima et al. (2020) indicated 
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that increasing level of serum leptin is independently relat-
ed to reducing TES level, even when controlling for oth-
er associated factors. In this context, Isidori et al. (1999) 
studied the relationship between leptin and reproductive 
hormone levels. There was an adverse correlation between 
androgen and leptin levels after hCG stimulation (Garcia 
et al., 2002). Leydig cells have leptin receptors (Caprio et 
al., 1999) and high serum leptin levels could actively im-
pair (Alberti et al., 2005; Mulhall et al., 2018), lyase steps 
of the testicular steroidogenic pathway, causing reduced 
production of intra-testicular TES (Caprio et al., 1999).

Throughout aging, the pituitary gland has an ability to 
adapt its cellular contents to fulfill altering the body endo-
crine demands. The anterior pituitary contains lactotropes 
cells which produce PRL, playing an essential role in preg-
nancy and lactation (Vankelecom, 2016).  During postna-
tal life, the pituitary gland has the flexibility to modulate 
the production of its hormones by re-modulation its activ-
ity and cellular contents in these conditions (Styne, 2003). 
The pituitary gland in rodent almost doubles in size several 
weeks after birth in term of increasing cell proliferation 
and expansion of cell size because of endocrine differenti-
ation with accumulation of hormone-containing secretory 
granules (Zhu et al., 2015). The effect of age and weight on 
PRL levels of males in human was reported by Isidori et 
al. (2000), who found serum PRL was 3.5±0.8 and 4.0±0.7 
ng/ml at <30 vs. >30 BMI, respectively. In females, the rise 
in PRL is substantially due to an increase of lactotropes 
number in the anterior pituitary (Laporte et al., 2021). In a 
study of Roelfsema et al. (2012), age was weakly negatively 
correlated with PRL pulse mass. PRL secretion during the 
daytime was age-invariant (Iranmanesh et al., 1999) sug-
gesting that the decrease in nocturnal PRL secretion is not 
the result of decreased lactotrope cell mass. Generally, rate 
of increase in TES, leptin and PRL levels between 1 and 
24 month of age was about 4800, 254, and 870%, respec-
tively. This was reflected in higher and significant (P<0.01) 
positive correlation coefficients between TES-leptin, TES-
PRL, and leptin-PRL correlations, being 0.797, 0.859, and 
0.973, respectively.

concluSIon

Based on these findings, the present results may suggest an 
increase in levels of all hormones (TES, leptin, and PRL) 
depending on age progress or change in body weight of 
Egyptian buffalo males. Such results also indicated more 
acceleration in TES level than in PRL and leptin levels by 
advancing age and/or weight of buffalo-male bulls.
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