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Buffalo, as the major livestock species for milk and meat production,

contribute significantly to the economy of many countries in south &
south-east Asia, South America, Africa and the Mediterranean. Improved
buffalo production could significantly enhance the economy and the living
standards of farmers in countries where buffaloes predominate;
particularly, in countries with a tropical climate. The major factors limiting
the efficient utilization of buffaloes in countries with a tropical climate
are: late maturity; poor estrus expressivities, particularly in summer
months; long postpartum calving intervals; low reproductive efficiencies

and fertility rates which are closely linked with environmental stress; as
well as managerial problems. As good reproductive performance is

essential for efficient livestock production, the female buffalo calves must
grow rapidly to attain sexual maturity, initiate estrous cycles, ovulate and
be mated by fertile males or inseminated with quality semen to optimize
conception and production. In the last two decades, considerable attention
has been focused on understanding some of the causes for the inherent
limitations in reproduction among buffaloes by studying their reproductive

endocrinology as well as developing biotechniques for augmenting their
reproductive efficiency. This review provides an overview of buffalo
reproductive endocrinology and also of the research done to date towards
the enhancement of buffalo reproductive efficiency through endocrine
and embryo biotechniques.

Introduction

There are about 158 million buffaloes in the world and roughly 153 million (97%) of these are
water buffaloes essentially found in the Asian Region. The overall buffalo numbers are increas-
ing by about 1.30/0annually (FAO 2000). Apart from being the mainstay of the milk production
system in many south & south-east Asian countries, buffalo also contribute to the rural economy
in terms of meat production and draught. The riverine buffalo is better adapted than cattle to
tropical cl imates especially with respect to utilization of poor quality roughages and resistance
to some of the tropical diseases (Chauhan 1995). This makes buffaloes easy to maintain using
the locally available roughage and crop residue. In recent years the buffalo has gained more
attention around the world compared to the cow, not just due to its reasonable growth rate on

Corresponding author E-mail: mlmadanahotmail.com



262 M.L. Madan and B.S. Prakash

roughage feeding, but also due to its high milk yield with high fat percentage, tolerance to hot
and humid climates, lean meat and draught ability.

The buffalo, however, is a sluggish breeder and is beset with various constraints which
adversely influence its fertility; such as, problems of silent heat coupled with late maturity,
poor expression of estrus, irregular estrous cycles, seasonality in breeding, anestrus, low con-
ception rates, long postpartum calving intervals and repeat breeding (Madan 1990). Consider-
able attention has been focused on the reproductive endocrinology of the buffalo as a means to
identify specific problems and devise means to augment reproductive performance. An under-
standing of hormonal interplay is required for alleviating reproductive problems of an endo-
crine origin. This knowledge is paramount for biotechnological applications for enhancing the
reproductive efficiency in this animal. This review presents a) the state of knowledge on the
reproductive endocrinology of the riverine buffalo (Murrah breed) and b) research studies car-
ried out for improving fertility in these species using endocrine biotechniques.

Estrous behaviour

Reproductive efficiency among large ruminants is greatly dependent upon the detection of estrus.
This is even more important with reference to small herds managed under tropical or subtropical
environments because high air temperatures shorten the duration of estrus and lower its intensity
(Madan & Johnson 1973; 1975) as demonstrated under controlled environments in cattle. The
intensity of estrous behavior in tropical buffaloes has been found to be much lessthan cows. The
usual weak symptoms of estrus in the normal breeding season (September to February) become
even weaker during the hot months of summer. Among Murrah buffaloes diurnal patterns of es-
trous behavior have been observed with 59°/0of estrusesrecorded between lOpm and 6am (Prakash
2002). The maximum occurrences of various heat symptoms were seen in the winter months of
November to February while the lowest occurrences were during March to August in a selected
group of buffaloes observed throughout the year (Fig. 1) (Prakash2002). Out of the 8 major symp-
toms of estrus, 5 symptoms (that is, vulval engorgement, frequent urination, bellowing, bull mount-
ing and restlessness)contributed to 85 percent of the total observations (Fig. 2 and 3). Mucus
discharge, licking of the female by the bull and chin resting by the bull were minor symptoms.
During the summer months frequent urination was the most prominent heat symptom recorded
(Fig. 2).

In another study, the incidence of silent heat occurrences throughout the year was determined
in buffaloes by milk progesterone monitoring with the objective of studying the influence of
changing environmental temperatures on heat occurrences (Prakash et al. 2005). Out of a total of
292 estrusesdetected by milk progesterone monitoring 108 estruses(37%) went unobserved. The
incidence of silent heat was lowest in December (10.5%) while the peak was seen in April (70°/a).
There was agradual decline in incidence of silent heat occurrence from May onwards (Fig. 4). Due
to the high incidence of silent heat, large numbers of buffaloes are left unbred and contribute
substantially to a high service period in this animal (139 days among 89 buffaloes in this study).
Season of calving had a profound influence on the service period. The mean service period of
animals calving from December till Junewas more than 140 days and was significantly higher than
mean service period of animals calving in the months of July to November (<110 days). The high
service period of buffaloes in the former group of animals was attributed to the high incidence of
silent estrus, which the animals would exhibit in the summer months once they commence cy-
cling postpartum (Fig. 5). The effect of different seasonson both the resumption of ovarian activity
and embryo survival may be a function of temperature and/or photoperiod: further elucidation by
conducting systematic studies uncoupling temperature from photoperiod influences is required.



Buffalo endocrinology and reproductive augmentation 263

6 A.M.

2 P.M.

10 P.M.
75


E 60


45


2, 30


15


0
5 6 7 8 9 10 11 12

Months(1-12)

Fig.1. Variation in number of heat symptoms observed in Murrah buffaloes (n =13) during
different months
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Fig.3. Incidence of various heat symptoms in Murrah buffaloes

Fig.4. Incidence of silent estrus in buffaloes during different months

The endocrinology of the buffalo estrous cycle

Progesterone

Progesterone at appropriate cyclic concentrations is essential for expression of estrus, preparing
the uterus for implantation and the maintenance of pregnancy. Essentially, the concentrations
of progesterone in peripheral plasma of cycling buffaloes rise and fall in coincidence with the
growth and regression of the corpus luteum (CL) (Bachlaus et al. 1979; Kamboj & Prakash
1993). The reports indicate that concentrations of progesterone in peripheral blood plasma are
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minimal on the day of estrus (< 0.4 ng/ml) and rise to a peak concentrations (1.0 ng/ml to 4 ng/
ml) on days 12-16 of the cycle before declining to a basal level at the onset of next estrus.
Circulating progesterone concentrations are lower in hotter months and may therefore be re-
sponsible for poor expression of estrus and low conception rates (Rao & Pandey 1982). Proges-
terone concentrations have been found to vary with nutritional status in buffaloes. Kaur and
Arora (1984) studied circulating progesterone concentrations in a group of buffaloes fed nor-

mally (7 kg straw, 2 kg concentrates and 0.5 kg dry matter) and in an underfed group (65% less
digestible crude protein, 23.8°/a less total digestible nutrients than normally fed group). Their
results showed that progesterone concentrations were lower in summer than in winter in nor-
mally fed buffaloes. The optimum fed buffaloes exhibited weak estruses of short duration
during night hours in summer whereas underfed buffaloes did not exhibit any estruses, which
lead to persistent infertility. Under-nutrition coupled with high environmental temperature
stress was responsible for a long anestrus in buffaloes. The pattern of progesterone in milk is
similar to that in plasma but concentrations in milk are higher than those observed in blood
plasma due to lipid solubility of steroid (Batra et al. 1979; Kamboj & Prakash 1993).

Estradiol

Estrogen induces behavioral symptoms of estrus by its action on the central nervous symptom.
Some reports on circulating estradiol concentrations during the estrous cycles of Murrah buffa-
loes are available (Bachalaus et al. 19 79; Kanai & Shimizu 19 84; Avenel I et al. 1985). Circulat-

ing concentrations of estradio1-176 increase following luteolysis and reach a peak value either
a day before or on the day of estrus. After attaining the peak concentration, estradiol concentra-
tions in circulation decline to basal levels 2 days following estrus. Minor peaks are detected
during the midluteal phase, suggesting the occurrence of additional follicular waves in this
species. Buffaloes have been reported to have two or three waves of follicular growth during an
estrous cycle with the second wave occurring during days 10-11 of the cycle (Barusel Ii et al.
1997; Manik et al. 1998). Palta et al. (1996a) reported estradio1-176 concentrations (ng/ml) of



266 M.L. Madan and B.S. Prakash

2.40+0.85, 6.27+2.74 and 30.29+11.69 in small (3-5 mm in diameter), medium (6-9 mm in
diameter) and large (10-12 mm in diameter) buffalo follicles, respectively. The concentrations of
estradiol in whole milk are higher and positively correlated with that in plasma during the estrous
cycle in buffaloes (Batraet al. 1980). Seasonshave been shown to affect estradiol concentrations in
blood plasma. Raoand Pandey (1983) reported that whilst estradiol concentrations increase signifi-
cantly on the day before and on the day of estrus in hot-dry (April to June), hot-humid (July to
September), warm (October to December) and cold (Januaryto March) weather, the peak concen-
trations are lower in summer compared to cooler months. A decrease in the peak concentrations of
estradiol around estrus, at the time of decreased progesterone concentrations, may be responsible
for the higher incidence of silent estrus during summer (Rao & Pandey 1982).

lnhibin

Inhibin, a glycoprotein hormone produced by the granulosa cells of ovarian follicles, suppresses
pituitary production and/or secretion of gonadotropins (preferentially FSH)through negative feed-
back on the pituitary. There are several studies that report the peripheral plasma inhibin concentra-
tions in relation to cyclicity in buffaloes (Palta et al. 1996b; 1997; Mondal et al. 2003a;b). The
studies indicated that peripheral inhibin concentrations increase to a maximum concentration 2-4
days preceding estrus and decline subsequently to basal concentrations during the early luteal
phase. The significant increase in inhibin concentrations through the late Iuteal to periestrus phase
is suggestive of a vital role of inhibin in fol Iiculogenesis. Inhibin concentrations were significantly
higher during the winter season compared to summer (Palta et al. 1997). The lower inhibin con-
centrations during the summer season could be due to a decline in ovarian activity of buffalo
ovaries (Roy et al. 1972). Changing photoperiods do not influence circulating concentrations of
either gonadotrophins (LH and FSH) or gonadal hormones (progesterone and estradiol-176) which
suggests that environmental stress due to increasing temperature may be influencing follicular
turnover and hence inhibin production (Singh 1990). Inhibin concentrations in buffalo follicular
fluid are directly correlated with the size of the antral follicle (Palta et al. 1996b;c; 1998). As the
population of the follicles of all size categories contributes to the circulating inhibin levels, the
pattern of peripheral inhibin concentrations observed in the Singh (1990) study is probably a
reflection of the overall follicular population at different stagesof estrous cycle.

Follicle Stimulating Hormone

Gonadotroph in (both LH and FSH) estimations in buffalo plasma have been done using heterolo-
gous radioimmunoassays with bovine standardssince purified buffalo gonadotroph ins are not avail-
able. Circulating FSH plays a vital role in the initiation and regulation of the buffalo estrous cycle
(Razdan et al. 1982). Several reports are available on peripheral plasma FSHconcentrations during
the oestrous cycles of buffaloes (Heranjal et al. 1979; Janakiraman et al. 1980; Razdan et al. 1982).
Peak concentrations of FSH were detected on the day of estrus in Murrah buffaloes and FSH
concentrations declined gradually over the next 3-6 days. Kaker et al. (1980) observed the occur-
rence of preovulatory surges of FSH. Seasonshave been shown to influence peripheral concentra-
tions of ESH.Janakiraman et al. (1980) reported significantly higher FSH concentrations at estrus
and during the luteal phase during the peak breeding seasons(November to December; 61.6 ng/
ml) in comparison to the corresponding times of the cycle during both the medium (July to Octo-
ber; 46.9 ng/ml) and low (March to June; 49.1 ng/ml) breeding seasons in Surti buffaloes. Lower
FSH concentrations during the low breeding seasonswere associated with lower follicular activity
and the highest incidence of anovulatory cycles.
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Luteinizing Hormone

During most of the buffalo oestrous cycle the circulating concentrations of LH are low (0.72-2.0
ng/ml) and peak concentrations (20-40 ng/ml) are measured on the day of estrus (Heranjal et al.
1979; Kaker et al. 1980; Arora & Pandey 1982; Kanai & Shimizu 1984; Avenell et al. 1985).
Higher concentrations of LH on the day of estrus were observed in cooler months compared to
hotter months (Rao & Pandey 1983). The decrease in peak LH concentrations in hotter months has
been attributed, among other causes,to the direct effects of heat stress (Madan & Johnson 1975).
As estrous behavior is controlled by estrogen and progesterone, the decrease in peak concentra-
tions of LH around estrus would contribute to the higher incidence of silent estrus during the
summer.

The accurate detection of preovulatory events facilitates efficient reproductive management in
artificial insemination (Al) and embryo transfer programs; for example, knowledge of the timing of
ovulation permits the precise timing of Al. In order to assessthe exact time of ovulation after onset
of estrus, Murrah buffaloes were observed for the onset of estrus by visual observations of the signs
of estrus and the females response to a vasectomized bull (teaser)at 0600, 1200, 1800 and 2400 h
every day. The time of ovulation was determined by changes in the follicular surface, from turgid
at the onset of estrusto flaccid after ovulation, felt by rectal palpation at 2h intervals from the onset
of estrus till ovulation (Prakashet al. 2005). Blood samples were collected at 2h intervals from the
onset of estrustill 2h after ovulation and the concentration of LH was assayed in the corresponding
plasma samples. Ovulation occurred 42.2 +2.8h (range = 28 to 60h) after the onset of spontaneous
estrus and 23.3+3.5h (range = 18 to 40h) post onset of the peak LH concentration (Fig. 6).
However, initially LH profile concentrations gradually declined from 2.71+1.22 ng/ml at the
onset of estrus (Oh)to basal levels of .0.31 ng/ml 16h later (Prakash et al. 2005).
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Fig.6. Plasma LH (Mean +SEM) profile and timing of ovulation after onset of spontaneous
estrus in Murrah buffaloes (n =10)
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The concentrations of prolactin in peripheral plasma of buffaloes have been reported by several

workers (Heranjal etal. 1979; Razdan & Kaker 1980; Pahwa & Pandey 1984; Galhotra etal. 1988;
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Singh & Madan 1993). Circulating prolactin concentrations are 2-6 fold higher throughout the
estrous cycle in the low breeding season (summer) compared to those in either the medium
(monsoon) or peak breeding seasons. High concentrations of prolactin during the low breeding
season (summer) may be due to an influence of photoperiod on the pineal gland activities of
prolactin controlling factors. Plasma prolactin concentrations in cycling buffalo heifers were
248.50+16.03 to 369.63 +25.13 ng/ml in the summer months in comparison to several fold lower
concentrations of those observed in the winter months (3.10+0.48 to 9.14+1.39 ng/ml) without
exhibiting a definite trend during cyclicity (Roy & Prakash 2006). Singh and Madan (1993) re-
ported that prolactin concentrations during summer were higher in non-lactating females than in
lactating buffaloes whereas during winter the concentrations were lower in non-lactating females
than in lactating buffaloes. The circadian variation in prolactin concentrations was more pronounced
in summer than in winter because of greater variation in ambient temperature between morning,
noon, evening and night during summer than winter. Very high prolactin concentrations in the
summer months were associated with low estrogen concentrations and summer anestrus (Singh &
Madan 1993).

Prostaglandins

PGE2c,plays an important role in ovarian function and is involved in both the induction and syn-
chronization of estrus in buffaloes (Bachalaus et al. 1979; Kamonpatana et al. 1976). Mishra et al.

(2003) observed a pulsatile pattern of plasma PGFM release prior to estrus when PGFM was
determined in blood samples collected at hourly intervals of time. PGFM pulsatility was not
observed when a blood sampling frequency of either 4 or 12 hours was used (Batra& Pandey 1983;
Mishra et al. 2003). The increase in PGFM concentrations before estruscoincided with the decline
of progesterone concentrations (Batra et al. 1979; Mishra et al. 2003).

Testosterone, cortisol, T3 and T4

Singh and Madan (1985) reported that mean testosterone concentrations were low from the day of
estrus up to day 5 of the cycle with peak concentrations, of approximately 0.10 ng/ml, measured
on days 8 and 9 of the cycle. Peripheral plasma cortisol concentrations have been reported to be
higher on the day before and day of estrus in Murrah buffalo heifers (Kumar et al. 1991; Madan et

al. 1993). Dur ing the estrouscycle, mean plasma 13 and 14 concentrations vary between 0.84 +0.16
- 1.88+0.10 ng/ml and 33.28+5.08 - 50.76+8.23 ng/ml, respectively (Khurana & Madan 1985).
On the day of estrus the highest concentrations of 13 and 14 are detected: the high concentrations
of 13, 14 and cortisol may be due to stress of estrus. Sarvaiya and Pathak (1992) reported that
circulating concentrations of 13 and T4 were significantly higher in cycling buffalo heifers com-
pared to anestrus heifers. Higher concentrations of thyroid hormones in cycling animals have also
been attributed to the influence of ovarian steroids (D'Angelo & Fisher 1969) as well as pituitary
gonadotrophins (Maqsood 1954).

Endocrine changes in the peripubertal buffalo

The buffalo suffers from a slow growth rate (Arora 1979) and hence delayed puberty (Pandey
1979): in particular, Indian Murrah, an important dairy breed of buffalo, has been recorded as
attaining puberty as late as 33 months of age (National Dairy Research Institute, Karnal, India
1996). Buffaloes have been administered with GnRH at 12, 24, 30 and 36 months to test the



Buffalo endocrinology and reproductive augmentation 269

responsiveness of the hypophysis in terms of both FSH and LH release (Singh & Madan 1998a;b;
2000a). The mean basal circulating concentrations of plasma FSH among the heifers of 12
months of age were lower than at 24 and 30 months. Whereas the basal concentrations of
plasma LH among the heifers at 12 months were higher than plasma LH concentrations mea-
sured among buffaloes of 24 and 30 months of age. Peri-pubertal animals displayed a steady
increase in basal LH production and a decline in LH peak concentrations with advancing age
indicating that the process of sexual maturation of buffaloes was associated with an increase in
basal circulating LH. Though the gonadotroph in release pattern after administration of GnRH
(single injection) was nearly similar in these animals, animals of different age groups and
reproductive cycle status differed in terms of magnitude of release of gonadotrophin and time
taken to reach the peak response post GnRH injection (Singh & Madan 1998a;b; 2000b; 2002a).

Buffalo heifers at 36 months of age have lower circulating concentrations of both estrogen
and progesterone than heifers of 24 and 30 months of age. These results are suggestive of the
possible lack of intrinsic hypothalmo-hypophyseal-gonadal interplay as seen among the adults.
Administration of a non-hypophyseal gonadotrophin (pregnant mare's serum gonadotrophin:
PMSG) to animals of 36 months of age resulted in a gradual increase in estrogen concentrations
associated with follicular development (Singh & Madan 1999a;b) and phasic production of
progesterone. In terms of follicular and ovulatory responses to exogenous PMSG adminstration,
heifers of 12 months responded better with an increased number of follicles ovulating (7.1 +0.7)

than the heifers of 24 months (5.3+1.0) and 36 months (4.0+1.0) of age (Singh & Madan
1999a;b). A GnRH injection at PMSG-induced estrus in prepubertal buffaloes caused synchro-
nized ovulations of large sized follicles and reduced the intervals from onset of estrus to ovu-
lation and also between the first and last ovulation. The plasma prolactin concentrations at 12
months of age were significantly higher than at 24, 30 and 36 months and administration of
Gn RH did not affect prolactin release (Singh & Madan 2000c; 2002b).

In buffalo heifers the beginning of ovarian activity depends on live weight; in fact, it has
been determined that buffaloes have normal estrous cycles when they attain two thirds of their
adult body weight (Esposito et al. 1992). Nutrition therefore plays an important role in the
timing of the beginning of reproductive activity. In the Mediterranean buffalo (Esposito et al.

1992) there is a delay in the onset of puberty when in the months preceding puberty the diet
has insufficient energy. In a study that evaluated the effect of long term and short term nutri-
tional management on conception patterns at first mating in Mediterranean buffalo heifers, it
was found that long term nutritional management had a major influence on the age and live
weight at first conception (Campanile et al. 2001). Heifers that were kept on a constant and
relatively high plane of nutrition conceived at a younger age (540 days of age) compared with
heifers that were fed on a low plane of nutrition (840 days of age). Similar results have also
been observed by Barkawi et a/. (1989) and Barnabe et al. (1997) in like studies.

The interplay of endocrine mechanisms leading to the transition from sexual quiescence to
sexual function and the interaction with growth rate, live weight, metabolic changes and age in
buffaloes were investigated (Haldar & Prakash 2005). A group of Murrah buffalo heifers
(21.92+1.09 months of age, 269.67+7.97 kg body weight) were assigned to a diet to provide
weight gain of 0.4 kg/day. Heifers attained puberty at an average age of 31.53+0.88 months
with 380.67+6.42 kg body weight. Circulating progesterone concentrations were very low
(0.20 - 0.30 ng/ml) during the pre-pubertal period. Plasma LH and GH concentrations increased
(P< 0.05) over the months preceding puberty and were highest during the month before pu-
berty: plasma GH and LH concentrations were positively correlated prior to (r= +0.59; P< 0.05)
aswell as after puberty (r= +0.42; P< 0.05). There was a positive correlation between plasma
LH concentrations and body weight during the pre-pubertal period (r = +0.61; P< 0.05) and
thereafter a negative correlation during the post-pubertal period (r= -0.64; P< 0.05). Plasma
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GH concentrations and body weight were positively correlated both before puberty (r = +0.92:
P< 0.01) and after puberty (r = +0.32; P< 0.05). These results suggest that both GH and LH are
equally important and vital cues in inducing the onset of ovarian function in buffalo heifers.

Endocrinology of gestation and parturition in buffaloes

Palta and Madan (1996) measured a significant reduction in plasma FSH concentrations in
Murrah buffaloes from days 60 to 240 of gestation. However, they did not observe any signifi-
cant changes in the basal plasma LH concentrations in the same period. During the last stages
of pregnancy, LH concentrations fluctuated narrowly between 0.4 and 0.9 ng/ml in riverine
buffaloes (Galhotra et al. 1981; Barkawi et al. 1986). Kamonpatana (1984) also reported low
circulating concentrations of LH in Swamp buffaloes during the 10 days before and after partu-
rition.

In per ipartu m Murrah buffaloes mean plasma estradio1-176 concentrations increased gradu-
ally from 30 days preterm to 5 days preterm followed by a steep increase to peak concentra-
tions on 1 day prepartum (Prakash & Madan 1984a; 1986). The mean plasma progesterone
concentrations declined gradually from 1.82 ng/rn130 days preterm to 1.21 pg/ml 2 days prepar-
turn, then fell sharply to low levels at calving (Prakash & Madan 1985a; 1986). Mean PGF
concentrations remained low (< 0.75 ng/ml) up to day 2 prepartum, increasing substantially to
1.86 ng/ml on day 1 prepartum, followed by a steep rise to a peak value of 4.16 ng/ml at
partum (Prakash & Madan 1985a). The mean plasma cortisol concentrations remained more or
less constant during the pre- and postpartum periods rising sharply to a peak at calving (Prakash
& Madan 1984b; 1986). The pattern of change in the concentrations of the hormones was
essentially similar to those recorded in peripartum cows (Thorburn et al. 1977).

Endocrine Changes in the buffalo postpartum

Postpartum anestrus remains a major reproductive limitation in buffalo. The calving to calving
interval in 48-66% of buffalo is > 14 months as a result of the environment and unpredictable
management (Perera 1999). Buffaloes are susceptible to many stressors that seriously affect
reproductive efficiency; especially, day length, high temperatures and nutritional deficiencies.
Suckling is encouraged in buffalo to enhance calf survival rate and facilitate milk let down but
unfortunately this practice also attenuates the neuroendocrine signals required for resumption
of ovarian activity. Studies have been attempted for reducing post-partum anestrus in buffaloes
but protocols still require refinement (Tiwari & Pathak 1995).

Progeste rone

Routine determinations of milk progesterone concentrations indicated that the interval from
calving to first postpartum commencement of cyclicity is highly variable with a mean of around
68 days in Murrah buffaloes (Prakash et al. 2005). This also contributes to the large service
period in this animal. Postpartum anestrus has also been classified in terms of a) non detection
of animals in estrus due to poor estrus expressivity and behavioral estrus signs or b) as "true
anestrus" when the ovaries are non-cyclic with no follicular development or CL formation
(Madan et al. 1984). Such animals do not respond to Iuteolytic compounds for estrus induction.
However, animals showing phasic cycles with progesterone undulations in diestrous phase,
respond to such compounds.
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FSH and LH

During the postpartum period baseline plasma FSH concentrations were significantly higher
(P< 0.01) on day 20, compared to the concentrations obtained on day 2, but did not differ
significantly from the concentrations obtained on day 35 postpartum (Palta & Madan 1996).
However when milked buffaloes were compared with suckled buffaloes there were no signifi-
cant differences in plasma FSH concentrations between days 3 and 90 postpartum or between
milked and suckled buffaloes (Arya & Madan 2001a). In two separate studies, no significant
changes in basal plasma LH concentrations were detected between days 3 to 90 postpartum or
the first 4 months postpartum during which period the buffaloes did not exhibit any estrus (Arya
& Madan 2001a; Gal hotra et al. 1981). There were also no significant changes in plasma LH
concentrations between milked and suckled Murrah anestrous buffaloes (Arya & Madan 2001a).
However, in another study there was a progressive increase in basal plasma LH concentrations
from days 2 to 35 postpartum (Palta & Madan 1995). The responsiveness of the pituitary gland
to GnRH administration in terms of LH and FSH release was drastically increased (P< 0.01)
between days 2 and 20 postpartum, although the responsiveness to GnRH administration dur-
ing advancing gestation in buffaloes showed a declining trend in gonadotrophin release (Palta
& Madan 1996). In conclusion, there appears to be insufficient gonadotrophic support for
follicular growth and development during the early postpartum period.

Prolactin and GH

Prolactin is absolutely crucial for galactopoesis and whilst the suckling stimulus is of a certain
quality, and that quality is thought to be read by the hypothalamus by the pattern and concen-
tration of prolactin release, the hypothalamic-pituitary-ovarian axis is suppressed although it is
not clear by what mechanism(s). Growth hormone is a known anabolic hormone and has been
seen to play a role in enhancing growth and early commencement of puberty in buffaloes
(Mondal & Prakash 2003; 2004; Haldar & Prakash 2006). Hence the principle hormones, which
could be playing a major role in determining the length of postpartum period for cyclicity
commencement, are prolactin and GH. While no significant correlation was found between
GH concentrations and days to commencement of cyclicity, the correlation of plasma prol actin
concentrations with commencement of cyclicity was highly significant (r=0.90, P< 0.01: Prakash
et al. 2005): the high plasma prolactin concentrations are probably associated with low release
of gonadotrophins and hence the inhibitory effect on cyclicity as has been recorded in cattle in
earl ier investigations.

Estrogens

After parturition the plasma estradio1-176 concentrations decline steeply during the first 24-72 h
(Arora & Pandey 1982; Pahwa & Pandey 1983; Prakash& Madan 1984a). Circulating estradio1-176
concentrations were basal between days 2 and 7 after calving (Prakash & Madan 1986; Arya &
Madan 2001b) and continued to stay low until 45 days postpartum (Madan et al. 1984). These
observations are also indicative of delayed follicular development postpartum in this species.

Reproductive Technologies for augmenting buffalo reproduction

Over the years, arrays of options have been studied for the reproductive management of buffaloes.
Such management systems are now being fine-tuned with the aim of increasing pregnancy rates
and thereby increasing the overall reproductive efficiency among buffaloes. Endocrine techniques,
like estrusdetection, estrus synchronization, pregnancy diagnosis, induction of parturition, corpus
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luteum control et cetera, have been found useful for augmenting fertility. Second generation
strategies aimed at maximizing genetic improvement are also being introduced; for example,
assessmentof spermatozoa quality through fertilization capacity, sexing spermatozoa, synchroni-
zation and fixed time insemination, superovulation (SO), embryo transfer (ET)and in vitro embryo

production (IVEP). Reproductive technologies are also credited with controlling the incidence of
reproductive diseaseswhen the procedures and protocols are accurately followed.

Augmentation of growth for early puberty in buffaloes

Growth hormone (GH) has been long recognized as a potent regulator of an animal's growth
however repeated direct administration of exogenous GH for increasing growth has met with
limited successdue to negative feed back mechanism mediated by IGF-I (Berelowitz et al. 1981).
As a better alternative, growth hormone releasing factor (GRF), also called Somatoliberin, which
controls the expression of GH in more physiological context, has been reported as a better poten-
tial growth promoter in cattle (Lapierre et al. 1992; Moseley et al. 1987; Sejrsen et al. 1996). In
recent studies the effectiveness of repeated exogenous GRF administrations was proved with
respect to a sustained release of GH along with the growth promotion in growing buffalo calves
during a long course of treatment and led to the hypothesis that repeated GRF administration had
the potential for inducing early onset of puberty in buffalo species (Mondal & Prakash 2005).
Subsequently, the successful application of GRFadministration for advancing puberty in buffaloes
has been demonstrated (Haldar & Prakash2006).

Augmentation of fertility through progesterone monitoring

Monitoring changing concentrations of progesterone in blood plasma or milk provides an objective
evaluation of ovarian activity. Concentration changes in samples collected twice weekly provide
a very convenient indicator of buffalo Iuteal activity (Gupta & Prakash 1990; KauI et al. 1993). The
sequential monitoring of progesterone can be used to detect ovulation, estimate the proportion of
cycling females in a group, determine whether inseminations have been correctly performed and
diagnose and treat reproductive disorders (Kamboj & Prakash1993; Kaul eta/. 1993; Kaul & Prakash
1994a). Another important use of progesterone determination in blood plasma or milk is in terms
of early (around days 22-24 post insemination in buffaloes) pregnancy and non-pregnancy diagno-
sis for which the test is about 75% and 100% accurate, respectively (Gupta & Prakash 1990; KauI
& Prakash 1994b).

The tremendous utility of progesterone assayshas evolved considerable interest in simplifying
the assaying procedure. A simple radioimmunoassay (RIA) method for progesterone estimation,
which is completed in a few hours, has been developed and requires no prior extraction of the
samples as was previously required (Prakash & Madan 1986; Kamboj & Prakash 1993; Gupta &
Prakash 1993). This new assayhas been further refined by the use of a highly sensitive and specific
antiserum (Prakash & Madan 2001). Quantitative enzyme-immunoassays (HA) for estimating the
hormone in blood plasma and milk of buffaloes have also been developed (Prakash et al. 1990;
1992a). The EIA technique is advantageous in situations where facilities do not exist for radioiso-
tope handling.

Pregnancy confirmation through estrone sulphate determination

Estrone sulphate has been found to be quantitatively one of the major estrogens in the blood
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plasma and milk of pregnant and lactating cows and buffaloes. During the first half of pregnancy its
concentrations increase gradually so that after 100 days of pregnancy it is present in all milk
samples taken from pregnant cows and buffaloes, whereas it is low or undetectable in non-preg-
nant animals (Hung & Prakash 1990; Prakash& Madan 1993). Measurement of estrone sulphate in
milk on a routine basis could serve as a viable test for pregnancy confirmation and hence also the
detection of the presence of mummified fetuses (Prakash & Madan 1994).

Estrus synch ron ization

Various methods to induce the regression of the CL and the induction of estrus in buffaloes have
been developed but are beset with their own advantages and disadvantages. The effectiveness of
all these protocols is dependent upon the precision of estrus detection and knowing the time of
ovulation after synchronization (Singh et al. 2000). Several methods of estrus synchronization
using progestogens, PGF2aand the combination of both are available (Macmillan & Burke 1996).
The use of two PGF2ainjections at an interval of 11 to 14 days is the most popular technique for
estrus synchronization in buffaloes. However, the behavioural signs of estrus expressed after a
synchronized estrus are much weaker than those expressed after a spontaneous estrus making
estrus detection more difficult. A new estrus synchronization protocol in cattle, called Ovsynch,
has been developed: it makes use of a combination of GnRH-PGF2a-GnRH injections (Pursley et
al. 1995). The efficacy of using this estrussynchronization protocol in Murrah buffaloes in tropical
conditions has been examined (Paul & Prakash 2005). The conception rates obtained after fixed
time Al using the Ovsynch protocol were similar to those obtained from buffaloes inseminated at
observed heat. The authors have also compared their results using the Ovsynch protocol with the
two injections of PGF2aprotocol for synchronization (V Paul & BS Prakash, unpublished data:
Tables 1 and 2).

Table 1. Conception rates of buffaloes inseminated after spontaneous estrus and induced estrus using two


different protocols for the synchronization of estrus (V Paul & BS Prakash, unpublished data)

Treatment Number of buffaloes

InseminatedPregnant

Conception rate (%)

Spontaneous estrus





(Control group) 75 23 30.7

Ovsynch





(GnRH- PGF„-GnRH) 15 5 33.3

Two injections of PGF2 15 4 26.7

Table 2. Analysis of efficacy of estrus synchronization and timed artificial insemination (V Paul & BS Prakash,


unpublished data)

Treatment Number of Number of estruses Total number Number of Oo

estrusesobserved unobserved of estruses animals conceived Conception

Control

Ovsynch

Two injections of PGF2c,

75


15


15

25' 100


15


15

23


5


4

23.0


33.3


26.7

*During this period of study the incidence of silent estrus in the buffalo herd of the National Dairy Research

Institute (NDRI) was reported to be 25% (Prakash 2002)

** Timed artificial insemination was performed 24 h after the second GnRH treatment for Ovsynch group; and

72 and 96 h after second PGF2c, injection for the two injections of PGF2c, group.
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Prolactin inhibition in repeat breeding buffalo heifers in the summer

A study was undertaken to investigate the efficacy of the Ovsynch protocol for estrus synchro-
nization with or without anti-prolactin (Norprolac) administration in repeat breeding Murrah
buffalo heifers following timed artificial insemination during the summer season (KS Roy & BS
Prakash, unpublished data). A dose of 10 mg Norprolac administered intramuscularly resulted
in prolactin suppression. Plasma progesterone profiles indicated that a high percentage (36 to
45%) of repeat breeding buffalo heifers became acyclic during the peak summer months. The
Ovsynch protocol without prolactin inhibition was beneficial in terms of reducing the inci-
dence of anestrus from 45% before treatment to only 18% after treatment. Norprolac induced
prolactin suppression improved the efficiency of the Ovsynch treatment as there was no inci-
dence of acyclicity post-treatment compared to 36% acyclicity before treatment. The Ovsynch
protocol plus Norprolac treatment induced more estrus symptoms per animal than the Ovsynch
protocol alone (3.7 vs. 2.5).

Parturition induction

Synthetic glucocorticoid, namely dexamethasone, has been successfully used to induce partu-
rition in buffaloes (Prakash & Madan 1985b). Inducing parturition in buffaloes is useful in
clinical cases of uterine prolapse, which is often seen in this species, and other cases of mater-
nal ill health (such as, limb fractures, pericarditis, reticulitis, hydroamnios and hydroallantois)
as well as a potential management tool for synchronizing parturition. It can also be useful in
terminating prolonged gestations. Parturition induction in buffaloes may however result in
placental retention (Prakash & Madan 1986).

Recombinant cytokines and their potential application in the maintenance of pregnancy

In a recent study, recombinant interferon alpha administration on days 14 to 16 of the buffalo
estrous cycle not only prolonged the length of the estrous cycle but also significantly reduced
the oxytocin-stimulated increase in plasma PGFM concentrations normally detected on day 17
of the cycle (DP Mishra & BS Prakash, unpublished data). These results suggested that inter-
feron alpha may indeed be a signal for the maternal recognition of pregnancy in buffaloes as has
already been demonstrated in cattle by earlier workers. The authors went on to demonstrate an
improvement in fertility (60% conception rates) in buffaloes treated with recombinant inter-
feron (16 mg/day on days 14 to 16: the dose was divided between morning and evening
adminstrations) post Al (the normal conception rate in the herd around the same time was
35%).

Assessment of semen quality and artificial insemination

The most important and early technology that has helped in the improvement of buffalo repro-
ductive efficiency has been the processing and evaluation of semen for national Al programs.
Unfortunately the desired impact in animal improvement schemes has remained wanting be-
cause both the fertility and conception rates in field programs are very low. Most of the semen
banks use only spermatozoa motility as a criterion for semen evaluation despite considerable
advances in semen evaluation processes. There is also considerable information available re-
garding the processing, storage and thawing of buffalo semen (Sansone et al. 2000) however
the processing and handling procedures of many semen processing laboratories and banks leave
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much to be desired. The ultimate fertility/conception rate results obtained in Al programs often
suffer from this acute inadequacy.

Embryo transfer

Multiple ovulation and embryo transfer (MOET) is one of the major reproductive technologies
that facilitates the genetic improvement of the bovine. Unfortunately, high variability in the
ovarian follicular response to gonadotrophin stimulation continues to be the major problem in
commercial MOET programs. MOET, that takes Al one-step further, both in terms of genetic
gains possible and the level of technical capacity and organization required, is one of the basic
technologies required for the application of more advanced reproductive biotechnologies; such
as, cloning and the generation of transgenics.

The response to superovulation treatments in zebu cattle and buffaloes is considerably in-
consistent compared to results obtained in Bos taurus (Barros & Nogueira 2001). However, it is
important to note that the average number of transferable embryos produced by zebu donors
has improved in the last 10-15 years: ranging from 2.4 to 5.8 embryos per flush in the late
1980s to 5.6 to 9.9 transferable embryos in 2000 (Barros & Nogueira 2001). The application of
ET technology in buffalo has had limited success (Singla et al. 1996; Misra et al. 1999). The
low embryo production is thought to be due to several reasons: the inherently low reproductive
efficiency of buffalo (Singh et al. 2000); their poor superovulatory response (Madan et al.
1996); and a very low primordial follicle population combined with a higher incidence of
atresia (Manik et al. 2002). Poor superovulatory responses in buffaloes were also due to the
failure to respond optimally to the Lutalyse treatment used for estrus induction (Prakash et al.
1992a;b). It has also been hypothesized that ova trapping by the fimbriae of the fallopian tubes
may not be as efficient in this species, especially following superovulation. Over the years
numerous trials in buffalo using various types of hormonal treatments for induction of superovu-
Iation have resulted in highly variable responses with a mean recovery of around 2 transferable
embryos per flush (Madan et al. 1996). However, in subsequent studies Misra et al. (1999)
found better superovulatory responses using Folltropin with a viable embryo recovery of 2.8.
Following the transfer of embryos to recipients, the conception rates are very low (16%: Singl a
et al. 1996). Since the introduction of embryo transfer technology in buffaloes in India, more
than 186 calves have been produced (Misra et al. 2005).

In vitro production of embryos

Since the birth of the first buffalo calf from an IVF oocyte (Madan et al. 1991), there have been
a number of publications on in vitro embryo production systems describing the effects of differ-
ent protocols and medium conditions on buffalo oocyte and embryo development. Two exten-
sive reviews have been published recently (Gasparrini 2002; Nandi et al. 2002). However,
practical use of IVF is limited due to the high production costs and lower overall efficiency
under field conditions. The high rates of oocyte maturation (70 to 90%), fertilization (60 to
70%) and cleavage (40 to 50%) in contrast to the moderate to low rates of blastocyst formation
(15 to 30°/a) and calf production (10.5%) have been reviewed (Nandi et al. 2002). Viable
buffalo blastocysts can be produced from abattoir ovaries (Madan et al. 1994a;b) but the rate of
transferable embryos remains low (15 to 39%: Chauhan et al. 1997; 1998; 1999; Nandi et al.
1998; 2002). In vitro produced embryos have been successfully used for producing pregnancies
and live calves in buffalo (Madan et al. 1994b; Chauhan et al. 1997) but the success rates in
terms of yield of transferable embryos and number of calves born has been low.
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Ovum pickup (OPU) and in vitro embryo production (IVEP) has been successfully applied to
buffaloes even though the efficiency is low in terms of the number of punctured follicles (Galli
et al. 2001; Manik et al. 2002). The use of OPU and IVEP may represent a valid approach to
speed up genetic improvement by decreasing the generation interval. Repeated OPU tech-
niques yield a large number of meiotically competent oocytes from individual donors, which
can then be used for IVEP programs. It has been demonstrated that OPU is competitive with
superovulation because it can yield more transferable embryos per donor on a monthly basis
(2.0 vs. 0.6: Gasparrini 2002). It has been estimated that a selection scheme based on OPU and
IVEP if applied in a closed nucleus of farms will decrease the generation interval from 6.28 to
3.25 yrs compared when progeny testing is used. In fact, the use of OPU combined with IVEP,

allows the selection of young bulls on the basis of half and full sibling's milk production rather
than their daughters.

The application of nuclear transfer procedures (Singla et al. 1997) also holds the potential for
producing large numbers of identical offspring (cloning): a technology which can be used for
the multiplication of genotypes of superior economic value. The technology of embryo sexing
and the production of buffalo calves of pre-determined sex has also been achieved (Appa Rao et
al. 1993).

On account of the low milk production and considerable variability in the genetic potential
of buffaloes, the technique of embryo transfer has been exploited for practical application by
utilizing the female population as surrogate mothers for the production of high yielding calves.
Embryo cryopreservation and the easy transport of cryopreserved embryos have already proved
useful under field conditions to obtain large numbers of progeny from young high yielding
donors. This procedure has greater relevance in buffaloes, since high potential progeny tested
bulls are not available in large numbers asthey are in cattle. The technique of in vitro fertiliza-
tion also holds great promise in harvesting the ova from high producing buffaloes which are
transported to metropolitan cities to supply milk and then subsequently lost as they are slaugh-
tered after lactation. Realizing the full potential of the practical application of these technolo-
gies, particularly the techniques of nuclear transfer and embryo sexing, will be difficult be-
cause of the high costs involved.

Conclusions

This review provides a comprehensive account of the information available on buffalo endocri-
nology during different physiological states associated with reproduction, along with the endo-
crine techniques and potential technologies for augmentation of reproduction. An important
research objective is to produce recombinant buffalo gonadotrophins: these may improve the
consistency of the responses to superovu Iatory treatment, an extremely important requirement
for the greater success and practical application of embryo transfer in this species. Research
efforts also need to be intensified in understanding the mechanism(s) that regulate the expres-
sion of estrus in buffaloes; including further investigations into the molecular endocrinology of
the ovarian follicle, follicular recruitment, atresia and follicular dominance. Understanding all
these aspects are essential for unraveling the causes for silent heat in this species. Understand-
ing the causes of early embryonic mortality, particularly the specific genes involved at the
level of the ovum/embryo-uterine interaction, are potentially critical approaches for fertility
augmentation. The positive correlation obtained between plasma prolactin concentrations and
the delay in the postpartum commencement of cyclicity in buffalo needs further investigation.
The control of prolactin secretion could hold the key for reducing the postpartum interval to
first estrus in the species. Although, a number of biotechniques have been developed for the
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improvement in reproductive efficiency of the buffalo, these have to be adopted at the field
level in a big way if they are to make an impact towards increasing milk production from this
species.
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