
Detailed reproductive pattern and associated endocrine characteristics have been documented in only a
few species of order Chiroptera. The aim of the present study was to examine the changes in body weight,
serum insulin, leptin, androstenedione and luteinizing hormone (LH) concentrations during annual ovar-
ian cycle in the sheath-tailed bat, Taphozous longimanus. Bats were sampled over three years. Leptin, a
satiety hormone produced primarily by adipose tissue, provides information to feeding center of the brain
about nutritional status, fat mass, appetite and energy expenditure. The circulating concentration of lep-
tin begins to increase from October and attains a peak in December. The peak serum leptin concentration
coincides with body weight in November before winter dormancy in December. The serum leptin levels
dissociate from body weight during December. The other peaks of serum leptin levels coincide with late
stages of the two successive pregnancies. The serum insulin concentration begins to increase from
September and attains a peak during December. The insulin concentration remains low from January to
August. The circulating androstenedione concentration begins to increase in October, reaching a peak in
December. This increase in androstenedione concentration correlated with the period of heavy accumu-
lation of abdominal fat and increase in body weight. There was a sharp decline in androstenedione con-
centration and body weight in January. The serum LH shows peaks, in November, coinciding with the
peaked body weight, the other peaks in January and May, coinciding with ovulation for the two succes-
sive pregnancies. The high leptin and insulin levels might be responsible for the maintenance of repro-
ductive response and gonadal function during adverse environmental condition in the winter, while high
androstenedione, and associated body weight along with LH might be responsible for maintaining basal
gonadal function. We conclude that high leptin, androstenedione and insulin serve, as signal for the
reproductive functions in that sufficient body fat are available to meet the caloric demands and maintain
normal function during adverse winter conditions.
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INTRODUCTION

In mammals, fertility requires adequate nutrition and reserve of metabolic storage
[39]. These reserves are utilized to survive during the periods of reduced food avail-
ability in adverse environmental conditions. Some mammals including bats are
exposed to adverse environmental stress during winter in temperate zones and use
hibernation as a chief strategy to reduce metabolism and conserve energy. This strat-
egy ensures shift of reproductive functions from a time of the year that is unsuitable
for parturition to a suitable time of the year. The unique reproductive features in bats
such as ovulation, follicular growth, implantation and development, all delayed phe-
nomenon, have been reviewed from time to time [15, 23, 32, 36]. The circulating
gonadal hormones of several bat species were reported [23, 26].

Leptin, a recently discovered satiety hormone [3, 42], produced primarily by adi-
pose tissue [4] has been identified as a modulator of feeding behavior and fat storage
[12]. Leptin concentration in the blood normally correlates with body adiposity [12,
14] and decreases in association with weight loss due to food restriction. High circu-
lating levels of leptin, however, should decrease food intake and increase energy
expenditure, preventing the increase in body mass and adiposity. In a recent study in
the female temperate-zone bat, Myotis lucifugus, it was reported that hibernation
might be achieved partly by removing the metabolic signal of leptin during the fat-
tening period of prehibernation [27]. Leptin signals the feeding center of the brain
about nutritional status, fat weight, appetite and energy expenditure [2, 10]. Leptin
also serves as a link between adipose tissue and the reproductive system to supply
and regulate energy needs for normal reproduction and pregnancy [8]. Leptin may
also serve as a trigger for the initiation of sexual maturation [10, 40]. Lindheim et al.
[30] suggested that leptin influences follicular growth and maturation. The increase
in leptin concentration might also be associated in the restart or maintenance of ovar-
ian cyclicity in Lusitano mares [19]. The metabolic hormone insulin is also one of
the obvious candidates [34] for communicating nutritional status to central pathways.

Insulin action on peripheral tissues is well established, and plasma insulin also
apparently serves as a signal of body fat storage to central nervous system [34].
Androstenedione is reported to be very high during the period of delayed ovulation
and correlates with increased body weight in other tropical bat species [1]. It has been
also reported that in obese women increased androstenedione production and high
calorie intake may be responsible for upper body fat deposition [6]. Thus both leptin
and insulin have been linked along with the androstenedione to the development and
maintenance of obesity in laboratory rodents [2, 24].

The present study was undertaken in the Indian sheath-tailed bat, Taphozous longi-
manus. It is a small, insectivorous bat (20–35 gm body weight) and is distributed
throughout the Old World. The T. longimanus enters into winter dormancy from mid-
December to mid-January. During an earlier investigation on T. longimanus [37], we
noticed an increase in body weight before winter dormancy similar to changed body
weight in temperate-zone bats. The reproductive functions were found to decline dur-
ing the period of winter dormancy. The serum leptin, insulin, androstenedione levels



and LH concentration and its relationship to ovarian function, body weight and envi-
ronmental stress are far from understood in any tropical bats species. Therefore, the
aim of the present study was to examine the changes in body weight, serum leptin,
LH, androstenedione and insulin concentrations during the annual ovarian cycle in
the female Indian sheath-tailed bat, T. longimanus. The present study also investi-
gates the possible mechanism of how leptin concentration along-with body weight,
insulin, LH and androstenedione maintain basal reproductive functions during
adverse winter conditions.

MATERIALS AND METHODS

Collection of animals

All experiments were conducted in accordance with the principles and procedures
approved by the Departmental Research Committee at Banaras Hindu University,
Varanasi, India. All bats were trapped alive at the University campus and at an adja-
cent area near Varanasi (25 °N, 83 °E). Bats were available in a reasonable number
throughout the year in this area. The bats (n = 6) were captured during the first week
of every calendar month each year beginning from June 2002 until May 2005 over
three year periods. As soon as bats arrived at the laboratory, they were kept in big
wooden cages to minimize stress with water provided ad lib. Body weights of the
bats were recorded immediately thereafter. Bats were anesthetized with diethyl ether
before they were decapitated and their blood was collected. Serum was separated and
stored at –20 °C until it was assayed. Since no significant differences were found in
reproductive cycle, ovarian cycle and body weight between individual groups over
the three-year study the data were pooled. The assay was performed every six months
for other steroid hormones except leptin, which was performed annually. Based on
the reproductive cycle of T. longimanus and the ovarian microstructure, females were
classified in the five categories already described [25].

The climate of Varanasi is subtropical and the cold season lasts from November to
February, with extremely cold conditions during mid-December to January (mean
low 4 ± 2 °C and mean high 16 ± 4 °C). During this period, the insect population is
reduced compared to the other months of the year. These changes are similar to
inducing fattening before hibernation for temperate-zone bats. During this period,
bats exhibit hypothermia with an anal temperature lower than in other periods of the
year and with animals that stopped foraging.

Steroid assays

Circulating concentrations of androstenedione were measured by radioimmunoassay
as described previously [37]. The androstenedione antibody was kindly provided by
Dr. John Resko (Oregon Health Science University, Portland OR, USA). Radioactive
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androstenedione was purchased from Amersham (Bucks, United Kingdom). Serum
samples for androstenedione (25 μl) were diluted to 1 ml with distilled water and
extracted twice with 2 ml of anhydrous diethyl ether. The aqueous phase was frozen;
the organic (solvent) phase was removed and dehydrated. Antibody-bound steroids
were separated from free steroids by addition of 500 μl of dextran-coated charcoal,
vortexes with centrifugation at 1700× g. The 500 μl of supernatant was then mixed
with 5 ml of scintillation cocktail and counted in LKB Wallace Liquid Scintillation
counter. Androstenedione antibodies used in the present study were highly specific
and show only limited (<1%) cross reactivity with other androgens. Procedural loss-
es were determined by monitoring the recovery of labeled. Androstenedione added
to serum samples from 10 specimens before extraction. The average recovery ratio
was 94.2%. The inter- and intra-assay coefficients of variations were 9.6% and 7.8%,
respectively.

Leptin assay

Serum leptin levels were determined using a kit supplied by Biosource International
(Camarillo, California) by ELISA. In brief, in each well 100 μl of (1 : 50) diluted
serum sample, standard and control were added. After serum samples and standards
were added wells were covered with the micro-plates and incubated for 2 h at room
temperature. After washing in the assay buffer, 100 μl of streptavidin-HRP working
solution was added and incubated for 30 minutes at room temperature. After wash-
ing with buffer, 100 μl of stabilized chromogen solution was added and incubated for
30 minutes at room temperature. The reaction was stopped after 30 minutes incuba-
tion by adding 100 μl of stopping solution. The plates were then read at 450 nm. It
has been our experience that chiropteran peptide hormones shows greatest cross reac-
tivity with antibodies generated against human peptides than for the peptides of other
species [35]. This has also been reported for other species of bats [27]. The recovery
of exogenous human leptin in bat serum was 96.4%. The inter- and intra-assay coef-
ficients of variation for the leptin assay were 9.4% and 6.3%, respectively.

Serum insulin assay

The circulating concentration of insulin was measured by radioimmunoassay using a
human kit (RIAK-1) obtained from Bhabha Atomic Research Center Mumbai, India.
The human insulin kit was validated in another bat species [26]. In brief, 100 μl
serum samples were added to 300 μl of assay buffer and 100 μl of insulin antiserum
(guinea pig-antihuman). Tubes were kept overnight at 4 °C after gentle mixing. One
hundred μl of Insulin-125 was added to all the tubes next morning, shaken gently and
incubated for 3 hours at room temperature. Then 100 μl of a second antibody (anti-
guinea pig IgG) and 100 μl of polyethylene glycol solution was added to all the tubes



except in total counts tubes. The tubes were then vortexes and kept at room temper-
ature for 20 minutes and were centrifuged at 1500 g for 20 minutes. The supernatant
was discarded carefully without disturbing the precipitate. Counts per minute (CPM)
were recorded for all duplicate tubes in Beckman Gamma Counter. Standard (7.5
μU/ml to 200 μU/ml), zero standard and the blank tubes were also processed along
with samples. The inter- and intra-assay coefficient of variation for insulin was
10.4% and 8.6%, respectively.

Serum LH assay

LH RIA kit was purchased from Bhabha Atomic Research Centre, Mumbai, India.
Serum sample and standards (100 μl) were diluted with (200 μl) assay buffer and
(100 μl) of human LH antiserum and (100 μl) of I-125 labeled hLH was added to
each tube. The tubes were incubated at 37 °C for 2 hours. The bound and unbound
fractions were separated by adding polyethylene glycol to each tube and centrifuged
at 1500 g. The radioactivity in the precipitate was counted in a Beckman Gamma
counter. Concentration of LH was deduced from the standard curve. All the tubes of
LH in six months sample were assayed together. The inter- and intra-assay variation
was 10.2 % and 7.6%, respectively.

Statistical analysis

Data are presented as means ±SEM. Body weight, androstenedione, LH, insulin and
leptin levels were analyzed initially by one-way ANOVA with repeated measures
over time followed by the Neuman-Keuls test for multiple comparisons. The rela-
tionship between body weights and hormones were analyzed by Spearman’s correla-
tion tests. The same test was used to assess the relationship between body weight and
leptin, and between leptin and insulin and androstenedione. Differences were con-
sidered significant at P < 0.05.

RESULTS

Body weight and fat deposition

An increase in body weight was observed from October to reach a peak in November
and a decline thereafter during winter dormancy in December (Fig. 1). The body
weight reached a basal level during late winter in January. The changes in body
weight of the female bats are mainly related to seasonal fat deposition and during two
successive pregnancies due to fetal weight. Subcutaneous deposition of fat was main-
ly observed in the neck, shoulder and abdominal regions of the body. The fat accu-

Hormonal changes in Taphozous ovarian cycle 5

Acta Biologica Hungarica 59, 2008



6 U. P. SINGH et al.

Acta Biologica Hungarica 59, 2008

mulation was extensive before winter dormancy in November, which also coincides
with maximum body weight. The accumulated fat was completely utilized by mid-
January.

Changes in serum leptin and androstenedione levels

Seasonal changes in serum leptin and androstenedione concentrations are shown in
(Fig. 2). Androstenedione exhibited a peak, in December. The peak of serum
androstenedione coincided with the seasonal peak of body weight till November
before winter dormancy. A significant decline in serum androstenedione concentra-
tion was observed prior to ovulation in January and concentrations remained low dur-
ing other months of the year. Serum androstenedione concentrations were correlated
with body weight (r = 0.56; P < 0.05; Fig. 3). Serum leptin exhibited three peaks in
December, April and July. The first peak of serum leptin correlates with the peak of
body weight in November, prior to winter dormancy in December. A significant
decline in serum leptin was observed during winter dormancy. The second and third
peak of serum leptin levels coincides with late stage of two successive pregnancies
during April and July. The leptin level remains low during lactation in both the preg-
nancies. A weak correlation was observed between serum leptin and body weight

Fig. 1. Seasonal changes in body mass of Taphozous longimanus. Values are mean ±SE (n = 6). Note
the body weight in November, April and July vs. other months of the year (P < 0.001)
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Fig. 2. Seasonal changes in serum leptin and androstenedione levels in Taphozous longimanus. Values
are mean ±SE (n = 6). Note Leptin in November, April and July vs. other months of the year (P < 0.001),

androstenedione in December vs. other months of the year (P < 0.001)

Fig. 3. Correlation between body mass and serum androstenedione concentrations in Taphozous longi-
manus. Each point represents a mean from six animals in each calendar month each year. Body weight

and serum androstenedione concentrations were positively correlated (r = 0.56; P < 0.05)
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Fig. 4. Correlation between body mass and serum leptin concentrations in Taphozous longimanus. Each
point represents a measurement of mean from six animals in each calendar month each year. Body weight

and serum leptin levels were positively correlated (r = 0.30; P < 0.05)

Fig. 5. Correlation between serum androstenedione and serum leptin concentrations in Taphozous longi-
manus. Each point represents a measurement of mean from six animals in each calendar month each year.

Serum androstenedione and serum leptin levels were positively correlated (r = 0.66; P < 0.001)
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Fig. 6. Seasonal changes in serum insulin and serum LH levels in Taphozous longimanus. Values are
mean ±SE (n = 6). Note insulin in December vs. other months of the year (P < 0.001), LH in November,

January, May vs. other months of the year (P < 0.001)

Fig. 7. Correlation between serum insulin and body mass in Taphozous longimanus. Each point repre-
sents a measurement of mean from six animals in each calendar month each year. The data show a

positive correlation between serum insulin and body weight (r = 0.56; P < 0.05)
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(r = 0.30; P < 0.05; Fig. 4). Serum leptin and androstenedione concentrations were
correlated with each other (r = 0.66; P < 0.05; Fig. 5).

Changes in serum LH levels

The LH concentration began to increase from October and reached a short peak dur-
ing November. The serum LH concentrations peaked during January, May and these
were correlated with peaks of ovarian activity and ovulation for the two successive
pregnancies (Fig. 6). Serum LH was low during quiescence, post-breeding period
and other periods of the year. This decline in serum LH concentrations coincided
with a decline in ovarian activity. Serum LH concentrations showed no correlation
with leptin levels in the entire reproductive cycle (r = 0.077).

Changes in serum insulin levels

Serum insulin concentration varied significantly during the reproductive cycle
(Fig. 6). Insulin concentration begins to increase from October peaking in December
during winter dormancy. Concentration of insulin declines significantly during late
winter at the time prior to ovulation in January. However, levels of insulin declined

Fig. 8. Correlation between serum leptin and serum insulin in Taphozous longimanus. Each point repre-
sents a measurement of mean from six animals in each calendar month each year. The data show a

positive correlation between serum leptin and serum insulin (r = 0.72; P < 0.05)



sharply (P < 0.001) during other months of the year and during post-breeding and
pregnancy. The positive correlation was observed between serum insulin and body
weight (r = 0.56; P < 0.001; Fig. 7), with leptin (r = 0.72; P < 0.001; Fig. 8), with
androstenedione concentrations (r = 0.96; P < 0.05; Fig. 9).

DISCUSSION

The regulatory mechanisms that determine seasonal adiposity in mammals are
presently unclear. The results of this study demonstrate a relationship between the
serum insulin, androstenedione, leptin, LH levels and body weight in the tropical bat,
T. longimanus. High serum leptin, insulin, and androstenedione concentration corre-
lates with peak body weight before winter dormancy. The body weight and
androstenedione concentrations decline before ovulation in January. Leptin showed
three peaks, one during December, and other two during late stage of the two suc-
cessive pregnancies. In December, the leptin concentration changes differently from
body weight, which is consistent with report from another bat species Myotis lucifu-
gus, in which peak leptin levels dissociated when adiposity was peaked before hiber-
nation [27]. The LH shows three peaks, one in November coinciding with active fol-
licular growth, and the other two in January and May coinciding with ovulation for
two pregnancies. These observations suggest that leptin along with insulin and
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Fig. 9. Correlation between serum insulin and serum androstenedione concentrations in Taphozous longi-
manus. Each point represents a measurement of mean from six animals in each calendar month each year.
The data show a positive correlation between serum androstenedione and serum insulin concentrations

(r = 0.96; P < 0.05)
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androstenedione might play an important role in seasonal accumulation of body fat
and mediate reproductive activity in T. longimanus.

The fat deposition is characteristic of hibernating bats [33]. Only a few bat species
from tropics exhibit variation in body weight associated with body fat [1, 37]. The
changes in body weight due to accumulation of fat in upper body segment is gener-
ally known to be associated with increased serum androgens, insulin and insulin-like-
growth factor-I concentrations [1, 16, 26, 37]. In T. longimanus, an increase in the
body weight due to accumulation of fat in November, prior to winter dormancy, may
be responsible for peaks in androstenedione and leptin concentrations (Fig. 2). Leptin
levels declined during winter in January at the time of declining reproductive activi-
ty. The present study is in agreement with other reports from seasonal animals such
as mares and Siberian hamsters [17, 20]. However, the present study did not permit
a direct evaluation of the critical level of leptin required for maintenance of normal
reproductive function during winter dormancy or the amount of leptin required for
reestablishment of reproductive activity in late January, because mating occurs dur-
ing this period when leptin levels were on the decline. However, the decreased lep-
tin level during late winter may reflect changes in energy availability and depletion
of stored fat that may result in a loss of permissive signals to the hypothalamus,
which in turn retards reproductive activity. Our results support well the findings of
Barash et al. [5], that changes in ovarian activity might be mediated by an increase
in serum leptin concentration and body weight gain.

The recent findings that leptin is a hormone produced by ob/ob gene [42] spawned
great interest in the physiology of leptin. Several studies have suggested that leptin
is involved in the modulation of reproductive function [5, 11]. In addition, numerous
reports suggest that leptin is an important regulator of reproductive function and pro-
vides a signaling link between nutritional status and reproduction. It has been report-
ed that in ob/ob mice leptin administration directly effects the gonads, with an
increase in the weight of reproductive organs in both males and females and an
increase in number of primordial, primary and Graffian follicles [5]. It is also known
that leptin receptors are localized in the ovaries [29] and they play a role in follicu-
lar growth and maturation [30]. The data from the present study (Figs 1 and 2) sug-
gest that leptin plays an important role in maintaining body weight. In this species,
increase in body weight due to accumulation of fat was associated with increasing
circulating concentrations of leptin during November supporting the widely held
view that leptin concentrations reflect body fat weight [10, 12, 14, 20]. The other
peaks of leptin are closely associated with late stage of two successive pregnancies
in this species. A similar increase in leptin during late stage of pregnancy has been
reported in other bat species [41] and in pregnant women [9, 31]. In the present study
weak correlation with body weight and serum leptin were noticed (Fig. 4). This is
also consistent with non-adipose source of leptin, and corroborates the previous find-
ing [9, 41]. 

The circulating insulin levels parallel the body weight during the period of weight
gain, with peak level occurring at the time of the maximum body weight and fat con-
tent prior to hibernation [18, 21]. The increase in insulin levels during period of body



weight has also been shown to be associated with insulin resistance in peripheral tis-
sue [21, 38]. This has also been reported in the human female [28]. Similarly, sea-
sonal changes in body weight of T. longimanus have been shown to be associated
with increase in insulin levels (Fig. 6). The body weight increase has been shown to
positively correlate with increased insulin production [13]. The highest concentration
of insulin was observed during winter dormancy; sometimes later the highest body
weight was observed in November. In another report from the male bat, S. heathi
Krishna et al. [26] showed close association of body weight and insulin levels. The
present study also shows high correlation of insulin with body weight prior to winter
dormancy. The serum insulin level peaks during winter dormancy closely coincide
with decline in reproductive function in this species. This might be true for the
female, because high insulin might be regulated by androstenedione and or leptin but
not by body fat during this period. It has been reported that insulin regulates body fat
directly affecting the regulatory centers in the brain that control food intake [34]. It
may also be possible that brain centers might recognize high leptin and insulin, and
body requires a lot of energy to regulate reproductive functions during this period.
The other possibility of high insulin levels may be due to active metabolism during
this period. This might be the reason for decline in fat weight, and androstenedione
concentration during later part of winter, which is important for ovulation in this
species.

The information about LH hormone changes in bats is mostly lacking. So far such
observations are available for the long-fingered bat, Miniopterus schreibersii [7].
The disadvantage of the bat model system is that homologous assays are not yet
available. Chiropteran hormones are most readily detectable with human based RIA
and immunocytochemistry [27, 35]. Three peaks of serum LH were noticed in the
present study (Fig. 6). The peaks in January and May closely coincide with ovulation
for the two successive pregnancies in this species. The first peak in November coin-
cides with peak in body weight and active follicular growth. The result in the present
study supports a similar increase in LH at the time of follicular growth and peak
before ovulation in other bat species [7], and also in mammals in general [22]. The
present findings correlate unusually high androstenedione concentration along with
insulin and leptin just before ovulation and mating. It has been suggested that hyper-
insulenemia could be the primary event responsible for hyperandrogenism in other
bat species [26] and also in other animals [6]. The results in T. longimanus suggest
possibilities, in which hyperandrogenism, hyperinsulenemia and body weight are
interlinked. This has also been reported in recent studies in human patient [28].

Leptin has widespread endocrine and metabolic effects outside the brain and must
include consideration of central versus peripheral effects and nutritional status. The
metabolic signaling must be integrated with other external factors, such as photope-
riod, social stimuli and stress. The importance of endogenous and exogenous factors
depends on the peripheral actions of the hormones. It has been reported that leptin
receptors are co-localized with neuropeptide Y (NPY) and these peptides are report-
ed to be the regulator of LH secretion. Our results provide support for an indirect
action of leptin, which depends on metabolic signal by insulin and androstenedione.
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Our data suggest a pathway, where leptin relays the brain about sufficient nutrition-
al status before winter dormancy to meet the caloric demands during adverse condi-
tion; at the same time insulin and androstenedione levels act as metabolic signals to
maintain basal reproductive function. The leptin also mediates LH secretion that is
required for ovulation during later part of the winter. The results clearly suggest that
leptin plays important role in modulating seasonal reproduction in T. longimanus.

In conclusion, the present study suggests that higher leptin, androstenedione and
insulin concentrations during winter dormancy serve as a metabolic signal to the
reproductive system signaling about the sufficient fat stores to meet caloric demands
of reproduction; and at the same time it also maintains normal reproductive function
during this period. Furthermore, leptin and insulin may be also involved in main-
taining basal reproductive potential in this species, which is very important for ovu-
lation during winter dormancy. It seems that the coincidence of body weight, serum
leptin, insulin and androstenedione might be a part of strategy adopted by this species
to coincide with the time of parturition suitable for the young batlets. The seasonal
changes in adiposity in the bat Taphozous longimanus are interesting and may be
developed as a unique model for reversible regulation of body weight.
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