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Abstract : Various brain areas like the ventromedial hypothalamus (VMH)
are known to influence food intake and body weight. Though obesity is
more common in females, the reports on gender difference in the neural
regulation of energy homeostasis are not adequate. Therefore, the present
study was conducted to assess the gender difference in the effect of VMH
lesion on food intake (FI), body weight (BW), serum lipid profile, thyroid
profile, glucose and insulin levels and glucose-insulin ratio (GIR) in Wistar
albino rats. Twenty-four Wistar albino rats were divided equally into control
and experimental groups with 6 male and 6 female rats in each. In the
experimental group, bilateral electrolytic lesion of VMH was performed by
stereotaxy and post-lesion parameters were recorded. In the control group,
VMH sham lesion was made. Male-female difference in each parameter was
determined. Following VMH lesion, FI was increased (females, P<0.01) and
BW (males, P<0.05) and GIR decreased in males (P<0.001), which was
significantly correlated with BW. T3 was more significantly correlated with
FI and BW in females (P<0.000 and P<0.001). Following VMH lesion, male
rats exhibited significant weight gain in the absence of proportionate
hyperphagia indicating that weight-gain was mainly metabolic in nature.
Also, the male rats developed more susceptibility to insulin resistance. The
female rats developed resistance to weight-gain inspite of hyperphagia,
which could be due to the higher T3 level.
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INTRODUCTION

Current WHO estimate suggests that
over 1 billion people are overweight and over
300 million people are obese (1). Weight

gain is due to an imbalance between energy
expenditure and dietary intake (2). Regulation
of body weight and adiposity is influenced
by various factors such as nutritional,
hereditary, social and environmental and so
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on (3). There are individuals who deposit fat
even though they do not eat much and there
are individuals who do not deposit fat even
though they eat so much. This difference in
adiposity could be due to the individual
variation in regulation of body weight by
central nervous system (4). However, our
knowledge and understanding of neural
regulation of adiposity is far from complete.

Hypothalamic  areas  l ike  lateral
hypothalamus (LH) ,  ventromedial
hypothalamus (VMH), arcuate nucleus (AR)
and extrahypothalamic areas like nucleus
septal medialis (NSM) and ventral medulla
(VM) are known to influence food intake and
body weight (4 ,  5) .  Nuclei  within the
hypothalamus integrate peripheral signals
such as adiposity and calorie intake to
regulate important pathways within the
central nervous system controlling food
intake and energy expenditure. Firmly
established pathways involving orexigenic
neuropeptide Y (NPY) and agouti-related
prote in  (AgRP)  (NPY/AgRP) ;  and the
anorexigenic pro-opiomelanocortin (POMC)
and cocaine and amphetamine-related
transcript (CART), (POMC/CART) neurons
project from the AR to other important
hypothalamic  nucle i ,  inc luding the
paraventricular (PVN), dorsomedial (DMN),
VMH and LH nuclei (2). In addition there
are many projections to and from the
brainstem,  cort ica l  areas  and reward
pathways, which modulate food intake.
Central  c i rcuits  in  the  brain  re ly  on
peripheral signals indicating satiety levels
and energy stores, as well as higher cortical
factors such as emotional  and reward
pathways. The hypothalamus is subdivided
into interconnecting nuclei, including the
arcuate nucleus (AR),  paraventricular
nucleus (PVN), ventromedial nucleus (VMH),

dorsomedial nucleus (DMN) and lateral
hypothalamic area (LH). Neuronal pathways
between these nuclei are organised into a
complex network in which orexigenic and
anorexigenic circuits influence food intake
and energy expenditure (2).

Sympathetic activity is decreased in rats
with ventromedial hypothalamic obesity (6).
Leptin produced in white adipose tissue
activates sympathetic nerve activity via the
VMH (7). Hyperleptinemia is associated with
increased body fat, body mass index, waist-
hip ratio and insulin resistance (8). Free tri-
iodothyronine is positively associated with
insulin secretion and hyper-thyrotropinemia
is relatively common in obese children (9).
A difference exists in the regulation of
feeding behaviour  between males  and
females (10). Also, plasma leptin level differs
in male and female subjects (11). Obesity is
associated with various disorders l ike
hypertension, diabetes, hyperlipidemia and
hypothyroidism.  However ,  the  exact
mechanisms that cause obesity are not
known. Whether VMH directly influence the
feeding behaviour  or  they  a l ter  the
sympathetic activity and thereby alter energy
intake and expenditure, is not clear.

Therefore, in the present study, we
propose to assess the effect of gender on
VMH regulation of food intake and adiposity
in rats correlating with their lipid profile,
thyroid profile and insulin resistance.

MATERIALS AND METHODS

Animals

After obtaining approval of the research
council and animal ethics committee of
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approximately 1.5- 2 ml of blood was collected
by this  method for  obtaining basal
biochemical values after 7 days of basal
recordings of BW and FI.

Cardiac puncture : Approximately 5 ml of
blood was collected with the help of a syringe
and needle by puncturing the left ventricle
during sacrifice before fixation of brain.

Electrolytic nuclear lesion

For making les ion,  the  stereotaxic
procedure was performed as described earlier
(12). Bilateral electrolytic lesions of VMH
were made by introducing electrodes into the
nuclei on both sides and allowing the anodal
current of 0.5 mA to pass through the
electrode. In animals undergoing sham
lesions, all the above-mentioned steps were
followed except that no current was passed.

Parameters

The parameters recorded were :

Physical parameters

i) Body weight (g)

ii) Food intake (g)

Biochemical parameters (Fasting)

i) Serum Glucose (mg/dl)

ii) Serum Insulin (ng/ml)

iii) Glucose-insulin ratio (insulin resistance
was calculated by obtaining the glucose-
insulin ratio) (13).

iv) Serum Total Cholesterol (mg/dl)

v) Serum Triglycerides (mg/dl)

vi) Serum TSH (μlU/ml)

vii) Serum Total T3 (ng/dl)

viii) Serum Total T4 (ng/dl)

JIPMER, a total of 24 (12 males and 12
females) institute-bred healthy adult albino
rats of Wistar strain weighing between 150-
275 g were obtained for the study. Animals
were randomly divided into two groups:
Control group (sham-lesion group) and
Experimental group (VMH-lesioned animals).
The sample size in each group was 12 (6
male and 6 female rats). The rats were
housed in individual plastic cages with wire
lids. 12 hour light-dark cycle was maintained.
Standard rodent chow and fresh tap water
was available ad libitum. Rats were allowed
to habituate in individual cages for 10 days
before basal measurements were taken.

Basal food intake and body weight recordings

After 10 days of habituation, standard
rodent chow and fresh tap water ad libitum
was provided every day. Daily food intake
and body weight was measured for one week
to  determine the mean 24-hour basal
recordings.

Procedures

Anesthesia

Because the depth of anesthesia required
for different procedures was different, the
anesthetic agent used was different for
different procedures. As light anesthesia was
required for blood collection, ether was used
as anesthetic agent. For lesion making, Inj.
Ketamine (0.25 ml/250 gm body weight) was
injected intraperitoneally. For sacrificing the
animal, double the dose of ketamine was
used.

Blood collection

Jugular venous puncture : From control rats
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Sacrifice

Animals were sacrificed following the
standard procedure as described earlier (12).

Statistical analysis of data

For  data  analys is  a l l  values  were
expressed as mean±SD. Differences between
means were compared by Student’s t test.
The di f ferences  among means were
evaluated by one-way ANOVA (analysis of
variance) using Graphpad InStat (Version 3,
USA) software. Post hoc test was performed
by Tukey Krammer multiple comparison
test .  The  d i f ference  was  considered
statistically significant if probability of chance
was less than 0.05 (P<0.05). For determining
the correlation between the parameters
Pearson’s correlation test was used.

RESULTS

Control group

After undergoing sham lesions (Table I),
the control male rats (n=6) did not show any
significant difference in food intake (FI) and
body weight (BW) from the pre- sham values.
Similarly, biochemical parameters like serum
glucose (SG), serum insulin (SI), serum total
cholesterol (TC), serum triglycerides (TG),
serum TSH, serum T3 (ST3) and serum T4
(ST4) also did not show any significant
change from the pre-sham levels. But the
GI ratio was significantly higher after sham
procedure (P<0.0156).

Sham lesion did not significantly affect
the FI, BW and biochemical parameters of
the female control rats (n=6). But in female
rats also the Gl ratio was significantly higher
in the post sham period (P<0.0285) (Table
II).

All these biochemical parameters were
estimated following the standard procedures
as practiced in the clinical laboratory of
department of Biochemistry of JIPMER,
Pondicherry.

Recording of parameters

Body weight  (BW)  :  I t  was  measured
everyday with an e lectronic  weighing
machine for the entire period of the study.

Food intake (FI) : Food intake was measured
daily. After blood collection and lesion/sham
lesion procedure the animals were allowed
to recover from the stress of the intervention
for a period of seven days during which food
intake and body weight was not measured.

Biochemical parameters

Collected blood was allowed to clot and
then centrifuged to separate the serum. 0.5
ml of serum was used for analysis of fasting
serum glucose and serum lipids (serum total
cholesterol and serum triglycerides). The
remaining serum samples were stored at –
80°C in labelled containers for subsequent
analyses of the following parameters :

Serum Insulin (Rat/mouse Insulin ELISA
Kit, Millipore™, USA)

Serum TSH (Rat  TSH ELISA Kit ,
Cusabio™, USA)

Serum Total T3 (Human TT3 RIA Kit,
Immunotech ™, Czech)

Serum Total T4 (Human TT4 RIA Kit,
Immunotech ™, Czech)

Insulin resistance was calculated by
obtaining the glucose-insulin ratio (13).
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difference in SG and SI. However, the
females had a lower Gl ratio than the males
(P<0.001). Similarly, TSH & T4 did not show
any appreciable gender difference. However,
the gender difference in T3 did not exist
following sham lesion. When the lipid profile
was analyzed, it was observed that though
TG levels in the females were significantly
higher (P<0.001) the TC levels did not show
any difference.

Experimental group

Effect of the lesion

After the lesion (Table IV), FI increased
in both the sexes, but it was significant in
females (P<0.01). Both males and females
showed an increase in BW, but the increase
was significant in males (P<0.05). The males
showed a significant decrease (P<0.001) in
Gl ratio whereas the females showed a
significant increase (P<0.001) in Gl ratio. In
the female rats, VMH lesion did not cause
any significant change in any of the other
parameters. In the male rats, there was
significant increase in the SI levels (P<0.001)
and a significant decrease in SG levels
(P<0.01). Following VMH lesion, male rats
also did not show any change in the lipid
profile, however, there was a significant
decrease in TSH levels (P<0.01) with no
detectable change in ST3 and ST4.

Effect of gender

Even though the  BW remained
significantly lower (P<0.001) in female rats
the difference in FI was not seen after VMH
lesion. Post lesion, SG was significantly
lower (P<0.01) with significantly higher SI
levels (P<0.01) in male rats compared to
females. Even though in control female

TABLE I : Food intake (FI), body weight (BW) and
serum biochemical parameters in control
male (n=6) rats before (pre sham) and
after (post sham) lesion.

Parameters Pre-sham Post-sham P values

FI (g) 15.59±1.32 16.56±1.90 0.3286
BW (g) 247.50±10.64 250.333±10.84 0.6579
Glucose (mg/dl) 72.33±10.91 74.16±7.30 0.7395
Insulin (ng/ml) 0.548±0.024 0.498±0.186 0.5285
G/I Ratio 131.98±11.90 148.91±7.84 0.0156
TC (mg/dl) 54.83±6.85 55.66±6.77 0.1231
TG (mg/dl) 55.83±5.60 55.33±13.79 0.9443
TSH (μlU/ml) 9.75±5.98 11.19±5.31 0.6683
T3 (ng/dl) 19.16±4.15 25.19±9.77 0.1742
T4 (μg/dl) 4.90±0.36 4.66±1.36 0.6416

Data expressed as mean±SD; The P<0.05 was
considered significant. Analysis of data was done
by Student’s paired t test. Sham means the lesion
making needle electrode was introduced in to
the brain but current was not passed.

TABLE II : Food intake (FI), body weight (BW) and
serum biochemical parameters in control
female (n=6) rats before (pre-sham) and
after (post-sham) lesion.

Parameters Pre-sham Post-sham P values

FI (g) 12.21±1.56 13.32±1.87 0.2903
BW (g) 163.50±6.22 164.66±4.50 0.2387
Glucose (mg/dl) 66.83±7.08 73.83±7.16 0.1292
Insulin (ng/ml) 0.876±0.353 0.835±0.282 0.8286
G/I Ratio 76.28±8.24 88.42±8.20 0.0285
TC (mg/dl) 51.83±3.97 52.16±3.97 0.8893
TG (mg/dl) 107.01±14.39 114.50±16.73 0.4253
TSH (μlU/ml) 7.88±3.98 8.63±4.22 0.7580
T3 (ng/dl) 33.80±4.25 36.36±8.08 0.3110
T4 (μg/dl) 5.63±1.54 4.45±0.88 0.0798

Data  expressed  as  mean±SD;  The  P<0.05
considered significant. Analysis of data was done
by Student’s paired t test. Sham means the lesion
making needle electrode was introduced in to
the brain but current was not passed.

On analyzing the gender differences of
the control group of rats (Table III), it was
seen that the female rats were significantly
lower in BW (P<0.001) and their FI was much
lesser than the male rats (P<0.05). In spite
of that, there was no significant gender
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(Table IV).

Correlation results

In the male and female rats with VMH
lesion (Table VI), both FI and BW were
significantly correlated with TSH and ST3.
In both the genders, BW also showed a
strong correlation with Gl ratio.

animals there was a significantly lower Gl
rat io ,  a f ter  les ion  the  females  had a
significantly higher Gl ratio (P<0.001). Lipid
profile did not have any appreciable change
due to the lesion between the genders. Even
though the thyroid profile did not show any
gender difference in the control animals,
a f ter  VMH les ion,  female  rats  had
significantly higher ST3 levels (P<0.05)

TABLE III : Food intake (FI), body weight (BW) and serum biochemical parameters in control
male (n=6) and female (n=6) rats before (Pre sham) and after (post sham) lesion.

Pre-sham Post-sham
Parameters

Male Female Male Female P values

FI (g) 15.59±1.32 12.21±1.56* 16.56±1.90## 13.32±1.87f  0.0008
BW (g) 247.50±10.64 163.5±6.22*** 250.33±10.84### 164.66±4.50***,fff <0.0001
Glucose (mg/dl) 72.33±10.91 66.83±7.08 74.16±7.302 73.83±7.16  0.4077
Insulin (ng/ml) 0.548±0.024 0.876±0.353 0.498±0.186 0.835±0.282  0.5480
G/I Ratio 131.98±11.40 76.28±8.52*** 148.91±7.84*,### 88.42±8.20**,fff <0.0001
TC (mg/dl) 54.83±6.85 51.83±3.97 55.66±6.77 52.16±3.97  0.5608
TG (mg/dl) 55.83±5.60 107.01±14.39*** 55.33±13.79### 114.50±16.73***,fff  0.0001
TSH (μlU/ml) 9.75±4.98 7.88±3.98 11.19±5.31 8.63±4.22  0.6382
T3 (ng/dl) 19.16±4.15 33.8±4.25** 25.19±9.77 36.36±8.083**  0.0013
T4 (μg/dl) 4.90±0.36 5.63±1.54 4.66±1.36 4.45±0.88  0.3231

Data expressed in mean±SD. The * represents comparison with pre-sham males, # represents comparison
with pre-sham females; f represents comparison with post-sham male. The analysis of data was done
by one-way ANOVA and post hoc by Tukey- Krammer test. *P<0.05; **P<0.01; ***P<0.001; ##P<0.01;
###P<0.001; fP<0.05; fffP<0.001.

TABLE IV : Comparison of food intake (FI), body weight (BW) and serum biochemical parameters
in control and VMH lesion rats in both male (n=6) and female (n=6).

Control Experimental
Parameters P

Post-sham male Post-sham female Post-lesion male Post-lesion female values

FI (g) 16.56±1.90 13.32±1.87* 19.16±2.11### 17.58±1.25## 0.0002
BW (g) 250.33±10.84 164.66±4.50*** 268.66±13.20*,### 173.33±7.84***,fff 0.0001
Glucose (mg/dl) 74.16±7.30 73.83±7.16 55.83±8.75**,## 74.33±10.32ff 0.0022
Insulin (ng/ml) 0.498±0.186 0.835±0.282 1.32±0.42***,# 0.630±0.144ff 0.003
G/I Ratio 148.91±7.84 88.42±8.20*** 42.29±6.86***,### 117.98±11.56***,###,fff <0.0001
TC (mg/dl) 55.66±6.77 52.16±3.97 52.01±2.96 55.50±6.25 0.4629
TG (mg/dl) 55.33±13.79 114.50±16.73*** 53.16±14.56### 1 18.66±12.48***,fff 0.0001
TSH (μlU/ml) 11.19±5.31 8.63±4.22 2.99±0.86** 5.65±1.75 0.0038
T3 (ng/dl) 25.19±9.77 36.36±8.08 28.86±8.66 43.82±7.07**,f 0.0053
T4 (μg/dl) 4.66±1.36 4.45±0.883 5.04±0.98 4.86±0.761 0.7735

Data expressed in mean±SD. The * represents comparison with post sham males, # represents comparison
with post sham females; f represents comparison with post lesion male. The analysis of data was done
by one-way ANOVA and post hoc by Tukey-Krammer test.  *P<0.05; **P<0.01; ***P<0.001; #P<0.05;
##P<0.01; ###P<0.001; fP<0.05; ffP<0.01; fffP<0.001.
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DISCUSSION

Lesion of VMH in experimental animals
resulted in increase in food intake in both
males and females compared to the values
of rats of their own control group (Table IV).
This confirms the inhibitory nature of VMH
on food intake, for which VMH has been
designated as satiety center (5). However,
the increase in food intake in female was
more significant (P<0.01) compared to the
nonsignificant increase in males indicating
that satiation effect induced by VMH in
females is more than that of the males.

Though there was increase in body weight
in both male and female rats compared to
their own control rats following VMH lesion,
the increase was significant in male rats
(P<0.05) and not significant in female rats
(Table IV). This indicated that body weight
gain in male rats was more than the female
rats. This is a very interesting finding that
body weight gain in male was more than
female inspite of food intake was more in
females. This indicates the dissociation of
mechanisms controlled by VMH regulating
food intake and body weight. It is well known
that lesion of VMH leads to massive obesity

in four to six weeks, which is called as
‘hypothalamic obesity’ (14). In our study, the
body weight gain was not massive, because
we had recorded all the parameters in third
week following lesion, when body weight
gain was in the first phase (the rising phase)
as we were interested to assess the acute
effects of lesions in the present study.

Important  parameters  o f  energy
homeostasis are levels of serum glucose and
insulin. In the present study, serum glucose
concentration was significantly decreased in
male rats (P<0.01), but not in female rats
compared to their control counterparts
following VMH lesion (Table IV). There was
no male-female difference in serum glucose
levels in the control rats, but post-lesion the
difference was highly significant due to acute
hypoglycemia in  males  (P<0.01) .  The
decrease in serum glucose in males could
primarily be due to increased plasma insulin
in these rats. Hyperinsulinemia is a common
feature of lesion of VMH (6, 14, 15, 16).
Though many studies report a state of
euglycemia in the presence of sustained
hyperinsul inemia and suggest  insul in
resistance even in the presence of normal
serum glucose following VMH lesion (6, 15);

TABLE V : Correlation of change in food intake and body weight with alteration in total cholesterol (TC), glucose-
insulin ratio (GIR), triglyceride (TG), thyroid stimulating hormone (TSH), tri-iodothyronine (T3) and
thyroxine (T4) in male and female experimental rats (n=6, in each group) following lesion of VMH.

Food intake Body weight

Parameters Male Female Male Female

r P r P r P r P

GIR –0.18 0.132  0.20 0.110 –0.50 0.010 –0.40 0.030
TC –0.16 0.164  0.20 0.098 –0.17 0.150  0.22 0.086
T G –0.15 0.186  0.18 0.146 –0.12 0.320  0.18 0.140
TSH –0.30 0.034 –0.38 0.024 –0.36 0.048 –0.42 0.032
T3  0.50 0.014  0.75 0.001  0.48 0.003  0.70 0.000
T4  0.16 0.160  0.21 0.090  0.18 0.130  0.24 0.084

P<0.05 was considered significant.
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hypoglycemia was observed in the present
study. The difference could be due to the
timing of observation, as many investigators
have assessed the parameters after one
month o f  les ion  by  which pancreat ic
adaptation occurs to VMH-induced obesity
(16). Therefore, we had assessed the acute
effects of lesion in the present study. It has
been reported that in the acute phase after
VMH lesion, rats are hyperinsulinemic and
hypersensitive to insulin; and in the later
phase when obesity is well established, VMH
lesion rats become insulin resistant (15).

The alteration in energy homeostasis in
VMH-lesion is considered mainly due to the
alteration in autonomic (vagosympathetic)
output (6). It has been observed that VMH
lesion results in reduced sympathetic and
increased parasympathetic activity (6, 17,
18). It is known that sympathetic activation
causes body weight loss and parasympathetic
act ivat ion causes  body weight  gain .
Therefore, sympathovagal balance is the
major contributor to energy homeostasis of
the body (19).

Moreover, the glucose-insulin ratio (GIR),
an index o f  insul in  res istance  was
significantly decreased in males (P<0.001)
and increased in females (P<0.001) following
VMH lesion. The decrease in GIR indicates
insulin resistance and increase in GIR is
associated with increased insulin sensitivity
(13). Therefore, from the present study it
appears that insulin resistance is induced
by VMH lesion in male rats, whereas female
rats are protected from this. This was further
supported by the findings of the present
study that the body weight but not the food
intake was significantly correlated with the
Gl Ratio in control rats (Table V). Moreover,

in experimental rats, body weight gain (but
not the increase in food intake) following
VMH lesion was significantly correlated with
Gl Ratio, in which the correlation was more
pronounced for male rats compared to female
rats (Table VI). All these findings indicate
that male rats following VMH lesion are
more  suscept ib le  to  develop  insul in
resistance.

There was no difference in alteration in
total  cholestero l  and tr ig lycer ides  in
experimental rats following VMH lesion
compared to controls rats that had undergone
sham lesion (Table III), which indicates that
VMH has no direct influence on lipid profile
in rats. Moreover, there was significant
correlation of food intake and body weight
with lipid profile parameters in rats before
and after lesion.

In  the  present  study,  there  was
significant decrease in TSH level in rats
following VMH lesion, in which decrease was
more pronounced in male rats (P<0.01)
compared to female rats (not significant)
(Table IV). Also, T3 level was increased
(though not significant) following VMH
lesion. These findings indicate that VMH
lesion induces some degree of hyperthyroidism
(low TSH and high T3), which may contribute
to alteration in energy homeostasis. The
influence of  VMH on thyroid hormone
secretion is executed via hypothalamo-
pituitary-thyroid axis of  neurohumoral
control .  Though the increase in T3 in
male and female rats was not significant
compared to their control rats, there was a
significantly high T3 in female rats compared
to male rats (P<0.05). As thyroid hormones
fac i l i tate  metabol ism and decreased
adiposity, a higher level of T3 in female rats
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may be among the contributory factors for
less body weights gain following VMH lesion
in these animals. Increase in T3 level was
significantly correlated with increase in body
weight in experimental rats (Table V),
indicating the direct association of thyroid
hormones with food intake and body weight.
The degree of correlation of both TSH and
T3 was more in females compared to males,
indicating thyroid control of food intake and
body weight is more prominent in females.

From the present study, it is confirmed
that neurophysiological control of energy
homeostasis in rat model is mainly dictated
by hypothalamic influences originating
primarily from ventromedial hypothalamus.

It appears that VMH controls energy balance
by its influence through sympathovagal
output, hypothalamopituitary-thyroid axis
and hypothalamopituitary-pancreas axis.

Conclusion

To conclude VMH is the important center
for satiety and adiposity in rat models and
has differential influence on control of food
intake and body weight in male and female
rats. Lesion of VMH predisposes the male
rats to insulin resistance, but not the female
rats. Hypothalamo-pituitary-thyroid axis is
involved in  VMH contro l  o f  energy
homeostasis, which appears to be stronger
in females than in males.
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