
ANNALS OF NEUROSCIENCES  VOLUME 21  NUMBER 3  JULY 2014	 www.annalsofneurosciences.org

104
ANNALS 
R E S  A R T I C L E 
ANNALS
RES ARTICLE

Role of Ventromedial hypothalamus in high fat diet induced obesity 
in male rats: association with lipid profile, thyroid profile and insulin 
resistance

Archana Gaur1, Gopal K Pal1, Palghat H Ananthanarayanan2, Parvati Pal1

1Department of Physiology; 2Department of Biochemistry

Jawaharlal Institute of Postgraduate Medical Education and Research (JIPMER) Puducherry-605006

of the blood parameters like plasma glucose, insulin, lipid pro-
file and thyroid profile depict a picture of energy homeostasis 
of the body. In the present study, we assessed the effect of 
VMH in HFD - induced obesity of male rats and its association 
with the biochemical parameters.

Methods

The study was conducted after obtaining approval of the JI-
PMER Scientific Advisory Committee and JIPMER Institutional 
Animal Ethics Committee. Twelve institute-bred healthy adult 
male albino rats of Wistar strain weighing between 150–250 g 
were obtained for the study. The rats were housed in individual 
plastic cages with wire lids. Twelve hour light–dark cycle was 
maintained. They were fed standard rat chow and allowed to 
habituate in their cage for 10 days.

The rats were fed on HFD for 10 weeks,7 prepared freshly each 
day.

Composition of HFD7

Item g/Kg of diet
Casein 164
Corn starch 303.1
Dextrose 115
Sucrose 89.9
Butter oil 190
Cellulose 58.6
Soyabean oil 10
Mineral mix 41
Vitamin mix 11.7
L-Cysteine 2.1
Choline bitartate 2.9

ABSTRACT

Background: Ventromedial hypothalamus (VMH) plays a major role in food intake, obesity and energy homeo-
stasis. There is a report of gender difference in energy balance with increased vulnerability of males to cardiac 
disease. Purpose: Body metabolism is greatly influenced by the diet we eat and some of the blood parameters 
like plasma glucose, insulin, lipid profile and thyroid profile depict a picture of energy homeostasis of the body. 
Objective: The present study was conducted to assess the effect of VMH in high fat diet (HFD) induced obesity 
and its link with insulin, glucose, thyroid and lipid profile of male Wistar rats. Methods: The male rats (n = 12) 
were given HFD for a period of 10 weeks to induce obesity. After obtaining a basal recording of food intake, body 
weight, glucose, insulin, thyroid and lipid profile, animals were divided into control and experimental group  
(n = 6 male in each). Experimental rats underwent electrolytic ablation of VMH whereas control rats under-
went sham lesion. A post-lesion recording was taken at the end of four weeks. Results: The rats had a greater 
food intake and more body weight gain after HFD schedule in both the groups. After VMH lesion, food intake 
increased further, only in experimental group. Plasma glucose, Insulin, HOMA - IR, total cholesterol (TC) and tri-
glycerides (TG) were significantly increased compared to the pre-lesion values in experimental group (P<0.001).  
Conclusions: Ten week of HFD resulted in obesity. VMH appears to prevent the development of insulin resistance 
and hypercholesterolemia which influences the energy homeostasis in male rats after high fat diet.
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Introduction

Obesity is defined as a derangement in energy homeostasis 
leading to an excessive accumulation of adipose tissue, a sig-
nificant risk to health. The increasing prevalence of overweight 
and obesity, coupled with their associations with disability and 
disease, has led to their identification as a potentially prevent-
able cause of premature morbidity and death.1 Body weight is 
determined by an interaction between genetic, environmental 
and psychosocial factors.2 These influences ultimately act by 
changing the energy balance equation, that is, the long-term 
balance between energy intake and expenditure. Excess intake 
of food is one of the risk factors for obesity. A study based on 
gene-expression profiling suggested that diet induced obese 
rats in general represent an appropriate obesity model.3 There-
fore, in present study, high fat diet (HFD) was used to create 
the obese model in rats.

VMH is designated as the principal satiety center governing feed-
ing behavior.4 Established pathways involving orexigenic neu-
ropeptide Y (NPY) and agouti-related polypeptide (AgRP) (NPY/
AgRP); and the anorexigenicpro-opiomelanocortin (POMC) and 
cocaine and amphetamine-related transcript (CART) (POMC/
CART) neurons project from the arcuate nucleus (AR) to other 
important hypothalamic nuclei, including the paraventricular 
(PVN), dorsomedial (DMN), VMH and LH nuclei.5 In addition, 
there are many projections to and from the brainstem, corti-
cal areas and reward pathways, which modulate food intake. 
Neuronal pathways between these nuclei are organized into a 
complex network in which orexigenic and anorexigenic circuits 
influence food intake and energy expenditure.5

The obese males develop atherosclerotic disease and myocar-
dial lesions while obese females and lean rats do not.6 Body 
metabolism is greatly influenced by the diet we eat and some 
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HFD and water were provided ad-libitum. At the end of  
10 weeks when all the rats turned obese, the diet was changed 
to standard rodent chow and water ad libitum. Following this, 
daily food intake and body weight was measured with the help 
of analytical weighing balance for one week and the average 
was taken to determine the 24 hour basal recordings. 

The rats were then divided into two groups, experimental and 
control with six rats in each group. After one week of accli-
matization to the lab environment, the experimental group un-
derwent electrolytic ablation of VMH bilaterally and in control 
group, sham lesions were made, that is needle was passed into 
the VMH nucleus without passing any electric current. The lo-
cation of the VMH was identified using co-ordinates from the 
stereotaxic atlas for rat brain by König and Klippel, 1963. The 
procedure was performed in anaesthetized (ketamine 40 mg/kg 
b.w. i.p.) animals. Daily food intake and body weight was mea-
sured after lesion for four weeks and the average was taken.

Biochemical Parameters

About 2ml of blood was collected from tail vein before the 
lesion and at the end of four weeks blood was obtained by car-
diac puncture after the lesion for the biochemical parameters 
recording. The animals were sacrificed thereafter.

Fasting plasma glucose (glucose oxidase peroxidase method), 
fasting plasma insulin (rat/ mouse Insulin ELISA kit, MilliporeTM, 
USA), lipid profile viz, Total Cholesterol (TC), triglycerides (TG), 
high-density lipoprotein (HDL), low-density lipoprotein (LDL), 
very-low density lipoprotein (VLDL) (chemiluminescenceit,  
Siemens, USA), plasma TSH (Human TSH chemiluminescence 
Kit, Siemens, USA), total triiodothyronine (Human TT3 RIA kit, 
ImmunotechTM, Czech) and totalthyroxine (Human TT4 RIA Kit, 
ImmunotechTM, Czech) were measured. HOMA - IR, an index of 
insulin resistance assessed by the homeostasis model assess-
ment was calculated as follows: HOMA- IR = Fasting insulin 
(μU/ml) x Fasting plasma glucose (mmol/l)/22.5.8 

Statistical Analysis

For data analysis, all values were expressed as mean ± SD. 
Differences between means were compared by Student’s  
t test (paired and unpaired) using Graph pad In Stat (Version 3, 
USA) software. P<0.05 was considered statistically significant.

Results

In control and experimental rats, food intake and body weight 
before the start of experiment was comparable (Table 1). After 
giving HFD diet, the food intake and body weight increased in 
both the groups.

Before undergoing lesion, both control and experimental group 
did not differ significantly in food intake and body weight. 

Similarly, no significant difference was observed in biochemical 
parameters (Table 2).

Effect of lesion 

Comparison of experimental group with control group

There was a significant increase in food intake (p<0.05) and 
body weight (p<0.001) following lesion in experimental group 
(Table 3). Though there was increase in fasting plasma glu-
cose and insulin, the increase was significant only for insulin 
(p<0.05) (Table 3). HOMA - IR increased significantly (p<0.05) 
(Table 3). There was a significant increase in total cholesterol 
and triglycerides (p<0.001) (Table 3). 

Comparison of post lesion values with pre-lesion  
values in experimental group

Though there was increase in both food intake and body 
weight, body weight increase was significant (p<0.001) fol-
lowing lesion. Fasting plasma glucose, insulin, HOMA - IR, TC 
and TG levels were significantly increased (p<0.001) (Table 4). 
HDL and VLDL did not show any significant difference, but LDL 
was significantly decreased (p<0.01), (Table 4). Thyroid profile 
did not show any significant change (Table 4).

Discussion

VMH has long been considered as the major brain structure for 
appetite control in energy homeostasis. Lesion of VMH leads to 
hyperphagia and morbid obesity, which is called as ‘hypotha-
lamic obesity’.9 But the role of VMH on food intake and body 

Table 1: �Comparison of food intake (FI) and body weight (BW) 
of male rats (n = 6) before giving high fat diet (HFD).

Parameter Control Experimental P value

FI (g/day) 11.56 ± 1.64 11.96 ± 1.80 0.6959

BW (g) 217.70 ± 20.456 212.20 ± 15.80 0.6136

Data expressed as mean ± SD, HFD group is the group given high fat 
diet. The * represents comparison with control males, The analysis of 
data was done by unpaired ‘t’ test. *p<0.05; **p<0.01; ***p<0.001.

Table 2: �Comparison of food intake (FI), body weight (BW) & bio-
chemical parameters of control (rats selected for sham 
lesion) and experimental (rats selected for VMH lesion) 
in male rats before lesion.

Parameter Control  
(n = 6)

Experimental  
(n = 6)

P value

FI (g/day) 14.14 ± 2.035 15.936 ± 2.801 0.2326

BW(g) 285.66 ± 19.098 292.83 ± 18.358 0.5223

Plasma Glucose  
(mg/dl)

116.66 ± 16.621 108.83 ± 8.208 0.3252

Insulin (ng/ml) 3.069 ± 0.854 2.096 ± 0.757 0.0633

HOMA IR 17.200 ± 3.626 13.519 ± 2.125 0.0575

TC (mg/dl) 80.0 ± 4.099 78.33 ± 8.71 0.6799

TG (mg/dl) 75.33 ± 10.184 77.16 ± 13.74 0.7986

HDL (mg/dl) 21.33 ± 3.077 22.83 ± 4.355 0.5065

LDL (mg/dl) 36.6 ± 6.495 38.7 ± 7.473 0.6147

VLDL (mg/dl) 23.06 ± 5.837 29.43 ± 6.349 0.1005

TSH ((µIU/ml) 0.861 ± 0.143 1.13 ± 0.357 0.1174

T3 (ng/dl) 0.95 ± 0.265 1.102 ± 0.560 0.5612

Thyroxine  
(µg/dl)

5.27 ± 4.747 3.842 ± 1.830 0.5074

Data expressed as mean ± SD, HFD group is the group given high fat 
diet. The *represents comparison with control males, The analysis of 
data was done by unpaired ‘t’ test. *p<0.05; **p<0.01; ***p<0.001.
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Table 3: �Comparison of food intake (FI), body weight (BW) & biochemical parameters of control (rats selected for sham lesion) and 
experimental (rats selected for VMH lesion) in male rats after lesion.

Parameter Control (n = 6) Experimental (n = 6) P value

FI (g/day) 14.98 ± 1.565 18.928 ± 1.979* 0.0033

BW (g) 293.5 ± 14.927 362.66 ± 16.20*** <0.0001

Plasma Glucose (mg/dl) 145.52 ± 35.138 169.66 ± 22.932 0.1891

Insulin (ng/ml) 2.996 ± 0.892 4.48 ± 1.025* 0.0233

HOMA IR 25.815 ± 4.717 45.006 ± 15.651* 0.0165

TC (mg/dl) 106.0 ± 7.314 152.83 ± 11.210*** <0.0001

TG (mg/dl) 65.83 ± 5.212 104.83 ± 5.193*** <0.0001

HDL (mg/dl) 19.16 ± 4.401 20.66 ± 2.503 0.4847

LDL (mg/dl) 29.66 ± 8.350 25.2 ± 5.015 0.2882

VLDL (mg/dl) 27.16 ± 2.642 26.96 ± 4.039 0.9212

TSH ((µIU/ml) 1.76 ± 1.090 1.925 ± 1.193 0.8076

T3 (ng/dl) 0.753 ± 0.242 0.851 ± 0.647 0.7354

Thyroxine (µg/dl) 3.564 ± 1.719 4.036 ± 2.208 0.6882

Data expressed as mean ± SD, HFD group is the group given high fat diet. The * represents comparison with control males, The analysis of data was 
done by unpaired ‘t’ test. *p<0.05; **p<0.01; ***p<0.001.

Table 4: �Comparison of food intake (FI), body weight (BW) & biochemical parameters of control (rats selected for sham lesion) in 
both male rats before & after lesion.

Parameter Pre-lesion (n = 6) Post-lesion (n = 6) P value

FI (g/day) 15.936 ± 2.801 18.928 ± 1.97 0.0583

BW (g) 292.83 ± 18.358 362.66 ± 16.20*** <0.0001

Plasma Glucose (mg/dl) 108.83 ± 8.208 169.66 ± 22.932*** 0.0001

Insulin (ng/ml) 2.096 ± 0.757 4.48 ± 1.025*** 0.0010

HOMA IR 13.519 ± 2.125 45.006 ± 15.651*** 0.0006

TC (mg/dl) 78.33 ± 8.71 152.83 ± 11.210*** <0.0001

TG (mg/dl) 77.16 ± 13.74 104.83 ± 5.193*** 0.0010

HDL (mg/dl) 22.83 ± 4.355 20.66 ± 2.503 0.3149

LDL (mg/dl) 38.7 ± 7.473 25.2 ± 5.015** 0.0043

VLDL (mg/dl) 29.43 ± 6.349 26.96 ± 4.039 0.4401

TSH ((µIU/ml) 1.13 ± 0.357 1.925 ± 1.193 0.1489

T3 (ng/dl) 1.102 ± 0.560 0.851 ± 0.647 0.4889

Thyroxine (µg/dl) 3.842 ± 1.830 4.036 ± 2.208 0.8717

Data expressed as mean ± SD, HFD group is the group given high fat diet. The * represents comparison with pre- lesion, The analysis of data was done 
by paired ‘t’ test. *p<0.05; **p<0.01; ***p<0.001.

weight in already obese individuals has not been fully delin-
eated. In the present study, we observed an increase in body 
weight after lesion even in HFD-induced obese rats. Hence, 
VMH lesion can lead to further increase in body weight irre-
spective of the initial body weight in obese rats.

The role of VMH on satiety and body weight control has been 
reassessed and it has been proposed that VMH-lesion obesity 
is in large a metabolic obesity due to autonomic dysfunctions 
independent of hyperphagia.10 We have not measured the au-
tonomic parameters in this study, but we noted a significant 
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increase in food intake after lesion in study group. Hence, 
the mechanism of hyperphagia as a cause of increased body 
weight after VMH lesion cannot be ruled out. 

Anorexigens like insulin and leptin act on arcuate nucleus and 
paraventricular nucleus to increase sympathetic activity and 
energy expenditure and decrease food intake.11 However, the 
observation that the increase in body weight and food intake 
after VMH lesion alone, could be due to the fact that VMH acts 
as the final common pathway controlling the feeding behav-
ior cannot be concluded as there are other hypothalamic areas 
regulating feeding. 

Important parameters of energy homeostasis are levels of 
plasma glucose and insulin. There was a significant increase 
in insulin level following VMH lesion which is in corrobo-
ration with the previous studies.9,12–16 In the present study, 
though there was an increase in plasma glucose concen-
tration, it was not significant when compared to controls. 
However, the plasma glucose concentration was significantly 
increased compared to pre-lesion values. Many reports state 
that normal serum glucose level, in the presence of hyperin-
sulinemia suggests insulin resistance.13,15 Hence, in the pres-
ent study experimental rats were in the insulin resistant state 
after VMH lesion. This is further supported by the significant 
increase in HOMA – IR compared to the controls as well as 
pre-lesion values. Suga et al showed that despite a marked 
adiposity and hyperinsulinemia, insulin resistance was not in-
creased in VMH-lesioned rats whereas fructose diet brought 
about substantial insulin resistance and hyperinsulinemia in 
both lean and obese rats.17 This difference could be due to 
the type of diet given. Thus, it appears that following VMH 
lesion, HFD induced obese male rats are susceptible to insulin 
resistance.

In the present study, serum cholesterol in experimental rats was 
significantly increased following VMH lesion, which indicates 
that VMH has a cholesterol suppressing effects in high-fat in-
duced obesity. Following lesion, triglyceride was significantly 
increased inexperimental rats (Table 4). Our findings are in 
conformity with the previous report that VMH lesion causes 
hypertriglyceridemia.18 Another study suggests that lipoprotein 
synthesis markedly increases in the livers of VMH lesioned rats. 
19 From the findings of the present study, it is proposed that 
VMH has an inhibitory effect on triglycerides and cholesterol in 
males and the effect is reduced after lesion. 

Thus, our study suggests increased susceptibility of obese male 
rats to insulin resistance and dyslipidemia. 

Thyroid hormone largely influences energy balance of the body. 
Our study did not show any significant difference in TSH, T3 
and thyroxinelevels in experimental rats following VMH lesion 
compared to that of control rats.

Conclusion

VMH is the important center for satiety and adiposity and could 
be the ultimate pathway for control of food intake and obesity. 
The mechanism of hyperphagia as a cause of increased body 
weight after VMH lesion could be the possible mechanism for 
obesity. VMH lesion can lead to further increase in body weight 
in HFD-induced obese rats. VMH appears to prevent the de-
velopment of insulin resistance. The present study reveals the 
susceptibility of male rats on HFD to insulin resistance, adipos-
ity and hyperlipidemia after VMH lesion.

Acknowledgement

I want to thank JIPMER for providing the Intramural Research 
Fund.

The article complies with International Committee of Medical Journal editor’s 
uniform requirements for manuscript.

Conflict of Interests: None: Source of funding: JIPMER

Received Date : 16 May 2014; Revised Date : 5 June 2014;  
Accepted Date : 30 June 2014

References

1.	 Peeters A, Barendregt JJ, Willekens F, et al. Obesity in Adulthood and Its 
Consequences for Life Expectancy: A Life-Table Analysis. Ann Intern 
Med. 2003; 138: 24–32.

2.	 Kopelman P. Health risks associated with overweight and obesity. Obe-
sity Reviews 2007; 8(Suppl. 1): 13–17.

3.	 Li S, Zhang HY, Hu CC, Lawrence F, et al. Assessment of diet-induced 
obese rats as an obesity model by comparative functional genom-
ics. Obesity (Silver Spring). 2008 Apr; 16(4): 811–8.

4.	 Epstein FH. Epidemiology of obesity. In: Bjorntorp P, Brodoff BN, ed. 
Obesity. Philadelphia. PA: J. B. Lippincot. 1992; 330–342.

5.	 Simpson KA, Martin NM, Bloom SR. Hypothalamic regulation of food 
intake and clinical therapeutic applications. Arq Bras Endocrinol 
Metab. 2009; 53: 120–128.

6.	 Russell J C, Ahuja S K, Manickavel V, et al. Insulin resistance and  
impaired glucose tolerance in the atherosclerosis-prone LA/N  
corpulent rat. Arteriosclerosis, Thrombosis and Vascular Biology. 
1987; 7: 620–26.

7.	 Woods SC, Seeley RJ, Rushing PA, et al. A Controlled High-Fat  
Diet Induces an Obese Syndrome in Rats. J Nutr. 2003; 133(4): 
1081–7.

8.	 Emoto M, Nishizawa Y, Maekawa K, et al. Homeostasis Model Assess-
ment as a Clinical Index of Insulin Resistance in Type 2 Diabetic Pa-
tients Treated With Sulfonylureas. Diabetes care.1999; 22: 818–822.

9.	 Bray GA. Hypothalamic and genetic obesity: an appraisal of the auto-
nomic hypothesis and the endocrine hypothesis. Int J Obes. 1984;  8:  
119–137.

10.	 King BM. The rise, fall and resurrection of the ventrmedial hypothala-
mus in the regulation of feeding behavior and body weight. Physiol 
Behav. 2006; 87: 221–244.

11.	 John E Hall. Dietary Balances; Regulation of Feeding; Obesity and Star-
vation; Vitamins and Minerals In: Textbook of Medical Physiology 
12th edition: Elsevier Saunders. 2011; 843–857.

12.	 Habib SS, Aslam M, Hameed W. Gender Differences In Lipids And Lipo-
protein (A) Profiles In Healthy Individuals And Patients With Type 2 
Diabetes Mellitus Pak J Physiol 2005; 1: 1–2.

13.	 Tokunaga K, Fukushima M, Kemnitz JW, et al. Effect of vagotomy on 
serum insulin in rats with paraventricular or ventromedial hypotha-
lamic lesions. Endocrinology. 1986; 119: 1708–1711.

14.	 Smith FJ, Campfield LA. Pancreatic adaptation in VMH obesity: in vivo 
compensatory response to altered neural input. Am J Physiol. 1986; 
251: 70–76.

15.	 Pénicaud L, Rohner-Jeanrenaud FandJeanrenaud B. In vivo metabolic 
changes as studied longitudinally after ventromedial hypothalamic 
lesions. Am J Physiol. 1986; 250: 662–668. 

16.	 Pénicaud L, Kinebanyan MF, Ferré P, et al. Development of VMH obesity: 
in vivo insulin secretion and tissue insulin sensitivity. Am J Physiol. 
1989; 257: 255–260.

17.	 Suga A, Hirano T, Kageyama H, et al. Effects of fructose and glucose 
on plasma leptin, insulin, and insulin resistance in lean and VMH-
lesioned obese rats. Am J Physiol Endocrinol Metab. 2000; 278(4): 
E677–83.

18.	 Suga A, Hirano T, Inoue S, et al. Plasma leptin levels and triglyceride secre-
tion rates in VMH-lesioned. Am J Physiol. 1999; 276(4): 650–657.

19.	 Inui Y, Nishikawa M, Minami Y, et al. Morphological study of lipoprotein 
particles in the livers of ventromedial hypothalamus lesioned rats. 
Int J Obes. 1987; 11(5): 527–36.


