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Abstract

Background: Menopause increases the prevalance of metabolic 
syndrome in women. Olanzapine is an atypical antipsychotic drug 
which is used in the treatment of psychiatric disorders, include 
schizophrenia and bipolar disorder. But it is associated with serious 
metabolic side-effects, include weight gain, hypertension, hyperlip-
idemia, hyperglycemia, glucose intolerance and insulin resistance 
which results in metabolic syndrome. The prevalence of metabolic 
syndrome is more in patients with schizophrenia compared to the 
general population. Telmisartan an antihypertensive agent, is an 
angiotensin II type-I receptor blocker (ARB) also activates peroxi-
some proliferator-activated receptor gamma (PPARγ) and provide 
beneficial effects for glucose and lipid metabolism. Thus the ob-
jective of the present study was to evaluate the effect of telmis-
artan and additional influence of menopause status on olanzapine 
induced metabolic syndrome in female Sprague-Dawley rats.

Methods: After four weeks of ovariectomy, olanzapine (5 mg/kg) 
was administered by oral route for 28 days to induce metabolic 
syndrome in female Sprague-Dawley rats. Thirty female Sparague-
Dawley rats were randomly divided into five groups as normal 
control; ovariectomy control (OVX); ovariectomy + olanzapine 
control (OVX+OLZ); OVX + Telmisartan (5 mg/kg); OVX + OLZ 
+ Telmisartan (5 mg/kg). After 28 days of treatment, the blood sam-
ples were collected and analyzed for blood glucose, plasma insulin, 
lipid profiles, SGOT, SGPT and body weights of all groups were 
recorded.

Results: OVX control and OVX + OLZ control groups showed sig-
nificant (P < 0.01) increase in body weight, blood glucose, plasma 
insulin, total cholesterol, triglycerides, LDL-C, VLDL-C, SGOT, 
SGPT and significant (P < 0.01) decrease in HDL-C when com-
pared to normal control. While OVX group and OVX + OLZ group 
treated with telmisartan showed significant decrease in body weight 
gain (P < 0.05), blood glucose (P < 0.01), plasma insulin (P < 0.01), 
total cholesterol (P < 0.01), triglycerides (P < 0.05, P < 0.01), LDL-
C (P < 0.01), VLDL-C (P < 0.05, P < 0.01), SGOT (P < 0.05, P < 
0.01), SGPT (P < 0.01) and significant increase in HDL-C (P < 
0.01) when compared to OVX control and OVX + OLZ control 
group. The results of histopathological studies provide strong sup-
port to our results.

Conclusions: Telmisartan attenuate the development of meta-
bolic syndrome induced by olanzapine in ovariectomized female 
Sprague-Dawley rats.

Keywords: Menopause; Ovariectomy; Metabolic syndrome; Insu-
lin resistance; Hyperlipidemia; Hyperglycemia; Peroxisome prolif-
erator-activated receptor gamma (PPARγ)

Introduction

Metabolic syndrome is a combination of metabolic risk fac-
tors that include abdominal obesity, atherogenic dyslipid-
emia, hypertension, and insulin resistance which increases 
the risk of cardiovascular disease and type-2 diabetes [1]. 
It is also called as syndrome X, dysmetabolic syndrome, 
cardiometabolic syndrome, insulin resistance syndrome, 
Reaven’s syndrome, the deadly quartet, GHO (glucose in-
tolerance, hypertension, obesity) syndrome [2, 3]. Metabolic 
syndrome is a rising clinical challenge and is classified as a 
disease entity by the Center for Disease Control (CDC) and 
has an international classification of disease code of 277.7 
[4]. Metabolic syndrome is the one of the most common 
chronic diseases worldwide and the fourth or fifth leading 
cause of death in the developed world [5]. It is estimated 
that around 20 - 25 percent of the world’s adult population 
have the metabolic syndrome and they are twice as likely to 
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die from it, and three times as likely to have a heart attack or 
stroke compared with people without the syndrome. In addi-
tion, people with metabolic syndrome have a fivefold greater 
risk of developing type-2 diabetes [5]. The prevalence of the 
metabolic syndrome increases with age, but there are ethnic 
and national differences [6].

Menopause heralds a decline in circulating estrogen 
levels, which may increase cardiovascular risk through the 
effects on adiposity, lipid metabolism, and prothrombotic 
state. It has been suggested that all these modifications may 
result in a menopausal metabolic syndrome, as many of the 
risk factors are more prevalent in postmenopausal women 
[1]. Menopause increases the prevalence of metabolic syn-

drome in women. Menopause condition is induced experi-
mentally in rats by ovariectomy [1]. These ovariectomy 
(OVX) induced metabolic changes might be caused directly 
by estrogen deficiency and may occur partly as secondary 
effects of obesity arising due to the orexigenic effects of es-
trogen deficiency [7].

Olanzapine is the one of the most commonly prescribed 
atypical antipsychotic drugs worldwide which is used in the 
treatment of chronic psychotic disorders, include schizophre-
nia and bipolar disorder [8]. It acts by antagonizing the ac-
tions of dopamine (D2) receptors and serotonin (5-HT2A/2C) 
receptors. By blocking these dopamine (D2) and serotonin 
(5-HT2A/2C) receptors olanzapine reduces extrapyramidal 

Group Treatment
Body weight (g)

Initial Final Weight gain

A Normal Control 211.67 ± 6.009 223.50 ± 6.087 11.833 ± 0.910

B OVX Control 213.33 ± 9.545 233.83 ± 10.879 20.500 ± 2.432**

C OVX + OLZ Control 220.00 ±11.255 242.16 ± 11.677 22.167 ± 2.242**

D OVX + TEL 225.00 ± 9.574 211.50 ± 10.052 13.500 ± 1.544$

E OVX + OLZ + TEL 220.00 ± 7.303 205.33 ± 7.401 14.667 ± 1.453#

Table 1. Effect of Telmisartan on Body Weight

n = 6; the values are expressed as Mean ± SEM; **P < 0.01 when compared to normal control, $P < 0.05 when compared 
to OVX and #P < 0.05 when compared to OVX + OLZ (One way ANOVA followed by Dunnett’s multiple comparison test). 
OVX: ovariectomy control, OVX + OLZ: ovariectomy + olanzapine control, OVX + TEL: ovariectomy group treated with 
telmisartan, OVX + OLZ + TEL: ovariectomy + olanzapine group treated with telmisartan.

Figure 1. Effect of telmisartan on blood glucose level. n = 6; The values are expressed as mean ± 
SEM; **P < 0.01 when compared to normal control, $$P < 0.01 when compared to OVX and ##P < 
0.01 when compared to OVX + OLZ (One way ANOVA followed by Dunnett’s multiple comparison 
test). Group A: normal control, Group B: ovariectomy control, Group C: ovariectomy + olanzapine 
control, Group D: ovariectomy group treated with telmisartan, Group E: ovariectomy + olanzapine 
group treated with telmisartan.
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side effects [9]. There are several evidences indicating that 
atypical antipsychotic drugs have serious adverse effects. 
These primarily include metabolic side-effects, which sub-
stantially increase the risk of developing cardio-metabolic 
disorders such as type-2 diabetes mellitus (DM) and cardio-
vascular diseases. In the clinical setting, the identifying char-
acteristics of antipsychotic drug-induced metabolic disorders 
are weight gain, hypertension, hyperlipidemia, hyperglyce-
mia, glucose intolerance and insulin resistance [8]. Olanzap-
ine and clozapine are more prone to induce these metabolic 
side-effects than other atypical antipsychotic drugs [10]. 
Many reports have found a higher prevalence of metabolic 
syndrome in patients with schizophrenia compared to the 
general population [11].

Telmisartan an antihypertensive agent, is an angiotensin 
II type-I receptor blocker (ARB) which is highly selective for 
the angiotensin II type 1 (AT1) receptor. It acts by blocking 
the renin-angiotensin-aldosterone system (RAAS) by inhib-
iting the actions of angiotensin II at the angiotensin II type 
1 (AT1) receptor [12]. For all angiotensin receptor blockers 
(ARBs), telmisartan has demonstrated the ability not only 
to inhibit angiotensin II type 1 receptor but also to activate 
peroxisome proliferator-activated receptor gamma (PPARγ) 
and to provide beneficial effects for glucose and lipid me-
tabolism. Telmisartan acts as a selective PPARγ modulator 
and modifies the expression of numerous metabolism-related 
genes and plays a major role in glucose metabolism [13]. Be-
cause of its greater PPARγ-agonist activity, telmisartan has 
been reported to be associated with improvements in insulin 
resistance and glucose metabolism compared with other an-
giotensin receptor blockers [14]. 

Thus in the present study the effect of telmisartan and 
additional influence of menopause status on olanzapine in-
duced metabolic syndrome was investigated in ovariecto-

mized female Sprague-Dawley rats.

 
Materials and Methods

Animals

Female Sprague-Dawley rats of 6 - 8 weeks old, weighing 
200 - 220 g were obtained from Swamy Vivekanandha Col-
lege of Pharmacy, animal house were used for the study. 
Throughout the acclimatization and experimental period, the 
animals were housed in autoclavable polypropylene cages 
under standard laboratory conditions at 21 ± 2 oC and 50-
60% relative humidity with a photo period of 12-h light/12-h 
dark cycle. The animals were provided with standard pel-
let diet and water ad libitum. Study protocol was approved 
by Institutional Animal Ethical Committee (IAEC), Swamy 
Vivekanandha College of Pharmacy (Proposal No: SVCP/
IAEC/M.Pharm/07/Sep/2011) and experiments were con-
ducted in accordance with guidelines set by the CPCSEA 
(Committee for the Purpose of Control and Supervision of 
Experiment on Animals), India.

Drugs and Chemicals

Gift samples of each drug were obtained from various phar-
maceutical companies along with their analytical data, Olan-
zapine (Sigma chemicals and drugs, Hyderabad) Telmisar-
tan (Ranbaxy Laboratories Limited, Mumbai). The other 
chemicals were purchased from various companies Carboxy 
methyl cellulose (Loba Chemicals Pvt. Ltd., Mumbai), 
Formaldehyde (Nice Chemicals Pvt. Ltd., Kochi), Sodium 
phosphate monobasic (Loba Chemicals Pvt. Ltd., Mumbai), 
Sodium phosphate dibasic (Loba Chemicals Pvt. Ltd., Mum-

Figure 2. Effect of telmisartan on plasma insulin level. n = 6; The values are expressed as mean ± 
SEM; **P < 0.01 when compared to normal control, $$P < 0.01 when compared to OVX and ##P < 
0.01 when compared to OVX + OLZ (One way ANOVA followed by Dunnett’s multiple comparison 
test). Group A: normal control, Group B: ovariectomy control, Group C: ovariectomy + olanzapine 
control, Group D: ovariectomy group treated with telmisartan, Group E: ovariectomy + olanzapine 
group treated with telmisartan.
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bai), Neosporin (Glaxo Smithkline pharmaceutical Ltd., 
Bangalore), Povidine-iodine solution (Cipla Ltd., Mumbai) 
and used for the study.

Experimental design

The thirty female Sprague-Dawley rats were randomly di-
vided into five groups. Group A: Normal control (1% w/v 
CMC in water), Group B: Disease control (ovariectomy + 
1%w/v CMC in water), Group C: Disease control (ovari-
ectomy + olanzapine 5 mg/kg/day in 1%w/v CMC), Group 
D: Disease (OVX) + Telmisartan (5 mg/kg/day in 1%w/v 
CMC), Group E: Disease (OVX + Olanzapine) + Telmisar-
tan (5 mg/kg/day in 1%w/v CMC). Each group containing 
six animals (n = 6). Ovariectomy (OVX) was performed for 
all 4 groups except normal control group. Animals were al-
lowed for one month to recover. After the recovery, drug 
treatment was given to all groups. The experimental meno-
pause was induced by ovariectomy in rats. Ensured that this 
menopause period itself induces metabolic syndrome in 
rats. Also metabolic syndrome in rats was induced by ad-
ministering olanzapine 5 mg/kg, once a day by oral route at 
10.00 am to the respective groups using an intragastric tube 
for 28 days and treatment with telmisartan was given by oral 
route, once a day, at 3.00 pm to respective groups for the 
period of 28 days.

Initial and final body weights of all groups were record-
ed. At the end of the experimental period, the animals were 
fasted for overnight and blood was collected in EDTA tubes 
by cardiac puncture. Plasma was analyzed for glucose, insu-
lin, TC, TGs, HDL-C, LDL-C, VLDL-C, SGOT, and SGPT 
by enzymatic kits using semi-auto analyzer. Then animals of 
all groups were sacrificed by decapitation and immediately 
liver, kidneys were dissected, washed in ice-cold saline to 
remove the blood, then weights of liver and kidney were re-
corded. The averages of all parameters were computed.

Blood and plasma biochemical analysis

Blood glucose was determined using Trinder’s glucose oxi-
dase and proxidase method [15] while plasma insulin was 
determined by ELISA method of using UBI MAGWELL 
Diagnostic kit (United Biotech Inc., California, USA) [16]. 
Plasma total cholesterol was determined by cholesterol ox-
idase-perixodase (CHOD - POD) method of using Accurex 
Cholestrol kit (Accurex Biomedical Pvt. Ltd., Thane, India) 
[17] and triglycerides were determined by glucose oxidase-
peroxidase (GOD - POD) method with N-Ethyl-N Sulfo-
propyl-N-Anisidine (ESPAS) was used by using Accurex 
Triglyceride kit (Accurex Biomedical Pvt. Ltd., Thane) [18] 
respectively. HDL-cholesterol was then determined using the 
aforementioned cholesterol kit. LDL-cholesterol was calcu-
lated using the levels of total cholesterol, triglycerides, HDL 
cholesterol obtained using the Friedewald formula [19]. G
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Histopathological studies

After 28 days, during necropsy, liver was resected, fixed in 
10% buffered formalin (37-40 % Formaldehyde (100 mL), 
Sodium phosphate monobasic (4 g), Sodium phosphate di-
basic (6.5 g) and Distilled water (900 mL)), and were further 
processed for histopathological examination.

Statistical analysis

The values are expressed as mean ± SEM. One way analy-
sis of variance (ANOVA) followed by Dunnett’s multiple 
comparison test was used to analyse the effect of telmisartan 
when compared to control and disease control groups, by us-
ing Graph Pad Instat software, version 3.01; P < 0.05 was 
considered as significant.

Results

Effect of telmisartan on body weight

The body weight of rats in group B and C showed significant 
(P < 0.01) increase when compared to group A. Group D 
showed significant (P < 0.05) decrease in body weight when 
compared to group B. Group E showed significant (P < 0.05) 
decrease in body weight when compared to group C (Table 
1).

Effect of telmisartan on blood glucose level

The mean blood glucose levels of groups A, B, C, D and E 
were 64.55 ± 3.618, 121.83 ± 6.35, 140.50 ± 7.14, 73.03 ± 
2.66, 79.48 ± 1.77 mg/dL respectively. Group B and C had 

Figure 3. Effect of telmisartan on SGOT level. n = 6; The values are expressed as mean ± SEM; 
**P < 0.01 when compared to normal control, $P < 0.05 when compared to OVX and ##P < 0.01 
when compared to OVX + OLZ (One way ANOVA followed by Dunnett’s multiple comparison 
test). Group A: normal control, Group B: ovariectomy control, Group C: ovariectomy + olanzapine 
control, Group D: ovariectomy group treated with telmisartan, Group E: ovariectomy + olanzapine 
group treated with telmisartan.

Figure 4. Effect of telmisartan on SGPT level. n = 6; The values are expressed as mean ± SEM; 
**P < 0.01 when compared to normal control, $$P < 0.01 when compared to OVX and ##P < 0.01 
when compared to OVX + OLZ (One way ANOVA followed by Dunnett’s multiple comparison 
test). Group A: normal control, Group B: ovariectomy control, Group C: ovariectomy + olanzapine 
control, Group D: ovariectomy group treated with telmisartan, Group E: ovariectomy + olanzapine 
group treated with telmisartan.
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a significant (P < 0.01) increase in blood glucose level com-
pared to group A. Group D showed significant (P < 0.01) 
decrease in blood glucose level when compared to group B. 
Group E showed significant (P < 0.01) decrease in blood glu-
cose level when compared to group C (Fig. 1).

Effect of telmisartan on plasma insulin level

The mean plasma insulin level of groups A, B, C, D and E 
were 9.10 ± 0.35, 14.46 ± 0.32, 15.78 ± 0.677, 12.01 ± 0.35, 
12.43 ± 0.55 µU/mL respectively. The highest plasma insu-
lin level was observed in group C. There was a significant 
(P < 0.01) increase in group B and C compared to group A. 
Group D showed significant (P < 0.01) decrease in plasma 
insulin level when compared to group B. Group E showed 
significant (P < 0.01) decrease in plasma insulin level when 
compared to group C (Fig. 2).

Effect of telmisartan on lipid profile

The cholesterol level of rats in group B and C showed signif-
icant (P < 0.01) increase when compared to group A. Group 
D showed significant (P < 0.01) decrease in cholesterol level 
when compared to group B. Group E showed significant (P < 
0.01) decrease in cholesterol level when compared to group 
C.

The triglyceride level of rats in group B and C showed 
significant (P < 0.01) increase when compared to group A. 
Group D showed significant (P < 0.05) decrease in triglycer-
ide level when compared to group B. Group E showed sig-
nificant (P < 0.01) decrease in triglyceride level when com-
pared to group C.

The HDL-C level of rats in group B and C showed sig-
nificant (P < 0.01) decrease when compared to group A. 
Group D showed significant (P < 0.01) increase in HDL-C 
level when compared to group B. Group E showed signifi-

cant (P < 0.01) increase in HDL-C level when compared to 
group C.

The LDL-C level of rats in group B and C showed signif-
icant (P < 0.01) increase when compared to group A. Group 
D showed significant (P < 0.01) decrease in LDL-C when 
compared to group B. Group E showed significant (P < 0.01) 
decrease in LDL-C level when compared to group C.

The VLDL-C level of rats in group B and C showed 
significant (P < 0.01) increase when compared to group A. 
Group D showed significant (P < 0.05) decrease in triglycer-
ide level when compared to group B. Group E showed signif-
icant (P < 0.01) decrease in triglyceride level when compared 
to group C (Table 2).

Effect of telmisartan on SGOT level

The mean plasma SGOT level of groups A, B, C, D and E 
were 99.95 ± 5.88, 147.93 ± 11.73, 160.31 ± 10.32, 114.00 ± 
5.086, 124.20 ± 6.814 IU/L respectively. The highest plasma 
SGOT level was observed in group C. There was a signifi-
cant (P<0.01) increase in group B and C compared to group 
A. Group D showed significant (P<0.05) decrease in plasma 
SGOT level when compared to group B. Group E showed 
significant (P<0.01) decrease in plasma SGOT level when 
compared to group C (Fig. 3).

Effect of telmisartan on SGPT level

The mean plasma SGPT level of groups A, B, C, D and E 
were 69.60 ± 2.22, 101.56 ± 3.99, 107.25 ± 4.84, 78.86 ± 
1.71, 83.10 ± 2.79 IU/L respectively. The highest plasma 
SGPT level was observed in group C. There was a significant 
(P < 0.01) increase in group B and C compared to group A. 
Group D showed significant (P < 0.01) decrease in plasma 
SGPT level when compared to group B. Group E showed 
significant (P < 0.01) decrease in plasma SGPT level when 

Group Treatment Liver weight Kidney weight

A Normal Control 2.210 ± 0.06 0.680 ± 0.035

B OVX Control 3.267 ± 0.123** 0.872 ± 0.047**

C OVX + OLZ Control 3.350 ± 0.161** 0.944 ± 0.045**

D OVX + TEL 2.382 ± 0.110$$ 0.723 ± 0.025$

E OVX + OLZ + TEL 2.367 ± 0.096## 0.797 ± 0.032#

Table 3. Effect of Telmisartan on Liver and Kidneys Weight

n = 6; The values are expressed as mean ± SEM; **P < 0.01 when compared to normal control group, 
$$P < 0.01, $P < 0.05, when compared to OVX and ##P < 0.01, #P < 0.05 when compared to OVX + OLZ 
(One way ANOVA followed by Dunnet t’s multiple comparison test).
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compared to group C (Fig. 4).

Effect of telmisartan on liver and kidneys weight

The liver weight of rats in Group B and C showed significant 
(P < 0.01) increase when compared to group A. Group D 
showed significant (P < 0.01) decrease in liver weight when 
compared to group B. Group E showed significant (P < 0.01) 
decrease in liver weight when compared to group C.

The kidneys weight of rats in Group B and C showed 
significant (P < 0.01) increase when compared to group A. 
Group D showed significant (P < 0.05) decrease in kidneys 
weight when compared to group B. Group E showed signifi-
cant (P < 0.05) decrease in kidneys weight when compared 
to group C (Table 3). 

Histopathology of liver

After 28 days of treatment, the normal control group showed 
liver depicting normal radiating cords of hepatocytes and 
central vein. Ovariectomy control group showed severe dif-
fuse fatty changes (large vacuoles) within the hepatocytes of 
liver and ovariectomy + olanzapine control group showed 
severe fatty changes (large vacuoles) within almost all he-
patocytes of liver. Ovariectomized rats treated with telmis-
artan showed mild fatty changes (small vacuoles) within the 
few hepatocytes of liver. Ovariectomy + olanzapine group 
treated with telmisartan showed mild fatty change (small 
vacuoles) within the stray hepatocytes of liver.

Discussion
  
Metabolic syndrome is a common precursor of cardiovascu-
lar disease and type-2 diabetes that is characterized by the 
clustering of insulin resistance/hyperinsulinemia, dyslipid-
emia and increased blood pressure [20]. It affects one in five 
people in the United States and prevalence increases with 
age [21].

Menopause may increase the risk of cardiovascular 
disease through the effects on adiposity, lipid metabolism, 
prothrombotic state because of decreased levels of estro-
gen which may result in menopausal metabolic syndrome. 
Menopause condition is induced experimentally by ovari-
ectomy in animals [1]. Ovariectomy-induced estrogen de-
ficiency results in significantly increased weight gain and 
increased in risk factors for the metabolic syndrome, such 
as hyperglycemia, hyperinsulinemia, and insulin resistance. 
Ovariectomized rats showed estrogen depletion, which trig-
gered the metabolic syndrome and some renal metabolic ab-
normalities [22].

Olanzapine is an atypical antipsychotic drug which is 
used in the treatment of psychiatric disorders but it is as-
sociated with numerous adverse side-effects including meta-

bolic syndrome. Metabolic side-effects such as weight gain, 
adiposity, dyslipidaemia, glucose dysregulation and insulin 
resistance are particularly problematic, and leading to further 
social and medical consequences including obesity, cardio-
vascular disease, type-2 diabetes [23]. In this present study 
metabolic syndrome is induced by olanzapine and is potenti-
ated by ovariectomy in female Sprague-Dawley rats.

Telmisartan an antihypertensive agent, is an angiotensin 
II type-I receptor blocker (ARB) and also activates PPARγ, 
which affects the expression of key enzymes that mediate the 
beneficial effects of glucose and lipid metabolism. Telmis-
artan may improve glucose and lipid metabolism with the 
reduction in visceral fat mass in patients with type-2 dia-
betes and metabolic syndrome [13]. It has been reported to 
improve insulin sensitivity (IS) in insulin-resistant subjects 
[24] and also reduces glucose, insulin, and triglyceride levels 
[25]. Thus, telmisartan may be used not only in the treatment 
of hypertension but also in the prevention of metabolic syn-
drome [13].

The objective of our study was to evaluate the effects of 
telmisartan on olanzapine induced metabolic syndrome and 
to evaluate the additional influence of a menopause status in 
female Sprague-Dawley rats.

In the present study, ovariectomized rats showed sig-
nificant increase in weight gain, blood glucose, insulin, total 
cholesterol, triglycerides, LDL-C, VLDL-C, SGOT, SGPT 
and decrase in HDL-C which are consistent with the reports 
of Choi et al (2009), who reported that the ovariectomy-in-
duced estrogen deficiency results in significantly increased 
weight gain, glucose concentration, insulin, cholesterol, tri-
glyceride levels and increases in risk factors for the meta-
bolic syndrome, such as hyperglycemia, hyperinsulinemia, 
and insulin resistance [22]. Bitto et al (2009) reported that 
the HDL-C level was decreased and LDL-C level was in-
creased significantly in ovariectomised (OVX) rats [1]. 
Hamed et al (2010) reported that the VLDL-C level was in-
creased in ovariectomised female albino rats [26]. Choi et 
al (2009) reported that ovarian hormones exert significant 
control over insulin resistance and cellular lipid homeostasis 
in metabolically active tissues, such as the liver and skeletal 
muscle [22].

Our results also confirmed that olanzpine administration 
to ovariectomized rats showed significant increase in weight 
gain, blood glucose, insulin, total cholesterol, triglycerides, 
LDL-C, VLDL-C, SGOT, SGPT and decrase in HDL-C 
which are consistent with the reports of Coccurello et al 
(2008) who reported that olanzapine 3 and 6 mg/kg signifi-
cantly increases the body weight, glucose, insulin, choles-
terol, triglyceride level during the last 10 days of treatment in 
mice [27]. Del Valle et al (2006) reported that olanzapine de-
creases HDL-C and increases LDL-C level in patients with 
schizophrenia [28]. Sofic et al (2007) reported that olanzap-
ine increases plasma VLDL-C level in patients with psycho-
sis [29]. Sengupta et al (2006) reported that SGOT, SGPT 
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levels were increased in Wistar albino rats when treated with 
olanzapine [30].

Telmisartan did not restore serum estradiol to the normal 
levels, it did attenuate ovariectomy and olanzapine induced 
insulin resistance. Thus, the preventative effect of telmisar-
tan against insulin resistance may be the result of the im-
proving glucose and lipid metabolism through modulation 
of PPARγ.

Telmisartan treatment to ovariectomized rats and ovari-
ectomy + olanzapine group attenuates the development of 
metabolic syndrome, by reducing the body weight and de-
creasing the levels of glucose, insulin, total cholesterol, tri-
glycerides, LDL-C, VLDL-C, SGOT, SGPT and increased 
levels of HDL-C in blood in the present study. Our results 
are consistent with the reports of Kakuma et al (2010), who 
reported that telmisartan reduces the body weight, triglyc-
eride, and improve HDL-C, glucose and lipid metabolism 
with the reduction in visceral fat mass in patients with type-2 
diabetes and metabolic syndrome [13]. Makitha et al (2008) 
reported that telmisartan reduces cholesterol level in hy-
pertensive patients with glucose intolerance [31]. Rizos et 
al (2008), who reported that telmisartan decreases LDL-C 
level in patients with the metabolic syndrome [14]. Goyal 
et al (2008), who reported that telmisartan reduces VLDL-C 
level in diabetic rats [32]. Clemenz et al (2008) reported that 
telmisartan restores impaired SGOT, SGPT levels to normal 
level [33].

The fat accumulation in the liver is associated with in-
sulin resistance, which can progress to diabetes [34]. Our 
results showed that ovariectomy and olanzapine induced an 
insulin resistance and a tendency to an increase in hepatic 
fat deposit. However, telmisartan improved the ovariectomy 
and olanzapine induced fatty changes by improving glucose 
and lipid metabolism.

Strength of our study was the effects of telmisartan on 
metabolic syndrome were done only in normal rats till now. 
But there was no such studies done by using telmisartan on 
olanzapine induced metabolic syndrome in ovariectomized 
rats. Our study is the first report to study the effect of telmis-
artan on olanzapine induced metabolic syndrome in ovariec-
tomized female Sprague-Dawley rats.

The limitation of our study includes that we might have 
evaluated the blood pressure because blood pressure is the 
one of the important component for the diagnosis of meta-
bolic syndrome [35]. Patil et al (2006) reported that chronic 
treatment with olanzapine (1 and 2 mg/kg) elevates systolic 
blood pressure in normal rats [10]. Derosa et al (2004) re-
ported that telmisartan reduces blood pressure in patients 
with type-2 diabetes mellitus and mild hypertension [12].

Telmisartan may also protect occurrence of nephropathy 
in diabetes patients so we suggested that further studies may 
be carried out in this direction.

This preliminary investigation revealed that telmisartan 
decreased the levels of glucose, insulin, total cholesterol, 

triglycerides, LDL-C, VLDL-C, SGOT, SGPT and also 
showed significant increase in the reduced levels of HDL-C 
by telmisartan on olanzapine induced metabolic syndrome in 
ovariectomized female Sprague-Dawley rats. Thus telmisar-
tan may attenuate metabolic syndrome and modulate glucose 
and lipid metabolism by activating peroxisome proliferator-
activated receptor gamma (PPARγ).

Conclusion

Telmisartan attenuate the development of metabolic syn-
drome induced by olanzapine in ovariectomized female 
Sprague-Dawley rats. Therefore our study recommended 
that telmisartan may be used for the treatment of metabolic 
syndrome in schizophrenic menopausal women treated with 
olanzapine after proving its effects in humans with well con-
trolled clinical trials.
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