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A    B    S    T   R   A   C   T
Background: Non-alcoholic fatty liver disease (NAFLD) is an increasingly recognized condition that 
may progress to end stage liver cell failure. There is as yet no clearly established therapy for prevention or 
treatment of NAFLD. Telmisartan, an angiotensin II receptor blockers and partial agonist on peroxisome 
proliferative activated receptor-gamma (PPAR-γ), showed a promising protective effect in NAFLD. 
Aim: The present study explored the mechanism(s) of the protective effect of telmisartan on NAFLD with a 
focus on the role of the proinflammatory enzymes: induced nitric oxide synthase (iNOS) and cyclooxygenase-2 
(COX-2). 
Methods: Adult male Wistar rats were assigned into three groups and treated for 8 weeks as follow: group 
1 fed normal diet and served as normal control group; group 2 fed high cholesterol diet; group 3 fed high 
cholesterol diet plus telmisartan.
Results: Administration of telmisartan in cholesterol-fed rats attenuated the development of NAFLD as 
evidenced by significant decrease in liver index and confirmed by histopathological examination. The effect 
of telmisartan was accompanied with significant decrease in hepatic tissue expression of the proinflammatory 
enzymes: iNOS and COX-2. 
Conclusion: Telmisartan inhibited the proinflammatory mediators, iNOS and COX-2, reported to be involved 
in the progression of NAFLD indicating that telmisartan might serve as a potential therapy for NAFLD.
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1. INTRodUCTIoN

Non-alcoholic fatty liver disease (NAFLD) describes 
a spectrum of liver clinicopathological changes extending 
from simple steatosis through non-alcoholic steatohepatitis 
(NASH) to fibrosis (Farrell and Larter, 2006). It is the most 
common cause of chronic liver injury worldwide. It has 
been documented in 10 to 15 percent of normal individuals 
and 70 to 80 percent of obese individuals (Bellentani et al. 
2000).

It was initially believed that NAFLD is a completely 
benign disorder; but histological follow-up studies 
showed that progression to fibrosis occurs in about one 
third of patients (Bellentani et al. 2000). However, the 
mechanisms that mediate the transition from steatosis to 
NASH and to fibrosis remain unknown. Several mediators 
and mechanisms have been suggested. The most recent 
prevailing concept is “multiple-hit” hypothesis (McCllough, 
2006). The starting point is insulin resistance that leads to a 
reversible accumulation of fat in hepatocytes (Chitturi et al., 
2006), followed by oxidative stress and upregulation of pro-

inflammatory mediators that activate inflammatory pathway 
(Anstee et al. 2006).

Low grade inflammation was suggested as a leading 
cause for conversion of NAFLD from simple steatosis to 
statohepatitis and cirrhosis (Tipoe et al. 2009). Among the 
pro-inflammatory mediators that had been upregulated 
in NAFLD are induced nitric oxide synthase (iNOS) and 
cyclooxygenase-2 (COX-2) (Hsieh et al. 2009; Tipoe et al. 
2009). Both iNOS and COX-2 are inducible mediators in the 
pathogenesis of many inflammatory diseases (Majano et al. 
1998; Pata et al. 2003; Koeppel et al. 2007). 

Several therapies, including diet and antioxidants have 
been tried to treat patients with NAFLD (Fan et al. 2003; 
Miele et al. 2006). However, no satisfying drug therapy has 
been established for NAFLD as yet. Recently, angiotensin 
II, the principle effector of the renin-angiotensin system, 
has been reported to have a crucial role in pathogenesis of 
hepatic steatosis and hepatic fibrosis (Yoshiji et al. 2001; 
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Sugimoto et al. 2006; Georgescu, 2008; Nabeshima et al. 
2009). The action of angiotensin II is mainly mediated by 
the angiotensin II type 1 receptor (AT1), which is expressed 
in hepatic stellate cells (Bataller, et al. 2003). Hence, 
drugs that modulate the effect of angiotensin II represent 
possible targets for treatment of NAFLD. Telmisartan is 
distinguished among other members of angiotensin II type 
1 receptor blockers (ARBs) by its partial agonistic activity 
on peroxisome proliferative activated receptor-gamma 
(PPAR-γ) which is known to have anti-inflammatory, anti-
oxidant and adipocyte differentiating effects (Yamagishi and  
Takeuchi, 2005). Recent studies reported that telmisartan 
controlled the development of NAFLD (Sugimoto et al. 
2006; Fujita et al. 2007).   

The promising initial results of telmisartan in prevention 
of NAFLD justified further experiments to explore its 
mechanism of action. Our study investigated the effect 
of telmisartan on the series of events involved in the 
pathogenesis of NAFLD. The study is the first that addressed 
the effect of telmisartan on the proinflammatory enzymes: 
iNOS and COX-2.

2. MATERIAlS ANd METHodS                                                  

2.1. Materials:
Telmisartan was obtained from Boehringer Ingelheim, 

International (GmbH, Germany); Cholesterol was obtained 
from sigma chemical (St Louis, MO, USA); Triglyceride, 
Malondialdehyde and ALT kits were obtained from 
Biodiagnostic (Cairo, Egypt);. Epitope specific rabbit 
antibodies to iNOS and COX-2 were purchased from Thermo 
Fisher Scientific Anatomical Pathology (CA, USA) and 
other chemicals were obtained from EL-Gomhoria company 
(Cairo, Egypt).

2.2. Animals:
Adult male Wistar rats weighing 140-150 g were obtained 

from animal house (Faculty of Medicine, Minia University). 
They were housed in controlled environment and allowed 
free access to standard laboratory chow (El-Nasr Company, 
Abou-Zaabal, Cairo, Egypt) and water. All experimental 
protocols were approved by the ethics committee of Minia 
University. 

2.3. Experimental protocol:
After acclimatization for 1 week, the rats were assigned 

into three experimental groups, 7 rats each and treated for 
8 weeks as follow: Group-1: Fed normal diet, received 
physiological saline and served as normal control group; 
group-2: Fed 2%-cholesterol diet, received physiological 
saline and served as high cholesterol (positive control) group; 
group-3: Fed 2% cholesterol diet and received telmisartan     
(5 mg/kg/day) by gavage. Administartion of telmisartan was 
started from the first day of the experiment and continued for 
8 weeks. The doses and schedules of the study were chosen 
according to our preliminary study and in consistence with 
previous reports (Ping et al., 2006; Fujita et al. 2007; In Suk 
et al. 2007; Zheng et al. 2008). All experimental protocols 
wer approved by the ethical committee of The Faculty of 
Medicine, Minia University.

At the end of the experimental period, rats were 
anesthetized by inhalation of ether and blood samples 
were collected from abdominal aorta and processed for 
biochemical measurements. Then, rats were sacrificed and 
their livers were rapidly collected, blotted dry, weighed and 
divided into 2 parts. One part was put in 10% formalin for 
histopathological examination and immunohistochemical 
assay of iNOS and COX-2. The second part was kept at 
-70°C and used for biochemical measurements.

2.4. Measurement of liver index:
Liver index was calculated from the equation: (liver 

weight/body weight) ×100 (Ping et al., 2006). 

2.5. Biochemical measurements:
2.5.1. Serum levels of alanine amine transferasenase 
(AlT):

Serum level of ALT was measured using biochemistry 
automatic analyzer (Hitachi7600).

2.5.2. liver tissue content of triglycerides:
Triglyceride was assayed in hepatic tissue using 

commercially available kits after lipid extraction as described 
by (Folch et al. 1957). 

2.5.3. liver tissue content of lipid peroxidation products: 
malondialdehyde (MdA):

MDA was determined using a commercially available kit 
according to the manufacturer instructions.

2.5.4. liver tissue content of No:
Liver tissue content of NO was measured as total nitrite 

(NOx), the stable degradation products of NO, after reduction 
of nitrate to nitrite by copper-cadmium alloy and measuring 
total nitrite (nitrite + nitrate) using Griess Reagent (Green                
et al. 1982).  

2.6. Histopathological examination:
For the histological study, rat liver specimens were taken 

5 mm away from the edge of the largest hepatic lobe, fixed 
with 10% formaldehyde; embedded in paraffin wax, stained 
with hematoxylin and eosin (HE) and then observed under the 
light microscope. Masson’s trichrome staining was applied to 
detect collagen as an index for fibrosis in the lesions. Fibrosis 
was scored according to the following scoring: 1 = thickened 
perivenular collagen and a few thin collagen septa; 2 = thin 
septa with incomplete bridging between portal regions;                                                                                                             
3 = thin septa and extensive bridging; 4 = thickened septa with 
complete bridging of portal regions and a nodular appearance 
(Rivera et al., 2001). The severity of liver steatosis (the % of 
liver cells containing fat) was assessed as follow: 1+, ≤ 25% 
of cells; 2+, 26-50% of cells; 3+, 51-75%; 4+, > 75% of cells 
(Nanji et al. 2001). Inflammation was scored as the number 
of inflammatory cells per square millimeter. At least three 
different sections were examined per sample of liver. The 
pathologist was unaware of the treatment protocol. 

2.7. Immunohistochemical examination
For immunohistochemical examination, five μm thick 

sections were prepared from different animal groups. 
Immunohistochemistry was performed as previously 
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described. 26 Sections were deparaffinized, rehydrated and 
endogenous peroxidase activity was blocked with H2O2/
methanol. Sections were pre-treated in citrate buffer (pH 6.0) in 
microwave. Sections were incubated at room temperature with 
monoclonal anti iNOS and anti COX-2 antibodies for 40 min. 
Semiquantitative immunohistochemical assay of iNOS and 
COX-2 was performed. The number of positive expressive cells 
was calculated as percentage of total cells (Ibrahim et al. 2009). 

2.8. Statistical Analysis of the data
Data are shown as mean ± S.E.M. The results were 

analyzed by one way analysis of variant (ANOVA) followed 
by t-test or turkey test with P < 0.05 selected as the criterion 
for statistical significance. 

3. RESUlTS                                                                                            

3.1. Effect of telmisartan on liver index: 
Liver index was significantly increased in cholesterol-fed 

group compared with normal control group. In telmisartan-
treated group, liver index was significantly decreased 
compared with cholesterol-fed group (Table 1).

3.2. Effect of telmisartan on serum AlTP:
There was significant elevation of serum ALT in 

cholesterol-fed group compared with normal control group. 
Both AST and ALT activities were decreased to normal 
values in telmisartan-treated group (Table 1). 

3.3. Effect of telmisartan on liver triglycerides:
Liver contents of triglycerides were significantly 

increased in cholesterol-fed group compared with the control 

value. Administration of telmisartan resulted in significantl 
decease in liver triglycerides compared with either control 
or cholesterol-fed groups (33.6% and 59.2% below normal 
control and cholesterol-fed values, respectively) (Table 1).

3.4. Effect of telmisartan on liver content of MdA:
MDA in the livers of animals fed cholesterol diet was 

significantly higher than animals fed normal control diet. 
Treatment with telmisartan significantly decreased MDA to 
normal values (Table 1) 

3.5. Effect of telmisartan on liver No:
NO in the liver tissues of cholesterol-fed group was 

significantly higher than normal control group. Treatment 
with telmisartan significantly decreased NO (Table 1) 

3.6. Effect of telmisartan on histopathological changes:
In the cholesterol-fed group, there was significant 

increase in microvesicular steatosis, inflammatory cells 
and fibrosis. The degree of hepatic steatosis, inflammation 
and fibrosis were significantly decreased by 72.7%, 87.1, 
61.4, respectively, in telmisartan-treated group compared to 
cholesterol-fed group (Figure 1, 2 and Table 2). 

3.7. Effect of telmisartan on liver tissue expression of 
iNoS and CoX-2

Hepatic tissue expression of iNOS and COX-2 was 
increased in cholesterol-fed group compared with normal 
control group. Administration of telmisartan significantly 
decreased expression of iNOS. and COX-2 expression by 
58.3 % and 72.4%, respectively, compared with cholesterol-
fed group (Figure 3, 4 and Table 3).

Figure 1: Effect of telmisartan on histopathological changes. Photomicrograph of the liver tissue (H&E 100x). (A) represents a section from 
control group with normal liver tissue, (B) a section from 2% cholesterol-fed group shows steatohepatitis after 8 weeks of 2% cholesterol diet, 
hepatocytes showing vacuolated cytoplasm and eccentric nuclei, notice  inflammatory cell Infiltration, (C) a section from telmisartan-treated 
group shows liver tissue back to nearly normal appearance in telmisartan treatment rats. 
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Figure 2: Effect of telmisartan on fibrotic changes.
Photomicrograph of  Masson trichrome staining for collagen fibers in hepatic tissue .(A) represents a section from control group shows normal liver 
tissue with collagen fibers green in color around the portal tract (arrow) and around blood  sinusoids (arrow head), (B) 2% cholesterol fed group shows 
increase expression of collagen after development of liver steatosis, especially around hepatocytes (green arrow) and around blood sinusoids (asterisk), (C) 
telmisartan-treated group shows collagen with almost normal pattern of distribution within the liver tissue.

Figure 3: Effect of telmisartan on iNOS immunostaining expression in hepatic tissue. Photomicrograpgh of immunohistochemical  staining for 
iNOS. It shows (A) control group: Normal liver tissue with low cytoplasmic expression of iNOS in the hepatocytes away from central venule  
(arrow), (B) 2% cholesterol-fed group: Enhanced expression expression of iNOS after development of liver steatosis, notice the positive signals 
in all hepatocytes (arrow head), (C) telmisartan-treated group: Down regulation  of iNOS expression after telmesartan treatment.
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4. dISCUSSIoN                                                                                     

Excessive accumulation of triglycerides in hepatocytes, 
followed by lipid peroxidation and release of inflammatory 
mediators are potential players in the pathogenesis of liver 
injury in NAFLD (Bellentani et al., 2000; Farrel et al. 2006).

The present study investigated the effect of telmisartan 
on the multiple steps involved in the pathogenesis of 
NAFLD. The study demonstrated that, 2%-cholesterol diet 
successfully induced steatohepatitis as evidenced physically 
by significant increase in liver weigh/body weight ratio 
(liver index) and confirmed histopathologically by increased 
deposition of fat droplets in hepatocytes, inflammatory 
cell infiltration and expression of collagen. Administration 
of telmisartan significantly attenuated both physical and 
histopathological evidences of steatohepatitis. A similar 
finding has been reported (Fan et al. 2003; Benson et al. 
2004; Schupp et al. 2005; Fujita et al. 2007). 

ALT is a useful screening test for detecting liver injury 
(Hennes et al. 1990). When the hepatocyte is injured, plasma 
membrane is disrupted and the leakage through extracellular 
fluid of the enzyme occurs where they can be detected at 
abnormal levels in the serum. Our results showed that high 
cholesterol diet elevated serum ALT level. Similar finding 
has been reported (George et al. 2003). Rats receiving 
telmisartan showed almost normalization of serum ALT. 

In a trial to explore the mechanism of the protective 
effect of telmisartan, we measured hepatic tissue contents of 
triglycerides, lipid peroxidation product (MDA), NO and the 
proinflammatory enzymes: iNOS and COX-2. 

High cholesterol diet led to a significant increase in 
triglycerides in liver tissues compared with normal control 
group. It has been reported that the increase in hepatic 
trglycerides was due to failure of the liver to synthesize 
apolipoprotein required for packaging and exporting fat 

Figure 4: Effect of telmisartan on COX-2 immunostaining expression in hepatic tissue. Photomicrograph of immunohistochemical  staining 
for COX-2. It shows (A) Control group: Normal liver tissue with low cytoplasmic expression of Cox-2 in the endothelial cells (arrow), (B) 
2% cholesterol-fed group: Increased expression of cox-2 after development of liver steatosis, positive signals are extended to Kupffer cells 
(arrowhead) as well as endothelial cells (asterisk), (C) telmisartan-treated group: Down regulation of Cox-2 expression after Telmisartan 
treatment.

Table 1: Effect of telmisartan on liver index, serum ALT and liver tissue contents of triglycerides, MDA and NO.

liver index
 (g/g %)

Serum AlT
(U/l)

liver TG 
(mg/g tissue)

liver MdA
(μM/g tissue)  

liver Nox 
(μM/g)

Control 2.3 ± 0.1  43.2 ± 2.7 12.8 ± 2.1  7.6 ± 0.7 53. 7 ± 2.4

Choles-fed  2.7 ± 0.1a 254.8 ± 12a   20.8± 3.6a 16.5 ± a1.9   95.7 ± 6.1a 

Telm-Tr.   2.1 ± 0.1ab 47.8b ± 4.7         8.50 ± ab  (1.09)     10.34 ± b (1.04)    61.0 ± 2.4 b 

Values are the mean ± SEM (number = 7 rats in each group). a P < 0.05) compared with control group, b P < 0.05 compared with cholesterol-fed group.
Choles-fed, cholesterol-fed; Telm-Tr, telmisartan-treated; ALT, alanine transferase; TG, triglycerides; TG, triglycerides; MDA, malondialdehyde; NOx, 
total nitrite.



6

Molecular Mechanisms Underlying the Protective Effect of Telmisartan

from the liver thus accumulates triglycerides in the liver 
(Thong-Ngam et al. 2007). In telmisartan-treated rats, there 
was a significant decrease in liver triglycerides. Similar 
findings had been reported (Adaramoye et al. 2005; 
Yokozawa et al. 2006). Reduction of the hepatic triglyceride 
biosynthesis and redistribution of cholesterol among the 
lipoprotein molecules are the suggested mechanisms of 
the triglyceride lowering effect of telmisartan (Fujita et al. 
2007). Due to its structural resemblance to pioglitazone, 
telmisartan influences the expression of PPAR-γ target 
genes that are involved in the metabolism of carbohydrates 
and lipids as well as in inflammation (Fujita et al. 2007). 
Previous studies showed that telmisartan decreased 
hepatic triglyceride accumulation and circulating lipid 
concentrations through its modulation of PPAR receptors. 
Hepatic PPAR-α activation may provide an explanation 
for telmisartan’s antidyslipidemic actions observed in 
recent clinical trials. PPAR-γ activation by telmisartan 
exerts selective recruitment of nuclear factors resulting in 
insulin sensitization. Decreased availability of precursor 
substrates, including free fatty acids and glucose, 
diminishes hepatic synthesis and export of esterified lipids 
and caused a decrease in hepatic triglyceride accumulation 
and circulating lipid concentrations (Clemenz et al., 2008; 
Rong et al., 2008). Moreover, Zanchi et al., reported that 
telmisartan prevented the glitazone-induced weight gain 
via decreasing the food consumption (Zanchi et al. 2007). 
In our study, telmisartan decreased the body weight by 5.9% 
and 19.4% compared with normal control and cholesterol-
fed groups, respectively (data not shown). The multiple 
effects of telmisartan that include insulin sensitization, 
antidyslipidemia and decreased body weight explains, 
at least partially, why telmisartan decreased liver tissue 
content of TG even below the values of normal control 
group.

Lipid peroxidation serves as a marker of cellular 
oxidative stress and had long been recognized as a major 
causative factor of oxidative damage in chronic diseases 
(In Suke et al. 2007). Our results showed that telmisartan 
significantly reduced MDA in liver tissues. Previous studies 
suggested that telmisartan has a lipid peroxidation chain-
breaking antioxidant effect (Yamagishi and Takeuchi 2005).

NO is produced from L-arginine by one of three NO 
synthases (NOS) enzymes: Two constitutive; neuronal type 
(nNOS: Type 1 [NOS-1]) and or endothelial type (eNOS; 
type 3 [NOS-3]) and one inducible (iNOS: Type 2 [NOS-2]) 
(Knowles and Moncada 1994). NO is a multifunctional 
molecule and its role in liver injury is an issue of debate 
(Reiss and Komatsu 1998). In the present study, induction of 
NAFLD in rats was accompanied with significant elevation 
of NO content in liver tissues. Telmisartan significantly 
reduced NO content in liver tissue that might be due to 
its antioxidant effect (Yamagishi et al. 2005). Emerging 
evidence shows that NO regulates fatty acids metabolism in 
mammals. At physiological levels, NO enhances lipolysis 
in and inhibits synthesis of fat in target tissues (e.g., liver 
and adipose tissue). However, at pathological levels, NO 
inhibits nearly all enzyme-catalyzed reactions through 
protein oxidation (Jobgen et al. 2006).

Our results showed significant increase in the expression 
of iNOS and COX-2 in liver tissues of cholesterol-fed 
group. Previous studies reported that the presence of 
necroinflammation necroinflammation in fatty liver was 
accompanied by a significant increase in COX-2 and iNOS 
(Tipoe et al. 2009; Wan et al. 2000). A recent study showed 
that overexpression of iNOS and COX-2 in fatty liver was 
due to increase in lipid peroxidation, interleukin-2 and tumor 
necrosis factor-α (Yuan et al. 2006). 

For the first time, the current study showed that telmisartan 
significantly attenuated overexpression of iNOS and COX-2 
in hepatic tissue in NAFLD. In link with our finding, it has 
been reported that telmisartan reduced COX-2 expression in 
renal tissue in danorubicin-induced nephrotoxicity (Arozal  
et al. 2010) Similarly, in our previous study we have found 
that the protective effect of telmisartan in doxorubicin-
induced nephrotoxicity and cardiotoxicity was accompanied 
with significant decrease in iNOS expression in both cardiac 
and renal tissues (Ibrahim et al., 2009). 

5. CoNClUSIoN                                                                                         

In addition to its effect on triglyceride and lipid 
peroxidation; telmisartan protected against the progression 
of NAFLD in rats via decreasing the expression of iNOS 
and COX-2 in hepatic tissue. These finding suggest that 
telmisartan might serve as a potential therapy for NAFLD.  
However, clinical studies are recommended to confirm its 
effect in human. 
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