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Abstract
Obesity is a key risk factor for many diseases, as cardiovascular disorders, diabetes, infertility, osteoarthritis, sleep apnea, 
non-alcoholic fatty liver disease (NAFLD) as well as increased risk for many cancers. Telmisartan and Candesartan cilexetil 
are angiotensin II receptor blockers which had proven to involve in pathogenesis of obesity and NAFLD. Aims: This work is 
designed to explore the possible mitigated effects of Telmisartan and Candesartan cilexetil on weight gain and fatty liver in 
high fat diet (HFD) fed rats. Main methods: The HFD rat model was achieved with induction of NAFLD. For Seven weeks 
either telmisartan or candesartan were orally administered at doses of 5 and 10 mg/kg respectively once daily. The effects 
of both drugs were evaluated by measurements of rat’s body weight, food intakes, length, body mass index (BMI), liver 
weight, inguinal and interscapular fat weights. In addition, we assayed lipid profile, liver functions tests, serum inflammatory 
cytokines, adipokine and leptin. Lastly, liver and adipose tissue histopathological structures were evaluated. Key findings: at 
end of experiment, telmisartan and candesartan were highly effective in decreasing rat’s body weight from (213.1±2.68 to 
191.2±2.54 and 203.5±5.89 gm , respectively), BMI, liver weight, fat weights in addition reduced serum levels of lipid and 
liver enzymes. Also, inflammatory cytokines were reduced with repaired histopathological insults in liver by significantly 
damped NAFLD score from (6.5 ±0.17 to 1±0 and 4 ±0, respectively) and decreased areas of adipocytes from (21239.12 to 
5355.7 and 11607.1 um2 , respectively). Significance: Telmisartan and candesartan have therapeutic potential against obesity 
and NAFLD induced by HFD in rats. All the previous indices showed more improvement in telmisartan than candesartan 
group.
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Introduction

Obesity has reached epidemic proportions in the past few 
years. Marked changes in food environment, in agricultural 
policies, physical activity, diet and sleep patterns have all 
contributed to the increase in the obesity epidemic (M. 
Ellulu et al. 2014). Obesity is a key risk factor for many 
diseases, including cardiovascular disorders, diabetes, 

infertility, osteoarthritis, sleep apnea and non-alcoholic 
fatty liver disease (NAFLD) as well as increased risk for 
many cancers of different anatomic sites (Lauby-Secretan 
et al. 2016). Adipocyte hypertrophy associated with obesity, 
leads to increased production of several Pro-inflammatory 
adipokines, chemokines and cytokines that triggers local 
and systemic inflammation on many organs (Hosogai et al. 
2007).

NAFLD is considered one of the most serious obesity 
complications (M. S. Ellulu et al. 2017). Obesity increases 
triglycerides (TGs) levels and accumulates in liver leading 
to steatosis. With more fat accumulation, toxic byproducts 
of lipid peroxidation and oxidative stress associated with 
increased fat deposition in the liver, lipotoxins and inflam-
mation leads to steatohepatitis. With prolonged inflammation, 
death of hepatocytes with collagen deposition and fibrosis 
lead to cirrhosis which is irreversible (Kořínková et al. 2020).

 *	 Heba A. Hassan 
	 HAHanafi@medicine.zu.edu.eg; 

drhebahassanpharma58@gmail.com

1	 Clinical Pharmacology Department, Faculty of Medicine, 
Zagazig University, Zagazig 44519, Egypt

2	 Department of Pharmacology, Faculty of Medicine, Mutah 
University, P.O. Box 7, Al‑Karak 61710, Jordan

http://crossmark.crossref.org/dialog/?doi=10.1007/s00210-023-02771-4&domain=pdf


2360	 Naunyn-Schmiedeberg's Archives of Pharmacology (2024) 397:2359–2378

1 3

Adult human fat tissues include the known white 
adipose tissue (WAT) storing lipids, the transition brite 
(beige) adipocyte and brown adipose tissue (BAT) respon-
sible for adaptive or non-shivering thermogenesis (NST) 
and burning of fat (Rosenwald and Wolfrum 2014). BAT 
is rich in mitochondria, so it is metabolically active; con-
tains uncoupling protein 1 (UCP1) which is a protein pre-
sent in the inner side of mitochondrial membrane, acting 
through lowering the production of ATP from ADP with 
subsequent heat production (Bartelt and Heeren 2014). 
So, increasing EE by induction of BAT thermogenesis is 
considered a promising line against obesity (Rosenwald 
and Wolfrum 2014).

The renin-angiotensin system (RAS) is included in 
the regulation of many systems as well as regulation of 
body fat. Functioning RAS has been found in adipose 
tissue (Rawish et al. 2020). Peroxisome proliferator-acti-
vated receptor gamma (PPAR-γ) is essential for mature 
brown adipocytes to maintain the thermogenic capacity 
(Lasar et al. 2018).

Telmisartan is an angiotensin II receptor blocker. In addi-
tion to blocking the renin angiotensin system, telmisartan 
acts as a selective modulator of PPAR-γ, a central regula-
tor of insulin and glucose metabolism (Benson et al. 2004). 
Candesartan cilexetil is another non-peptide angiotensin II 
receptor antagonist, that blocks the vasoconstrictor effects 
of angiotensin II by selectively blocking the binding of angi-
otensin II to the AT1 receptor in many tissues (Meredith 
2007).

This study highlighted for the first time the anti-obesity 
effects of both telmisartan and candesartan and their associ-
ated hepato-protective potential against NAFLD. To test our 
hypothesis, we investigate the possible effects of telmisar-
tan and candesartan on UCP-1, PGC1α expression, WAT 
Arg-1 and we try to explore the possibly involved signaling 
cascades.

Material and methods

Drugs

Candesartan cilexetil was purchased (Candalkan® tablets, 
each tablet contains 8 mg, Future Pharmaceutical Industries, 
Badr city, Egypt), Telmisartan (Micardis® tablets, each tab-
let contains 40 mg, Boehringer Ingelheim, Germany) and 
normal Saline 0.9% solution (E.I.P.I. Com, Egypt).

Animals

Forty male albino rats, at age of six weeks weighing 100-130 
g, were purchased from Zagazig farm rats, housed in care of 
laboratory animal house in the Faculty of Medicine, Zagazig 
University, Sharkia, Egypt. Animals were housed in individ-
ual stainless-steel wire mesh cages and kept in a regulated 
environment (25±1°C, 50±2% humidity), with 12 h light/
dark cycles. The procedures in this experimental study were 
performed according to the National Guidelines for the Care 
and Use of Laboratory Animals and approved by the Institu-
tional Animal Care and Use Committee, Zagazig university 
(ZU-IACUC) with approval no (ZU-IACUC/3/F/159/2021), 
Duration of approval (27-10-2021) to (27-10-2024).

Experimental design

 Animals grouping Fig. 1

After acclimation for 1 week, rats were weighed and ran-
domly assigned to one of four groups, (n=10) in each group.

1.	 Control group (I): rats were fed on normal basal diet as 
described in Table 1.

Fig. 1   Eexperimental protocol 
showing four groups. Group 
(Ι) normal control. Group (II) 
feed on HFD. Group (III) Rats 
received telmisartan 5 mg/kg 
once/day orally + HFD. Group 
(IV) Rats received candesartan 
10 mg/kg once/day orally + 
HFD. HFD: high fat diet
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2.	 HFD group (II): rats were fed on HFD as described in 
Table 1.

3.	 Telmisartan group (III): rats were fed on HFD and were 
received daily oral telmisartan 5 mg/kg (Michael L 
Mathai et al. 2011).

4.	 Candesartan group (IV): rats were fed on HFD were 
received daily oral candesartan 10mg/kg d for 7 weeks 
(Michael L Mathai et al. 2011).

Normal group was fed on normal diet as in Table 1 and 
HFD group was fed on HFD as in Table 1 daily for 7 weeks. 
Both telmisartan group and candesartan group were fed on 
HFD with co-administration of 5mg/kg/d and 10 mg/kg/d, 
respectively daily for 7 weeks.

Induction of obesity, NFLD and drugs administrations

HFD group was fed on HFD as in Table 1 daily for 7 weeks. 
Both telmisartan group and candesartan group were fed on 
HFD with co-administration of 5mg/kg/d and 10 mg/kg/d, 
respectively daily for 7 weeks. Oral administrations of tel-
misartan and Candesartan were given once daily by oral gav-
age in a volume does not exceed 0.3 ml/100 gm for 7 weeks.

Measurement of animals’ body weights and food intakes

Body weights and food intake of animals were measured 
at end of 1st, 3rd and 7th weeks. Additionally, at the end of 
experiment, rats were fastened for 12 hours. Both body 
weight and length for each individual animal were measured.

Collection and preparation of blood and tissue samples

Rats were anesthetized by pentobarbital 60 mg/kg/i.p then 
blood samples collected from retro-orbital plexus (Leal 
Filho et al. 2005). Blood samples were centrifuged at 3000 
rpm for 10 minutes to get clear serum to be stored rapidly 

at ˗ 80°c for biochemical evaluations for hepatic enzymes 
including (ALT, AST and ALP) lipid profile (total choles-
terol, triglycerides, LDL, HDL and VLDL cholesterol) and 
cytokines including (adiponectin and leptin).

Livers, inguinal and interscapular fat samples were 
excised and rinsed thoroughly with saline then weighted, 
each organ was divided into two equal parts, one part was 
preserved in formalin 10% for histopathological examina-
tion and other part was rapidly frozen by at ˗80°c, for later 
biochemical analyses.

Hepatic and WAT biochemical measurements

We subjected liver and WAT tissues to estimate Tumor 
necrosis factor alpha (TNFα) and Mitogen-activated pro-
tein kinase (AMPK). In addition, we assayed the levels of 
uncoupling protein-1 (UCP-1), Arginase-1 (Arg-1) and 
Brain derived neurotropic factor (BDNF) in inguinal WAT.

Biochemical analyses

Estimation of serum levels of Alanine Aminotransferase 
(ALT), Aspartate Aminotransferase (AST) and alkaline 
phosphatase (ALP)

Serum ALT, AST and ALP were measured according to 
(Wang et al. 2012; Almo et al. 1994; Szasz 1969) , respec-
tively and expressed as U/L. Using assay kits supplied by 
MyBiosource, UK (Rat Aspartate aminotransferase ELISA 
Kit, catalogue no MBS269614, Rat Aspartate aminotrans-
ferase ELISA Kit, catalogue no MBS264975 and Rat Alka-
line Phosphatase ELISA Kit, Catalogue No MBS2509314)

Estimation of serum levels of total cholesterol (TC), high 
density lipoprotein (HDL), low density, very low density 
lipoproteins (LDL/VLDL) and Triglycerides levels (TGs)

Serum levels of TC, HDL and LDL/VLDL cholesterol in 
serum were detected by the method of Fossati and Prencipe, 
1982. Using kits supplied by CELL BIOLABS, INC., USA 
(Quantitative Colorimetric Determination method of Cho-
lesterol, catalogue no STA-391). TG levels were detected 
according to the method described by Bucolo and David. 
1973. Using kits supplied by CELL BIOLABS, INC., USA 
(colorimetric determination of serum triglycerides, Cata-
logue no STA-396).

Estimation of the serum levels of adipokines [leptin (LEP) 
and adiponectin (ADP)]

Serum leptin and adiponectin were measured according to 
the methods of Iwase et al. 2000 and Caselli et al. 2010, 
respectively. Using kits supplied by CUSABIO, USA (Rat 

Table 1   Composition of both basal and high fat diets (HFD)

Ingredients Basal Diet Chemical 
Composition

HFD chemi-
cal composi-
tion

Protein 17 16.68
Fat 4.9 31.59
Carbohydrate 68.16 51.73
Choline chloride 2
Vitamin mixture 1
Salt mixture 3.5
Fiber 3.44
Total 100 100
Total calories 343 kcal/day 481 kcal/day



2362	 Naunyn-Schmiedeberg's Archives of Pharmacology (2024) 397:2359–2378

1 3

Leptin ELISA Kit, Catalog Number CSB-E07433r and Rat 
Adiponectin ELISA Kit, Catalog Number CSB-E07271r).

Determination of the levels of inflammatory marker Tumor 
necrosis factor alpha (TNFα) in liver tissue and inguinal WAT​

The levels of TNFα in liver tissue and inguinal WAT were 
assessed according to Kittigul et al. 2000. Using kits sup-
plied by CUSABIO, USA (Rat TNF-α ELISA Kit, Catalog 
Number CSB-E11987r).

Determination of the levels of Mitogen‑activated protein 
kinase (AMPK) in liver tissue and inguinal WAT​

The levels of AMPK in liver tissue and inguinal WAT were 
measured following the method of Tan et al. 2017. Using 
kits supplied by abcam, UK (AMPK alpha pThr172 ELISA 
Kit, catalogue number ab154468).

Determination of the levels of uncoupling protein‑1 
(UCP‑1), Arginase‑1 (Arg‑1) and Brain derived neurotropic 
factor (BDNF) in inguinal WAT​

Estimation of UCP-1, Arg1 and BDNF levels in inguinal 
WAT were measured according to (Arfuso et  al. 2021; 
George et al. 2018; Rabie et al. 2014), respectively. Using 
kits supplied by CUSABIO, USA [UCP1 (Mouse Mito-
chondrial Brown Fat Uncoupling Protein ELISA Kit, Cata-
log Number. CSB-EL025554MO, Rat Arginase 1 (ARG1) 
ELISA Kit, Catalog Number CSB-E17519r and Rat Brain 
derived neurotropic factor (BDNF) ELISA Kit, catalogue 
number CSB-E04504r].

Histological analyses

Liver, inguinal and interscapular adipose tissue specimens 
were taken from the animals after scarification and fixed in 
10% formalin solution, then embedded in paraffin wax. Sec-
tions were cut at 4μm thickness to perform the following.

Hematoxylin and eosin (H&E) stain according to method 
of (Hirsch et al. 1997; Rahn 2001) and then examined 
under the light microscopy for evaluating the severity 
of obesity and NAFLD Histopathology scoring of NAFLD 
was performed using the method described by (Takahashi 
and Fukusato 2014) Table 2

Histological Scoring System for NAFLD: Grade 1 (mild) 
(Steatosis: up to 66%, Ballooning: occasional in zone 3, 
Intralobular inflammation: scattered polymorphs ± lympho-
cytes, Portal inflammation: no or mild), Grade 2 (moderate) 
(Steatosis: any degree, Ballooning: obvious, predominantly 
zone 3, Intralobular inflammation: polymorphs and chronic 
inflammation noted, Portal inflammation: mild to moder-
ate) and Grade 3 (severe) (Steatosis: panacinar, Ballooning: 
ballooning and disarray obvious, predominantly in zone 3, 
Intralobular inflammation: scattered polymorphs ± mild 
chronic inflammation)

Histomorphometry studies

Morphometric examination of adipose tissue was done on 
every rat in each group. After H&E perceptive fields across 
the pictures caught by the light microscope at 400×amplifi-
cation was chosen to quantify the area of adipocyte from10 
rats/group. Furthermore, median values were accounted for 
Image J analysis software (Fiji ImageJ; 1.51 n, NIH, USA) 
used at Human Anatomy and Embryology Department, 
Zagazig University.

Statistical analysis

The obtained results were tabulated as means ± standard 
error of the mean (SEM). Comparison between different 
groups was made using one-way analysis of variances (one-
way ANOVA) followed by post-Hoc (least significant dif-
ference “LSD”) tests. Statistical Package of Social Sciences 
(SPSS) computer software (SPSS v. 28) was used to carry 
out the statistical analysis. P value <0.05 is statistically sig-
nificant. Quantitative data was analyzed using The Kruskal-
Wallis’s test followed by dunns test to detect significant 

Table 2   Histological Scoring 
System for NAFLD (Takahashi 
and Fukusato 2014)

Grade 1 (mild) Steatosis: up to 66%
Ballooning: occasional in zone 3
Intralobular inflammation: scattered polymorphs ± lymphocytes
Portal inflammation: no or mild

Grade 2 (moderate) Steatosis: any degree
Ballooning: obvious, predominantly zone 3
Intralobular inflammation: polymorphs and chronic inflammation noted.
Portal inflammation: mild to moderate

Grade 3 (severe) Steatosis: panacinar
Ballooning: ballooning and disarray obvious, predominantly in zone 3
Intralobular inflammation: scattered polymorphs ± mild chronic inflammation
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between groups. To detect interaction between weight of 
animals or food intakes in relation to time in weeks, we do 
repeat measures a nova test to detect significant in same 
group along with time pass.

Results

Candesartan and telmisartan lower body weight 
(BW) in gram (gm) and food intakes (FI) gram /day 
at the end of 1st, 3rd and 7th week

First for BW, at the end of 1st week, there were no significant 
differences detected between the mean BW of control, HFD, 
telmisartan and candesartan groups. At the end of 3rd week, 
HFD grouped showed a significant increase in the mean BW 
when compared to the control group " (p-value <0.0001) 
Table  3". Telmisartan and candesartan administrations 
caused a significant decrease in the mean BW when com-
pared to the HFD group " (p-value <0.0001, each) Table 3". 
At the end of experiment, telmisartan and candesartan treat-
ment significant reduced the mean BW when compared to 
HFD group " (p-value <0.0001) Table 3. The mean BW of 
telmisartan group was significantly lower when compared to 
control group " (p-value <0.019) Table 3".

For FI, at the end of 1st week, mean FI of HFD group 
was significantly increased compared to control group" 
(p-value <0.009) Table 4". At the end of 3rd week, tel-
misartan and candesartan administration caused a signifi-
cant increase of FI as compared to control group " (p-value 
<0.001, 0.006, respectively) Table 4". The amount of FI 
in telmisartan and candesartan groups showed no sig-
nificant difference when compared to each other’s and to 
HFD group. At the end of experiment, the mean FI of 
telmisartan and candesartan administered groups showed 

a significant decrease when compared to HFD group 
" (p-value <0.0001), each Table 4" with no significant 
difference when compared to each other’s and to control 
group Table 4. 

Anthropometric parameters (body weight gain 
at end of the study, length, and body mass index

•	 Candesartan and telmisartan decrease body weight gain 
(gm) associated with HFD fed rats.

the mean BW of rats fed on basal diet for 7 weeks 
was 213.1±2.68 gm, but with rats that were fed on HFD 
for 7 weeks, their mean BW significantly increased to 
360.9±7.25 gm " (p-value <0.0001) Fig.  2". Interest-
ingly, oral administration of telmisartan and candesartan 
in for 7weeks in HFD rats significantly decreases BW to 
(191.2±2.54 and 203.5±5.89 gm), respectively " (p-value 
<0.0001, each Fig. 2" as compared to HFD group with 
no significant difference to each other" (p-value <0.32, 
Fig. 2". Furthermore, the mean BW of candesartan group 
showed no significant difference in relation to normal con-
trol group, but the BW of telmisartan group showed sig-
nificant difference as compared to normal control group " 
(p-value <0.019) Fig. 2".

•	 Candesartan and telmisartan have no effects on length 
(cm) in HFD fed rats.

The mean length of rats that were fed on basal diet for 7 
weeks was 18.4±0.16 cm. While lengths of rats who were 
fed on HFD alone or telmisartan and candesartan admin-
istration were (18.9±0.31, 18.3±0.15 and 18.3±0.34 cm), 
respectively with no significant difference between all stud-
ied groups "(p-value > 0.05) Fig. 2".

Table 3   Comparison between groups in body weight (BW) in 1st, 3rd, 
and 7th weeks showing a difference in BW with times for each group 
in HFD induced obesity in male albino

-Data of the same week were analyzed by one-way ANOVA and rep-
resent by (Mean ± SE) followed by Tukey's test. Significant differ-
ences when (p<0.05) (a significant against control group, b significant 
against HFD group and c significant against Telmisartan+ HFD)
Abbreviations :(n=number of rats in each group; HFD: high fat diet; 
Wk= week and gm= gram)

Body weight in gram

Time in weeks 1st wk 3rd wk 7th week

Groups (n=10)
Control 127.8±1.28 160.3±3.46 213.1±2.68
HFD 127±0.83 186.1±2.78a 360.9±7.25 a

Telmisartan+ HFD 127.9±0.92 155.4±3.94b 191.2±2.54ab

Candesartan+ HFD 125.5±1.71 163.4±3.33b 203.5±5.89b

Table 4   Comparison between groups in food intake (FI) in 3rd and 7th 
week for each group in HFD induced obesity in male albino rats

-Data of the same week were analyzed by one-way ANOVA and rep-
resented by (Mean ± SE) followed by Tukey's test. Significant differ-
ences when (p<0.05) (a significant against control group, b significant 
against HFD group and c significant against Telmisartan+ HFD)
Abbreviations: (n=number of rats in each group; HFD: high fat diet; 
gm= gram and d: day)

Food intake in g/d

Time in weeks 1st wk 3rd wk 7th wk

Groups (n=10)
Control 200.4 ±0.72 240 ±1.14a 356± 2.77
HFD 211± 3.79 a 255± 2.11a 450± 3.42a

HFD + telmisartan 205 ±1.83 252.7± 2.62a 365 ±2.36b

HFD + candesartan 207 ±1.28 250± 1.83a 360 ±3.5b
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•	 Candesartan and telmisartan reversed the elevated body 
mass index (BMI) (gm/cm2) associated with HFD fed 
rats.

Mean BMI of rats fed on basal diet for 7 weeks was 
0.62±0.01 gm/cm2, but with rats that were fed on HFD for 
7 weeks, their BMI significantly increased to 1.02±0.04 
gm/cm2 " (p-value <0.0001) Fig. 2". Oral administration of 
telmisartan and candesartan for 7weeks in HFD rats signifi-
cantly decreased BMI to (0.59±0.02 and 0.6±0.01 gm/cm2), 
respectively " (p-value <0.0001, each) Fig. 2" as compared 
to HFD group but not significantly different to normal con-
trol group as well as to each other " (p-value >0.05) Fig. 2".

Measurements of liver weights, white (inguinal) 
adipose tissue weights and brown (interscapular) 
adipose tissue weights

•	 Candesartan and telmisartan decrease the high liver 
weight (LW) (gm) associated with HFD fed rats.

Mean LW of rats fed on basal diet for 7 weeks was 
5.7±0.23 gm, but with rats that were fed on HFD for 7 
weeks, LW significantly increased to 12.6±0.5 gm " (p-value 
<0.0001) Fig. 3". Oral administration of telmisartan and 
candesartan for 7weeks in HFD rats significantly decreased 
LW to (6.35±0.22 and 6.45±0.16 gm), respectively " 
(p-value <0.0001), each Fig. 3" as compared to HFD group, 
but not significantly different from normal control group nor 
to each other "(p-value > 0.05) Fig. 2".

•	 Candesartan and telmisartan decrease the high inguinal 
white adipose tissue weight (WAT wt.) (gm) associated 
with HFD fed rats.

Mean WAT weight of rats that were fed on basal diet 
for 7 weeks was 1.97±0.08 gm, but with rats that were fed 
on HFD for 7 weeks WAT wt significantly increased to 
3.64±0.3 gm " (p-value <0.0001) Fig. 3". Oral adminis-
tration of telmisartan for 7weeks in HFD rats significantly 
decreased WAT wt to (1.43±0.06 and 1.6±0.06 gm), respec-
tively " (p-value <0.0001, each) Fig. 3" ass compared to 
both HFD and normal control groups but not significantly 
different to each other " (p-value >0.05) Fig. 2".

•	 Candesartan and telmisartan decrease the increased inter-
scapular adipose tissue weight in (gm) associated with 
HFD fed rats.

Mean interscapular adipose tissue weight of rats fed on 
basal diet for 7 weeks was 2.3±0.2 gm, but with rats that 
were fed on HFD for 7 weeks, interscapular adipose tissue 
weight significantly increased to 2.75±0.1 gm " (p-value 
<0.007) Fig.  3". Oral administration of telmisartan for 
7weeks in HFD rats significantly decreased interscapu-
lar adipose tissue weight to 0.89±0.1 and 0.93±0.05 gm, 
respectively " (p-value <0.0001, each) Fig. 3" as compared 
to both HFD and normal control groups but not significantly 
different to each other " (p-value > 0.9) Fig. 3".

Candesartan and telmisartan repelled the elevated 
serum Levels of total cholesterol TC (mg/dl), TG (mg/
dl), LDL (mg/dl) and VLDL (mg/dl) with increase 
the low serum level of HDL (mg/dl) associated 
with HFD fed rats

Regarding TC serum levels, the mean serum level of TC of 
rats fed on basal diet for 7 weeks was 97.32±0.13 (mg/dl), but 
significantly increased with rats fed on HFD for 7 weeks to 

Fig. 2   Bar chart representing 
the effect of administration of 
single daily oral dose of 5 mg/
kg/d telmisartan and 10 mg/kg/d 
candesartan for 7weeks on rat 
body weight, length and body 
mass index in HFD induced 
obesity in male albino rats. 
Data were analyzed by one-
way ANOVA and represented 
by (Mean ± SE). Significant 
differences when (p<0.05) 
(a significant against control 
group, b significant against HFD 
group and c significant against 
Telmisartan+ HFD). n=10. 
Abbreviations: (n: number of 
rats in each group; BW: body 
weight; gm: gram; L: length; 
BMI: body mass index and cm: 
centimeter)
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366.78±12.4 (mg/dl) " (p-value <0.0001) Fig. 4". Oral admin-
istration of telmisartan and candesartan for 7weeks in HFD 
rats significantly decreased serum TC level to 126.62±3.76 

and 134.49±2.82 (mg/dl), respectively " (p-value <0.0001, 
each) Fig. 4" as compared to HFD. There were no significant 
differences to each other " (p-value > 0.05, each) Fig. 4".

Fig. 3   Bar chart representing the effect of administration of single 
daily oral dose of 5 mg/kg/d telmisartan and 10 mg/kg/d candesar-
tan for 7weeks on liver weight (LW), inguinal white adipose tissue 
weight (WAT wt) and interscapular adipose tissue weight in HFD 
induced obesity in male albino rats. Data were analyzed by one-way 
ANOVA and represented by (Mean ± SE). Significant differences 

when (p<0.05) (a significant against control group, b significant 
against HFD group and c significant against Telmisartan+ HFD). 
n=10. Abbreviations: HFD: high fat diet; n: number of rats in each 
group; LW: liver weight; gm: gram; wt: weight and WAT: white adi-
pose tissue)

Fig. 4   Bar chart representing the effect of administration of single 
daily oral dose of 5 mg/kg/d telmisartan and 10 mg/kg/d candesar-
tan for 7weeks on lipid profile: TC, TG, LDL, VLDL and, HDL in 
HFD induced obesity in male albino rats. Data were analyzed by 
one-way ANOVA and represented by (Mean ± SE). Significant dif-
ferences when (p<0.05) (a significant against control group, b signifi-

cant against HFD group and c significant against Telmisartan+ HFD). 
n=10. Abbreviations: n: number of rats in each group; TC: total cho-
lesterol; TG: triglyceride; HDL: high density lipoprotein; LDL: low 
density lipoprotein; mg: milligram; VLDL: very low-density lipopro-
tein; dl: deciliter)
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The mean serum TG of rats fed on basal diet for 7 
weeks was 60.07±0.13 (mg/dl). Rats that fed on HFD for 
7 weeks, serum level of TG highly significantly increased 
to 378.94±8.91 (mg/dl) " (p-value <0.0001) Fig. 4". Oral 
administration of telmisartan and for 7weeks in HFD rats 
significantly decreased serum TG to (132.09±2.43 and 
144.31±2.32 (mg/dl), respectively " (p-value <0.0001, 
each) Fig. 4" as compared to HFD group but not significantly 
different to each other. Both telmisartan and candesartan 
groups were significantly higher than normal control group 
" (p-value <0.0001, each) Fig. 4".

Mean serum LDL level of rats fed on basal diet for 7 
weeks was 40.45±0.3 (mg/dl), but with rats that were fed 
on HFD for 7 weeks LDL significantly (p-value <0.0001) 
increased to 216.42±7.38 (mg/dl). Oral administration of 
telmisartan and candesartan for 7weeks in HFD rats sig-
nificantly decreased LDL to (68.97±3.44 and 98.57±3.17 
(mg/dl), respectively as compared to HFD group " (p-value 
<0.0001, each) Fig. 4", but significantly still higher than 
normal control group " (p-value <0.0001, each) Fig. 4". Tel-
misartan group is significantly lower than candesartan group 
" (p-value <0.0001) Fig. 4".

Mean serum level of VLDL of rats fed on basal diet for 7 
weeks was 11.46±0.11 (mg/dl), but with rats that were fed 
on HFD for 7 weeks serum VLDL significantly increased 
to 297.16±7.84 (mg/dl) "(p-value <0.0001) Fig. 4". Oral 
administration of telmisartan and candesartan for 7weeks 
in HFD rats significantly decreased VLDL to (32.33±1.4 
and 39.99±0.34 (mg/dl), respectively " (p-value <0.0001, 
each) Fig. 4" in relation to HFD group with no significance 
to each other (p-value =0.6). Both telmisartan and cande-
sartan groups were significantly higher than normal control 
group " (p-value <0.0001, 0.002, respectivelly) Fig. 4".

Mean serum level of HDL in control group fed on basal 
diet for 7 weeks was 49.12±0.67 (mg/dl). In HFD rats, 
serum level of HDL significantly decreased to 18.27±0.48 
(mg/dl) " (p-value <0.0001) Fig. 4". Oral administration 
of telmisartan and candesartan for 7weeks significantly 
increased serum HDL level to (48.17±0.72 and 46.64±0.2 
(mg/dl), respectively " (p-value <0.0001, each) Fig. 4" as 
compared to HFD group but was not significantly different 
to each nor to control group "(p-value > 0.05) Fig. 4".

Candesartan and telmisartan improve liver 
dysfunctions associated with HFD fed rats

Regarding liver enzymes, Mean serum level of ALT in rats 
fed on basal diet for 7 weeks was 82.78±0.77 (U/L), but 
with rats that were fed on HFD for 7 weeks, their serum 
ALT significantly increased to 303.18±5.33 (U/L) " (p-value 
<0.0001) Fig. 5". With oral administration of telmisar-
tan and candesartan for 7weeks in HFD rats, serum ALT 

significantly decreased to (121.58±4.84 and 193.3±3.28 
(U/L), respectively " (p-value <0.0001, each) Fig. 5" as 
compared to HFD, but it was significantly higher than nor-
mal control group. Telmisartan group was significantly 
lower than candesartan group " (p-value <0.0001) Fig. 5".

Mean serum level of AST of rats fed on basal diet for 
7 weeks was 137.47±0.85 (U/L). Rats that were fed on 
HFD for 7 weeks, their serum AST significantly increased 
to 230.34±13.43 (U/L) " (p-value <0.0001) Fig. 5". Oral 
administration of telmisartan and candesartan for 7weeks in 
rats were fed on HFD significantly decreased serum AST to 
(146.7±3.5 and 157.72±4.07 (U/L), respectively "(p-value 
<0.0001, each) Fig. 5" as compared to HFD. Serum AST in 
control, telmisartan and candesartan groups were not sig-
nificantly different to each other "(p-value > 0.05) Fig. 5".

Mean serum ALP of rats fed on basal diet for 7 weeks 
was 99.24±0.3 (U/L) but with rats that were fed on HFD 
for 7 weeks, their serum ALP significantly increased to 
293.0±6.73 (U/L) "(p-value <0.0001) Fig. 5". Oral admin-
istration of telmisartan and candesartan for 7weeks in HFD 
rats significantly decreased serum ALP to (157.26±5.45 
and 222.25±3.99 (U/L), respectively "(p-value <0.0001), 
each Fig. 5" as compared to HFD, but it was significantly 
higher than control group "(p-value <0.0001), each Fig. 5". 
Telmisartan group was significantly lower than candesartan 
group "(p-value <0.0001) Fig. 5".

Candesartan and telmisartan elevate serum levels 
of leptin and adiponectin in HFD fed rats

Mean serum leptin of rats fed on basal diet for 7 weeks was 
15.16±0.11 (ng/mg) but with rats that were fed on HFD 
for 7 weeks, their serum leptin significantly increased 
to 23.88±0.3 (ng/mg) "(p-value <0.0001) Fig. 6". Oral 
administration of telmisartan and candesartan for 7weeks 
in HFD rats significantly increased mean serum leptin to 
(34.89±1.31 and 45.74±1.1 (ng/mg), respectively "(p-value 
<0.0001, each) Fig. 6" as compared to both normal control 
and HFD groups. Serum leptin level in candesartan group 
was significantly higher as compared to its level in telmisar-
tan group "(p-value <0.0001) Fig. 6".

In addition, mean serum adiponectin of rats fed on basal 
diet for 7 weeks and rats fed on HFD were 1.62±0.08 and 
0.44±0.05 (ng/mg), respectively which were not signifi-
cantly different to each other "(p-value > 0.005) Fig. 6". Oral 
administration of telmisartan and candesartan for 7weeks 
in HFD rats significantly increased serum adiponectin to 
(7.94±0.29 and 3.91±0.35 (ng/mg), respectively "(p-value 
<0.0001, each) Fig. 6" as compared to both normal con-
trol and HFD. Serum adiponectin level in telmisartan group 
was significantly higher than its level in candesartan group 
"(p-value <0.0001) Fig. 6".
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Fig. 5   Bar chart representing the effect of administration of single 
daily oral dose of 5 mg/kg/d telmisartan and 10 mg/kg/d candesartan 
for 7weeks on serum liver function parameters: alanine transaminase 
(ALT), aspartate aminotransferase (AST) and Alkaline phosphatase 
(ALP) in HFD induced obesity in male albino rats. Data were ana-
lyzed by one-way ANOVA and represented by (Mean ± SE). Signifi-

cant differences when (p<0.05) (a significant against control group, b 
significant against HFD group and c significant against Telmisartan+ 
HFD). n=10. Abbreviations: n: number of rats in each group; HFD; 
high fat diet; ALT: alanine transaminase; AST: aspartate aminotrans-
ferase; ALP: Alkaline phosphatase

Fig. 6   Bar chart representing 
the effect of administration of 
single daily oral dose of 5 mg/
kg/d telmisartan and 10 mg/
kg/d candesartan for 7weeks on 
serum leptin and adiponectin in 
HFD induced obesity in male 
albino rats. Data were ana-
lyzed by one-way ANOVA and 
represented by (Mean ± SE). 
Significant differences when 
(p<0.05) (a significant against 
control group, b significant 
against HFD group and c 
significant against Telmisartan+ 
HFD). n=10. Abbreviations: n: 
number of rats in each group; 
mg: milligram; ng: nanogram; 
HFD: high fat diet)
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Candesartan and telmisartan had anti‑inflammatory 
effects by modulating hepatic expression of TNF‑α 
and AMPK in HFD induced obesity in male albino 
rats

TNF-α level in liver tissue of rats fed on basal diet for 
7 weeks was 94.7±1.16 (pg/mg). Rats that were fed 
on HFD for 7 weeks, TNF-α level in liver tissue sig-
nificantly increased to 1230.6±78.8 (pg/mg) "(p-value 
<0.0001) Fig.  7". Oral administration of telmisartan 
and candesartan for 7weeks in HFD rats significantly 
decreased TNF-α level in liver tissue to (144.54±2.64 
and 246.4±18.8 (pg/mg), respectively as compared to 
HFD "(p-value <0.0001, each) Fig.  7". Telmisartan 
group was significantly lower than candesartan group 
"(p-value <0.05) Fig. 7"

Also, AMPK level in liver tissue of rats fed on basal diet 
for 7 weeks was 4.54±0.13 (ng/mg) as rats that were fed on 
HFD for 7 weeks, their AMPK had no significant change 
[4.41±0.43 (ng/mg)] "(p-value =1) Fig. 7". Oral adminis-
tration of telmisartan and candesartan for 7weeks in HFD 
rats significantly increased AMPK to (47.38±2.45 and 
24.79±1.52 (ng/mg), respectively "(p-value <0.0001, each) 
Fig. 7" as compared to HFD. Telmisartan group was sig-
nificantly higher than candesartan group "(p-value <0.0001) 
Fig. 7".

Candesartan and telmisartan had beneficial roles 
by modulating inguinal WAT expression of TNF‑α, 
AMPK, Arg‑1, UCP‑1 and BDNF in inguinal WAT 
in HFD induced obesity in male albino rats

Mean TNF-α in inguinal WAT of rats fed on basal diet for 
7 weeks was 246.2±2.13 (pg/mg), but with rats that were 
fed on HFD for 7 weeks, inguinal WAT TNF-α significantly 
increased to 1348.8±21.85 (pg/mg) "(p-value <0.0001) 
Fig. 8". Oral administration of telmisartan and candesartan 
for 7weeks in HFD rats significantly decreased WAT TNF-α 
to (368.0±13.25 and 684.3±39.8 (pg/mg), respectively in 
compared to HFD group "(p-value <0.001, each) Fig. 8". 
Candesartan group was significantly higher than normal 
control group "(p-value <0.001) Fig. 8". Telmisartan group 
was significantly lower than candesartan group "(p-value > 
0.001) Fig. 8".

Mean AMPK in inguinal WAT of rats that were fed on basal 
diet for 7 weeks was 12.83±0.25 (ng/mg) but with rats that were 
fed on HFD for 7 weeks, their inguinal WAT AMPK signifi-
cantly decreased to 10.91±1.07 (ng/mg) "(p-value <0.07) Fig. 8". 
Oral administration of telmisartan and candesartan for 7weeks 
in HFD rats significantly increased AMPK to (102.73±2.27 
and 77.96±1.24 (ng/mg), respectively "(p-value <0.0001, each) 
Fig. 8" as compared to both normal control and HFD groups. 
Telmisartan group was significantly (p-value <0.05) higher as 
compared to candesartan group "(p-value <0.0001) Fig. 8".

Fig. 7   Bar chart representing the effect of administration of single 
daily oral dose of 5 mg/kg/d telmisartan and 10 mg/kg/d candesar-
tan for 7weeks on TNF-α and AMPK in liver tissue samples in HFD 
induced obesity in male albino rats. Data were analyzed by one-way 
ANOVA and represented by (Mean ± SE). Significant differences 

when (p<0.05) (a significant against control group, b significant 
against HFD group and c significant against Telmisartan+ HFD). 
n=10. Abbreviations: tumor necrosis factor-alpha: TNF adenosine 
monophosphate activated protein kinase: AMPK; n: number of rats in 
each group; pg: picogram; ng: nanogram; mg: milligram
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Mean Arg-1 in inguinal WAT of rats fed on basal 
diet for 7 weeks and rats fed on HFD were (1.16±0.05 
and 0.48±0.04 (ng/mg), respectively which were not sig-
nificantly different to each other"(p-value =0.3) Fig. 8". 
Oral administration of telmisartan and candesartan for 
7weeks in HFD rats significantly increased Arg-1 in 
inguinal WAT to 14.99±0.4 and 6.63±0.41 (ng/mg), 
respectively "(p-value <0.0001, each) Fig. 8" as com-
pared to both normal control and HFD groups. Mean 
Arg-1 in inguinal WAT level in telmisartan group was 
significantly higher than its level in candesartan group 
"(p-value <0.0001) Fig. 8".

Mean UCP-1 in inguinal WAT of rats fed on basal diet 
for 7 weeks and rats fed on HFD were (7.73±0.12 and 
2.39±0.29 (ng/mg), respectively, which were not signifi-
cantly different to each other. Oral administration of tel-
misartan and candesartan for 7weeks in HFD rats signifi-
cantly increased UCP-1 of inguinal WAT to (55.26±1.63 
and 34.0±1.73 (ng/mg), respectively "(p-value <0.0001), 
each Fig. 8" as compared to both normal control and HFD 
groups. UCP-1 level in inguinal WAT in telmisartan group 
was significantly higher than its level in candesartan group 
"(p-value <0.0001) Fig. 8".

Mean BDNF in inguinal WAT of rats fed on basal diet 
for 7 weeks and rats fed on HFD were (14.54±0.15 and 
8.59±0.37 (ng/mg), respectively which were not sig-
nificantly different to each other. Oral administration of 

telmisartan and candesartan for 7weeks in HFD rats sig-
nificantly increased inguinal WAT BDNF to (39.88±1.83 
and 33.15±1.35 (ng/mg), respectively "(p-value <0.0001, 
each) Fig. 8" as compared to both normal control and 
HFD. Inguinal WAT BDNF level in telmisartan group 
was significantly higher than its level in candesartan group 
"(p-value <0.0001) Fig. 8".

Fig. 8   Bar chart representing the effect of administration of single 
daily oral dose of 5 mg/kg/d telmisartan and 10 mg/kg/d candesartan 
for 7weeks on TNF-α, AMPK, Arg-1, UCP-1 and BDNF in inguinal 
WAT in HFD induced obesity in male albino rats. Data were analyzed 
by one-way ANOVA and represented by (Mean ± SE). Significant 
differences when (p<0.05) (a significant against control group, b sig-

nificant against HFD group and c significant against Telmisartan+ 
HFD). n=10. Abbreviations: n: number of rats in each group; WAT: 
white adipose tissue; TNF-α: tumor necrosis factor-alpha; pg: pico-
gram; mg: milligram; BDNF: brain derived neurotropic factor; ng: 
nanogram; Arg-1: arginase-1; AMPK: adenosine mono-phosphate 
activated protein kinase; UCP-1: uncoupling protein-1

Table 5   Effect of administration of single daily oral dose of 5 mg/kg 
telmisartan and 10 mg/kg candesartan for 7weeks on area of adipo-
cyte between different groups in HFD induced obesity in male albino 
rats

Data was non-parametric so we used Kruskal Wallis test and repre-
sented by (Median (IQR) followed by Dunn,s test. Significant differ-
ences when (p<0.05) (a significant against control group, b significant 
against HFD group and c significant against Telmisartan+ HFD). 
n=10. Abbreviations: (IQR; interquartile range; um2: cubic microm-
eter; n: number of rats in each group; HFD: High fat diet)

Parameter Area of adipocytes (um2)
Group (n=10)

Control 9893.28
(7637.49-11413.44)

HFD 21239.12 a
(13062.77-37533.36)

Telmisartan+ HFD 5355.7 b
(2641.76 -12218.24)

Candesartan+ HFD 11607.1 ab

(8150.35-14757.24)
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Histopathological results

Candesartan and telmisartan reduce size of area 
of adipocyte (AA) in inguinal adipose tissue in HFD fed male 
albino rats

The AA of rats fed on basal diet for 7 weeks was 9893.28 
(um2), but with rats that were fed on HFD for7 weeks AA 
significantly increased to 21239.12 (um2) "(p-value <0.05) 
Table 5". Oral administration of telmisartan and candesartan 
significantly decreased AA to (5355.7 and 11607.1 (um2), 
respectively as compared to rats fed on HFD "(p-value 
<0.05) Table 5". The AA in telmisartan was not signifi-
cantly different in compared to normal control, while AA 
in candesartan group was significantly higher than normal 
control group "(p-value <0.05) Table 5"

Candesartan and telmisartan repair NAFLD by modulating 
scoring (steatosis, lobular inflammation, and ballooning 
degeneration) in HFD fed male albino rat

Effect on steatosis (0‑3)  Steatosis was not detected in rats 
fed on basal diet for 7 weeks. While, HFD significantly 
induced steatosis which was 2.5±0.53 "(p-value <0.0001) 
Table 6". Oral administration of telmisartan and candesar-
tan for 7weeks in HFD rats significantly decreased steato-
sis scoring "(p-value <0.0001, each) Table 6" as compared 
to HFD and became similar to control group "(p-value=1, 
each) Table 6".

Effect on lobular inflammation (0‑3)  Lobular inflamma-
tion was not detected in rats fed on basal diet for 7 weeks. 
HFD significantly induce lobular inflammation which was 
3±0 "(p-value <0.0001) Table 6". Oral administration of 
telmisartan and candesartan for 7weeks in HFD rats signifi-
cantly decreased lobular inflammation scoring to 0.5±0.2 
"(p-value >0.0001) Table 6". While oral co-administration 
of candesartan for 7weeks in HFD rats didn’t significantly 
change lobular inflammation 3±0 as compared to HFD 

group "(p-value =1) Table 6". Telmisartan group was sig-
nificantly lower than candesartan group "(p-value <0.0001) 
Table 6".

Effect on ballooning degeneration (0‑1)  Ballooning degen-
eration was not detected in rats fed on basal diet for 7 weeks. 
HFD significantly induce lobular inflammation which was 
1±0 "(p-value <0.0001) Table 6". Oral administration of 
telmisartan for 7weeks in HFD rats significantly decreased 
lobular inflammation scoring to 0.5±0.2 in compared to 
HFD "(p-value <0.0001) Table 6" while oral co-adminis-
tration of candesartan for 7weeks in HFD rats didn’t signifi-
cantly change ballooning degeneration scoring in compared 
to HFD group "(p-value =1) Table 6". The scoring of both 
telmisartan and candesartan groups were significantly higher 
than normal control group "(p-value <0.001, 0.0001, respec-
tively) Table 6".

Effect on total NAFLD scoring (0‑7)  Total NAFLD was not 
detected in rats fed on basal diet for 7 weeks. HFD sig-
nificantly induced NAFLD which was 6.5±0.53"(p-value 
<0.0001) Table 6". Oral administration of telmisartan and 
candesartan for 7weeks in HFD rats significantly decreased 
NAFLD scoring to 1±0 and 4±0, respectively as com-
pared to HFD groups"(p-value <0.0001, respectively) 
Table 6" but significantly higher than normal control group 
"(p-value <0.0001) Table 6". Telmisartan group was sig-
nificantly lower than candesartan group "(p-value <0.0001) 
Table 6".

Candesartan and telmisartan repair liver histopathological 
changes induced by an HFD in male rats (H&E staining)

Oral administration of telmisartan and candesartan in rats 
that were fed on HFD showed, NAFLD improved, the 
number of inflammatory cells decreased, gradual reduction 
of degree of steatosis, less prominent hepatocyte balloon-
ing and hepatocyte degeneration Figs. 9 and 10.

Table 6   Effect of administration 
of single daily oral dose of 5 
mg/kg telmisartan and 10 mg/
kg candesartan for 7weeks 
on NAFLD scoring between 
different groups in HFD 
induced obesity in male albino 
rats

-Data were analyzed by one-way ANOVA and represented by (Mean ± SE) followed by Tukey's test. (a 
significant against control group, b significant against HFD group and c significant against Telmisartan+ 
HFD). n=10. Abbreviations: n: number of rats in each group; NAFLD: non-alcoholic fatty liver disease; 
HFD: high fat diet)

Parameter Steatosis Lobular inflammation ballooning 
degeneration

Total NAFLD score

Group (n=10)
Control    0±0    0±0    0±0 0±0
HFD 2.5±0.17a    3±0a    1±0a 6.5 ±0.17a

Telmisartan+ HFD    0±0b 0.5±0.17ab 0.5±0.17ab 1±0ab

Candesartan+ HFD    0±0b    3±0abc    1±0a 4 ±0abc
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Candesartan and telmisartan avert histopathological 
insults in the adipose tissue (inguinal white adipose 
tissue (WAT) and interscapular brown adipose tissue (BAT) 
induced by HFD in male rat (H&E)

Regarding, inguinal white adipose tissue (WAT), Control 
group: showed normal size adipocytes arranged in lobules 
separated by microvascular septa, but HFD group: showed 
hypertrophied adipocytes with mild congestion in fibrovas-
cular septa with inflammatory cell infiltrates (arrows), both 
treated groups (telmisartan and candesartan): showed regres-
sion of adipocytes size with regression of inflammatory cell 
infiltrates. The improvement was greater in telmisartan 
group Figs. 11 and 12.

In addition, Interscapular brown adipose tissue (BAT), 
Photomicrographs of interscapular brown adipose tis-
sue (BAT) showing significant decrease in BAT number 
separated by mild congested fibrovascular tissue in HFD 

indicating low grade inflammation occurring with obesity. 
Oral administration of telmisartan and candesartan in dose 
of (5 mg/kg and 10 mg/kg, respectively) for 7weeks in rats 
were fed on HFD as prophylactic agent showed increased 
number of multi-locular brown fat cells per unit of area in 
telmisartan and candesartan groups indicating good response 
to therapy Figs. 13 and 14.

Discussion

The present study, demonstrated a significant decrease in 
BW, BMI, LW, WAT, and BAT weights in HFD fed rats 
administered telmisartan and candesartan. In line with our 
findings, many previous studies supported our findings, as 
ARBs have been shown to prevent obesity development in 
rodent models (Rawish et al. 2020; Huber et al. 2021) and 
humans (Kintscher et al. 2007).

Fig. 9   A representative image of the four groups showing: control 
group showing: normal liver tissue with central vein (a) surrounded 
by rows of hepatocytes with central nuclei and eosinophilic cyto-
plasm. Two portal tracts could be seen with patent bile duct (circle). 
No steatosis, hepatocytes degeneration or ballooning could be seen. 
HFD group showing: diffuse hepatic steatosis with hepatocyte bal-
looning and degeneration more prominent at zone 3 (circles) with 
congested central vein (C). Diffuse inflammatory infiltrate could be 
seen (L). (Steatosis Grade 3). Telmisartan + HFD group showing 

regression of hepatic steatosis with presence of focal areas confined 
to zone 3 surrounding central vein (S). Focal areas of periportal 
inflammation could be seen (circle) (steatosis Grade1). Candesartan 
+ HFD group showing multiple central veins surrounded by rows 
of regenerated hepatocytes with deep eosinophilic cytoplasm. Focal 
scattered areas of moderate periportal inflammation could be seen 
with scattered inflammatory cells (L) among hepatocytes. Areas of 
steatosis confined to zone 3 around central vein (circle in the right 
figure) (steatosis grade 2). (H&Ex100)
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In our study, serum levels of ALT, AST, and ALP in the 
HFD group were elevated together with histopathological 
findings of the liver that indicated NAFLD. Rats were pro-
tected by administration of telmisartan, and candesartan. In 
agreement with our results telmisartan (10 mg/kg/day) can 
reduce serum levels of ALT, AST, and ALP (Abdelhamid 
et al. 2021). Murad et al. 2017, also revealed that candesar-
tan (0.1 and 0.3 mg/kg/d) for 14 days improved thioaceta-
mide-induced chronic liver failure in rats.

In our results, there was a significant increase in the 
serum levels of VLDL, LDL-C, TC and TG with a signifi-
cant decrease in the serum level of HDL-C in rats consumed 
HFD. Following telmisartan, and candesartan treatment in 
HFD-received animals, the lipid profile was significantly 
decreased while raising HDL levels. In line with our study, 
numerous studies indicated hepatoprotective effect of tel-
misartan against lipid buildup and lipotoxicity (Schuster 
et al. 2018; Rawish et al. 2020). In addition, candesartan has 
also been shown to have a potential effect on lipid accumula-
tion and dysfunction (Nishida et al. 2011). These findings 
may be explained by the fact that ARBs have been reported 
to be a PPARα agonist and a selective PPARγ modula-
tor which have positive effects on lipid and carbohydrate 

metabolism (Jayapriya et al. 2013), similarly, PPARα plays 
a very important role in hepatic lipid metabolism where 
it stimulates the uptake and oxidation of fatty acids (He 
et al. 2020). Telmisartan is lipophilic, which suggests that 
compared to other ARBs, it may have a stronger ability to 
enter intracellular compartments and access to PPAR-γ than 
other ARBs (Vanitha and Vijayal 2013). Also, telmisartan 
increases the expression of the phosphoenol-pyruvate car-
boxykinase (PEPCK) gene in human visceral adipocytes 
(Yumuk 2006). PEPCK is a 5 key target gene that contrib-
utes to the ability of PPAR-γ activators to reduce the levels 
of fatty acids (Sun et al. 2021) and this could explain the 
more improvement with telmisartan administration.

In the fact, high FFA levels in the HFD group induce an 
increase in the transcription factor (NF-kB)”(Feldstein et al. 
2004) along with an increase in ROS and TNF-α (Wei et al. 
2008), and this activation may be mediated through AngII 
stimulation of the AT1R present on adipocyte, so block-
age of this receptor by ARBs may have an anti-inflamma-
tory role in these cells (Wei et al. 2008). Consistent with 
these observations, telmisartan and candesartan markedly 
improved and down regulated TNF-α levels in liver and 
WAT. Comparable findings were reported by (Wohl et al. 

Fig. 10   A representative image of higher magnification of the pre-
vious figure showing control group showing: central vein (a) sur-
rounded by rows of normal hepatocytes with deep eosinophilic 
cytoplasm and central nuclei. No steatosis, ballooning or hepato-
cyte degeneration could be noticed. HFD group showing congested 
central vein (a) surrounded by rows of hepatocytes with vacuolated 
cytoplasm showing ballooning and degeneration (B) with scattered 
inflammatory infiltrate (L) Foreign body giant cell found at the lower 
part of the left figure (G) Degenerated apoptotic hepatocyte could be 

seen (Mallory body) (M) in the right figure. Telmisartan + HFD 
group showing sinusoidal congestion (C) among rows of regener-
ating hepatocytes with eosinophilic cytoplasm and central nuclei 
around central vein (a). Few scattered inflammatory cells could be 
seen (L). Candesartan + HFD group showing central vein (a) sur-
rounded by rows of regenerating hepatocytes with vacuolated eosino-
philic cytoplasm (R) and rows of hepatocytes showing ballooning and 
degenerative changes (B) (zone 3) (H&Ex400)
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2010), they showed that telmisartan (160 mg/day) treatment 
for 3 weeks in human decreased plasma TNF-α. Similarly, 
Abdelhamid et al. 2021, reported that, in an alcohol-induced 
hepatic damage model, telmisartan (10 mg/kg/day) reduced 
liver TNF-α expression in adult male BALB/c mice.

BDNF plays an important role in regulating energy bal-
ance, promoting fatty acid oxidation (Wohl et al. 2010). In 
the same context, Hashida et al. 2021, demonstrated that 
higher serum level of BDNF was associated with a reduc-
tion in activity in human patients with NAFLD revealing the 
suppression action of BDNF on NAFLD activity as well as 
its favorable action on increasing fatty acid oxidation and 
lipid metabolism.

We found that rats fed on HFD down-regulated the 
expression of BDNF in inguinal WAT and AMPK in the 
liver and inguinal WAT, while administration of telmisar-
tan and candesartan up-regulated the WAT expression of 
BDNF and AMPK (in the liver tissue and WAT). Similarly, 
BDNF heterozygous mutant mice and animals with disrup-
tion of the BDNF gene exhibit hyperphagia, increased body 
weight, and adiposity (Kernie et al., 2000; Sha et al. 2007). 
In accordance with our finding, after 4 weeks of telmisar-
tan treatments (10 mg/kg/day) in streptozotocin-induced 

diabetic rats, the levels of BDNF were found to be systemi-
cally increased in diabetic rats compared to untreated rats 
(Ola et al. 2013). This may be due to the anti-inflammatory 
effect of ARBS in the hypothalamus, improving levels of 
BDNF (Lenart et al. 2019).

Huang et al. 2020 showed that, Telmisartan 3 mg/kg/d 
improved obesity-induced insulin resistance in C57BL/6J 
male mice by suppressing endoplasmic reticulum stress 
via AMPK activation. Similarly, Candesartan (5 mg/kg/
day) in drinking water for two weeks significantly increases 
hypothalamic AMPK expression in both basal and stress-
induced models (Marques et al. 2012). Ribeiro-Oliveira 
et al. 2015) demonstrated that 7 chronic administration of 
candesartan (5 mg/kg/day) in drinking water for two weeks 
increased hepatic AMPK activity as measured by a kinase 
activity assay in male Wistar rats. This may be explained 
as telmisartan and candesartan increase phosphorylation of 
AMPK receptor at Thr172 site (the active catalytic site of the 
receptor) and subsequently its activation (Hwang and Cho 
2020; Huang et al. 2020). Because AMPK is a key sensor 
regulator of energy homeostasis and nutrient metabolism, 
regulating fatty acid metabolism, protein synthesis, and 
glucose uptake, its levels are reduced in cases of positive 

Fig. 11   A representative image shows section of white adipose tis-
sue (WAT) formed of multiple lobules of mature adipocytes with 
large fat vacuole and signet ring nuclei, control group: shows normal 
size adipocytes arranged in lobules separated by microvascular septa, 
HFD group: shows hypertrophied adipocytes with mild congestion in 

fibrovascular septa with inflammatory cell infiltrates (arrows), treated 
groups (telmisartan and candesartan): shows regression of adipocytes 
size and regression of inflammatory cell infiltrate with more regres-
sion noticed at telmisartan group. (H&E x100) 
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energy balance, such as obesity (Liou et al. 2019). Telmisar-
tan increases AMPK in liver, which in turn increases fatty 
acid oxidation, decreases fatty acid and TG synthesis, and 
increases mitochondrial biogenesis. All the previous actions 
may be implicated in the prevention of NAFLD (Zhou et al. 
2019; Pino-de la Fuente et al., 2019).

Adiponectin is an important adipokine which increases 
fatty acid uptake and oxidation in muscle and other tissues 
and acts in the brain to increase metabolic rate (Mullen et al. 
2009). In liver, adiponectin increases fatty acid oxidation 
and decreases glucose release and improves insulin resist-
ance (Berg et al. 2001). In adipocytes, it has an autocrine 
effect on adipose tissue differentiation, browning, increasing 
lipolysis and fat oxidation (M L Mathai et al. 2008).

In our work, administration of telmisartan or candesar-
tan to HFD-fed rats significantly elevated adiponectin serum 
levels. In agreement with our finding, (Makita et al. 2008) 
found that candesartan (8 or 12 mg/d) or telmisartan (40 or 
80 mg/d) was found to increase adiponectin in hypertensive 
patients aged 40-80 years.

In our study, the administration of telmisartan or can-
desartan to HFD-fed rats increased serum leptin levels. In 
line with our findings, Schuster et al. 2018 found that HFD 
induced obesity in male C57BL/6N mice, with marked 
leptin elevation. Schuster et al. 2018 also reported that 

telmisartan improved leptin action as it regains leptin 
transport through the leptin receptor; leptin then can cross 
the blood brain barrier again and thereby protect against 
leptin resistance.

Disagreeing with our study, Li et al. 2016 reported that 
telmisartan treatment in a metabolic syndrome model 
induced by HFD decreased both serum leptin and adipocyte 
derived leptin levels.

Macrophages infiltration into adipose tissue is a common 
feature of obesity (Alexander Rosendah 2015). The impor-
tance of transformation of M1 to M2 (M2 polarization) 
in adipose tissue browning was evidenced by the release 
of catecholamines from M2 macrophage which subse-
quently stimulate thermogenesis via β3 adrenergic receptor 
activation (Nguyen et al. 2011). with its ability to induce 
UCP-1 with the resultant browning and increasing energy 
expenditure (Brestoff et al. 2015). Arg-1 is an important 
marker of M2 macrophage polarization (Ma et al. 2022). 
PPARγ, which are ligand-activated transcription factors, 
control macrophage polarization. In fact, PPARγ deficient 
macrophages have been shown to resist M2 polarization 
(Mukundan et al. 2009). Consistent with these findings, tel-
misartan and candesartan administration to HFD fed rats 
showed significant increase of Arg-1 expression in WAT. 
Activation of PPARδ, PPARγ, and AMPK in the telmisartan 

Fig. 12   A representative image shows crown like structures formed of hypertrophied adipocytes surrounded by inflammatory infiltrate 
(H&Ex400) with more abundance in HFD group. (H&Ex400) 
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and candesartan groups was shown to favor M2 polarization 
(Jeon et al. 2019).

The most prominent feature of browning is the induc-
tion of UCP-1 expression (Brestoff et  al. 2015). With 

administration of telmisartan or candesartan to HFD-fed 
rats showed significant increase of UCP-1 expression in 
WAT. Araki et al. 2006 have reported that telmisartan (5 
mg/kg/d) for 14 days induced UCP-1 expression in inguinal 

Fig 13   A representative image of interscapular brown adipose tissue 
(BAT) showing difference in the number of brown fat cells between 
control group and HFD group with more brown multi-locular adipo-
cytes present in control group and congested fibrovascular tissue in 

HFD (arrows). Regression of fibro-vascular septa congestion with 
restoration of number of brown fat cells in treated groups with more 
increase noticed in telmisartan group more than candesartan group. 
(H&Ex100) 

Fig. 14   A representative image 
of interscapular brown adipose 
tissue (BAT) showing multi-
locular fat droplets (vacuolated 
cytoplasm appearance) with 
sparse of uni-locular fat cells 
in-between. Control group 
shows normal distribution in the 
number of adipocytes with more 
depletion of brown adipocytes 
in HFD group. Increase number 
of multi-locular brown fat cells 
per unit of area in telmisartan 
and candesartan groups indicat-
ing good response to therapy. 
Telmisartan and candesartan 
groups show restoring of brown 
multi-locular adipocytes num-
ber with more increase could 
be noticed at telmisartan group. 
(H&E x400) 
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and subcutaneous WAT, which was associated with an 
increase in energy expenditure with decreasing body weight 
in mature male mice .which could be mediated by maintain-
ing phosphorylation of PPARγ (Jeon et al. 2019).

Telmisartan and candesartan groups increased number 
of BAT may be attributed to the increase in UCP-1 (Puig-
server et al. 1998), AMPK (Hasanvand et al. 2016), BDNF 
(Kim et al. 2017) and Arg-1(M2 polarization) (Jeon et al. 
2019) as shown in our biochemical studies referring to that 
the anti-obesity effect of telmisartan and candesartan may 
be due to their browning effect. These results confirmed by 
Histopathological findings which revealed that both telmisar-
tan and candesartan improved the picture of NAFLD and 
decrease in WAT diameter while BAT number increased with 
more improvement and more browning induction occurring 
with telmisartan group. All the previous indices showed more 
improvement in telmisartan than candesartan group.

In conclusion

This study highlighted for the first time the potential anti-
obesity effect of both telmisartan and candesartan and their 
associated hepato-protective potential against NAFLD. 
This suggestion was evidenced by attenuation of body 
weight, food intake plus correction of lipid profile and liver 
enzymes. In addition to upregulated AMPK (both in liver 
tissue and inguinal tissue) and inguinal Arg-1, UCP-1 and 
BDNF levels with as well as serum adiponectin with M2 
macrophage polarization and browning with subsequent 
increasing energy loss due to increase UCP-1 expression 
in inguinal WAT adipose tissue. Future research is recom-
mended on telmisartan and candesartan hepato-protective 
effects especially in humans.
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