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ABSTRACT

Background: In treatment of hypertension, care should be taken for
preventing hypertensive organ injuries as well as lowering blood pressure
to the adequate level in order to decrease the risk of cardiovascular and
renal diseases. Objectives: To assess and compare the possible protective
effect of various angiotensin receptor blockers namely candesartan,
olmesartan, telmisartan ,and valsaratn on cardiovascular and renal tissues in
renal hypertensive rats Methods: In this study 72 adult male albino rats
were used and divided into six equal groups (each of 12 rats): Group 1,
control normal received the vehicle; Group 2, control renal hypertensive
induced by left renal artery ligation received the vehicle and Group 3
treated renal hypertensive rats which is divided into four subgroups:
subgroup (A) received candesartan ( 0.1 mg/kg/day); subgroup (B) received
olmesartan ( 3mg/kg/day ); subgroup (C) received telmisartan ( 0.5
mg/kg/day),and subgroup (D) received valsartan (0.5 mg/kg/day). Rats
received drugs orally by gavage once daily for 2 weeks. Results: The
present study revealed that left renal artery ligation induced significant
increases in mean arterial blood pressure (MABP), heart rate (HR), heart
weight, cardiac fibrosis and glomerulosclerosis. Also, there were significant
increases in serum level of tumor necrosis factor alpha (TNF-a), cardiac
level of inteleukinlf (IL1B), and cardiac and renal levels of
malondialdehyde (MDA) concomitant with significant reduction in cardiac
and renal level of reduced glutathione (GSH). MABP was similarly reduced
in candesartan, olmesartan, telmisartan and valsartan groups compared to
control renal hypertensive group. Heart rate, cardiac weight, and cardiac
fibrosis were significantly reduced in telmisartan and candesartan group.
Telmisartan and candesartan suppressed serum level of TNFa and the
cardiac level of IL-18. Meanwhile, olmesartan and valsartan significantly
decreased glomerulosclerosis index and renal level of MDA with
significant increase in renal level of GSH. Conclusion: Telmisartan and
candesartan exerted better cardioprotective effect via prevention of
inflammatory cascade, and olmesartan and valsartan exerted better
renoprotective effect via enhancement of antioxidant capacity.

Key words: hypertension, angiotensin receptor blockers, candesartan,
olmesartan, telmisartan, valsartan, TNF-o, IL1p, MDA and GSH.

1. INTRODUCTION

ypertension (HTN) is a global disease

burden and a major cause of worldwide
morbidity and mortality ™. HTN is a main
risk factor for coronary heart disease,
congestive heart failure, stroke, and renal
failure . The ideal goal of antihypertensive
therapy is notonly to normalize the blood
pressure level but also to prevent end organ
damage and the progression of cardiovascular
disease I The renin angiotensin aldosterone
(RAAS) system plays an essential role in the
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pathogenesis of different clinical conditions
including atherosclerosis, hypertension, left
ventricular hypertrophy, myocardial
infarction, and heart failure [ so; therefore
the renin angiotensin aldosterone system
represents a logic therapeutic target in the
management of hypertension, renal and
cardiovascular diseases ™.

Angiotensin receptor blockers (ARBs) are
well-tolerated and effective antihypertensive
agents which block the harmful effects of
angiotensin Il at the angiotensin 1l type 1
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receptor (AT1) (). They have also beneficial
effects on hypertension related cardiovascular
and renal end organ damage beyond blood
pressure lowering effect [1 . Oxidative stress
and inflammation play a main essential role in
the pathogenesis and development of
hypertension and its complication .
Candesartan, olmesartan, telmisartan, and
valsartan are angiotensin receptors blockers
which are widely used in treatment of
hypertension 1. Among these ARBs,
telmisartan ~ and candesartan reduce
inteleukinlB (IL-18) and tumor necrosis
factor o (TNFa), and reversed adhesion
molecular exgression and  macrophage
accumulation ™%,

Telmisartan also has ability to activate
peroxisome proliferator-activated receptor-
gamma (PPAR-y), which leads to inhibition
of the expression of inflammatory genes that
affect endothelial function ™. Olmesartan,
and valsartan have been reported to modulate
oxidative damage ™.

The current study aimed to assess and
compare the possible protective effect of
some angiotensin receptor blockers namely
candesartan, olmesartan, telmisartan, and
valsaratn on cardiovascular and renal tissues
in renal hypertensive rats elicited by left renal
artery ligation.

2. MATERIALS AND METHODS
Animals

72 adult male albino rats weighing 150-200
g were used in the current study. Animals
were obtained from the animal house of
Faculty of medicine, Zagazig University,
Egypt. Rats were allowed standard pellet diet
and tap water ad libitum through the whole
experimental period. They were kept at a
constant temperature (23 £2°C), humidity (60
+10%) and a light/ dark (12 h:12 h) cycle. The
animals were randomly assigned to
experimental groups. All  tests were
performed between 8.00 and 15.00 h. The
experiment was  performed in  the
pharmacology  department, faculty of
medicine, Zagazig University.

Experimental design and animal handling
were performed in
accordance with protocols approved by the
local experimental ethics  committee
guidelines of the Egyptian Society of
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Neuroscience, the Ethical Committee of the
Faculty of Medicine, Zagazig University, for
Animal Use and the guidelines of the US
National Institutes of Health on animal care.
Drugs and chemicals:

Candesartan powder (AstraZeneca AB, Egypt
license of AstraZeneca Sweden), telmisartan
powder (Boehringer GMBH, Giza, Egypt),
olmesartan powder (Apex multiapex for
pharmaceutical industries, Bader city, Egypt)
and valsartan powder (Novartis co., Egypt).
All the previous drugs were freshly dissolved
in distilled water  prior to administration.
Thiopental (sodium —thiopental) 1 gm vials
were obtained from Biochemic GMBH,
Vienna, Austria, Ethyl Carbamate (Urethane)
crystals (Prolapo, Paris), Heparin ampoules
(5000 LU. /ml) (Nile Co. for Medical
industries, Egypt). Penicillin G vials were
purchased from CID Co. for Medical
industry, Egypt.

Experimental protocol:

The animals were divided into six equal
groups ,12 rats each as following group 1:
control normal group, group 2: control
(untreated) renal hypertensive group + vehicle
(distilled  water),group 3: treated renal
hypertensive group; which was further
subdivided into four equal subgroups 12 rats
each, subgroup (A) was given candesartan 0.1
mg/kg/day?, subgroup (B) was given
olmesartan 3mg/kg/day™®, subgroup(C) was
given telmisartan 0.5 mg/kg/day™ and
subgroup (D) was given valsartan 0.5
mg/kg/day™. All drugs and vehicles were
given orally by gavage in the before
mentioned doses for 2 weeks.

Measurement of hemodynamic parameters:

The systolic, diastolic, mean arterial blood
pressure (MABP) and heart rate (HR) were
recorded by noninvasive computerized tail-
cuff System) and the data were automatically
analyzed and stored in a computer.

Blood and tissue collection:

At the end of the experiments, 2 ml blood
sample were obtained from retro-orbital plexus
via rat arterial polyethylene cannula in
heparinized tubes. The samples were
centrifuged and serum was used for TNF-
estimation. Subsequently, after body weighting,
rats were sacrificed and the heart &kidney
tissues were extracted and washed with ice-cold
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saline. After weighing the hearts, the heart and
kidney tissues of each group were then divided
into two subgroups. The tissues of first
subgroup were fixed in 10% formalin and
embedded in paraffin for histopathological
studies, the remainder were washed with ice-
cold saline, immersed immediately in liquid
nitrogen and kept at —80 °C and then
homogenized in the appropriate buffer for
estimation of IL-13 ,MDA and GSH.

Plasma level of tumor necrosis factor (TNF)-a
was measured using commercial Rat Enzyme-
linked immunosorbent assay (ELISA) (TNF)-a
kit according to the manufacturer's instructions.
Estimation of interleukin 1p (IL-1p) was done
using ELISA kit supplied by R&D system
which employs the quantitative sandwich
enzyme immunoassay technique. Tissue level
of malondialdehyde (MDA) and GSH were
measured Using Colorimetric  Assay Kit
according to the manufacturer's instructions.
Histopathological studies:

The excised wet heart was kept in formalin
(10%) and the mid ventricle sections were fixed
then embedded in paraffin. left ventricular tissue
sections stained with haematoxylin and eosin
(H&E) and Masson Trichrome stain (MT) . the
fibrotic ratio was graded on a 5-point scale
ranging from 0 to 4, 0 (normal), 1 (minimal )
lesion extent between 10-25% of a transverse
section)) 2 (mild) (between 25-50%),
3(moderate) (between 50-75%), and 4 (severe)
(exceeding 75%) of the myocardium™® |

Kidney sections which were stained with
H&E observed under a light microscope in a
blinded fashion. The glomerulosclerosis (GS)
index was determined by a semi-quantitative
method as forty glomeruli from each kidney
were graded according to the severity of the
glomerular damage ™.

Statistical analysis of the results:

The obtained results were tabulated as means
+ SE. Comparison between different groups
were made using one way analysis of variances
(one-way ANOVA) followed by Post-Hoc
(least significant difference “LSD”) tests as
described by Armitage and Berry [ The
differences were considered to be significant
when p < 0.05. Statistical Package of Social
Sciences (SPSS) computer software (version
16) was used to carry out the statistical analysis.

3. RESULTS
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Physical measurement and heart weight:
As shown in table (1) candesartan,
olmesartan,  telmisartan and  valsartan
produced significant (p <0.05) reduction in
the systolic, diastolic and mean arterial blood
pressure (MABP) as compared to control
meanwhile the heart rate was significantly (p
<0.05) decreased in candesartan and
telmisartan treated groups by 25% and 36% in
relation to control group however, olmesartan
and valsartan had insignificant effect when
compared to control group. Regarding heart
weight, there was significant (p <0.05)
reduction in candesartan and telmisartan
treated group by 11% and 19%when
compared to control group. Meanwhile
insignificant changes were noticed in
olmesartan and valsartan group in relation to
control (figure 1).

Effect on cardiac histopathological
architecture: Fig (2) and photo (1A, 1B)
The result of the present study showed that
the ratio of cardiac fibrosis between all groups
was significantly (p <0.05) reduced in
candesartan, olmesartan, telmisaran and
valsartan treated groups by60%, 50%, 71%,
28% respectively compared to control
meanwhile telmisartan and candesartan
showed prominent reduction more than the
other previous groups.

Effect on renal
architecture:

The elevated glomerulosclerosis index was
significantly (p  <0.05) reduced in
olmesartan(52%) and valsartan(41%) treated
group while, insignificant change was noticed
in candesartan and telmisartan treated group
when compared to control group (figure 3).
Biochemical results:

As shown in table (2), renal hypertension
induced significant (p<0.05) elevation in
serum level of TNFa by 600%. In contrast
candesartan and telmisartan treated group
showed significant (p<0.05) reduction in
serum level of TNFa by 45% and 63 % while,
olmesartan and valsartan showed insignificant
changes in relation to control.

Regarding the effect of different ARBs used
in this work, it was noticed that candesartan,
olmesartan and telmisartan significantly (p
<0.05) reduced cardiac IL1p by 58%, 36%,
and 64%, respectively while, valsartan

histopathological
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produced insignificant effect on cardiac IL1. Treatment with candesartan,
They also significantly (p <0.05) decreased olmesartan,telmisartan and valsartan was
the elevated cardiac MDA by 43%, 55%, 47% associated with significant reduction of renal
respectively, as compared to control. On the level of MDA in relation to control rats by
other  hand, candesartan,  olmesartan, 32%, 60%, 53% , 57% respectively.
telmisartan and valsartan showed insignificant Meanwhile, the decreased renal level of GSH
effect on cardiac GSH as compared to control was significantly (p<0.05) elevated in only
rats (table 3). olmesartan and valsartan treated group by
No differences were observed in renal IL13 59% and 55% respectively (figure 4).

neither between the control normal nor
control renal hypertensive group and other
treated groups.

Table (1): Effect of candesartan (0.1 mg/kg), olmesartan (3mg/kg), telmisartan (0.5 mg/kg) and
valsartan (0.5 mg/kg) orally on systolic, diastolic and mean arterial blood pressure (MABP), and
heart rate (HR) in renal hypertensive rats.

Group

Control normal Control renal Candesartan Olmesartan Telmisartan Valsartan group
group hypertensive group group group (0.5mg/kg)
group (0.1mg/kg) (3mg/kg) (0.5mg/kg)
Systolic blood 116+6.387 160+6.064° 94+4.823" 99+3.266" 101+9.525" 90+2.594*
pressure(mmHg)
diastolic blood 99+6.387% 107+3.4548 89+5.530" 89+3.882" 87+7.775" 85+3.529"
pressure(mmHg)
MABP(mmHg) 104+5.981" 124+8.825° 91+5.571* 93+2.922" 92+4.010" 87+2.302"
HR (beats/minute)  279+6.531* 326+9.811° 245+6.715" 311+9.843° 208+3.071% 298+11.4328
. Within the same row, values without the same superscript capital letter are significantly (p<0.05) different.

n= number of animals
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Figure (1): Effect of of candesartan (0.1 mg/kg), olmesartan (3mg/kg), telmisartan (0.5 mg/kg) and
valsartan (0.5 mg/kg) orally on heart weight in renal hypertensive rats. Values with different capital
letters are significantly different (p <0.05)
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fibrotic ratio

Figure (2): Effect of of candesartan (0.1 mg/kg), olmesartan (3mg/kg), telmisartan (0.5 mg/kg) and
valsartan (0.5 mg/kg) orally on cardiac fibrosis in renal hypertensive rats. Values with different

capital letters are significantly different (p <0.05)
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Photo (1A): cardia rographs of cardiac sections stained with haematoxylin and eosin (H&E) (x 400)
in each group. (A) control normal group, (b)control renal hypertensive group, (c)candesartan treated group, (D)olmesartan
treated group, (E)telmisartan treated group and (F)valsartan treated group.
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Photo (1B): cardiac fibrosis. Photomicrographs of cardiac sections stained with Massons Trichrome stain (MT) (x 400)
in each group. (A) control normal group, (b)control renal hypertensive group, (c)candesartan treated group, (D)olmesartan

treated group, (E)telmisartan treated group and (F)valsartan treated group.
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Figure (3): Effect of of candesartan (0.1 mg/kg), olmesartan (3mg/kg), telmisartan (0.5 mg/kg) and
valsartan (0.5 mg/kg) orally on degree of glomerulosclerosis in renal hypertensive rats. Values with
different capital letters are significantly different (p <0.05)

Table (Y): Effect of of candesartan (0.1 mg/kg), olmesartan (3mg/kg), telmisartan (0.5 mg/kg) and
valsartan (0.5 mg/kg) orally on serum level of tumor necrosis factor (TNFa) in renal hypertensive
rats.

Group Control Control renal Candesartan Olmesartan Telmisartan group Valsartan group
n=6 normal group hypertensive group group (0.5mg/kg) (0.5mg/kg)
group (0.1mg/kg) (3mg/kg)

tumor necrosis 14.1+0.905 98.2+0.74 54.7+0.321 82.7+0.422 36.8+0.570 87.5+£0.973
factor (TNFa) A B ¢ B ¢ B
(pg/ml)

. Within the same row, values without the same superscript capital letter are significantly (p<0.05) different.

. n= number of animals

Table (¥): Effect of of candesartan (0.1 mg/kg), olmesartan (3mg/kg), telmisartan (0.5 mg/kg) and
valsartan (0.5 mg/kg) orally on cardiac content of IL-1p, malondialdehyde (MDA) and glutathione
(GSH) in renal hypertensive rats.

Control Control renal  Candesartan  Olmesartan group Telmisartan Valsartan group
normal group hypertensive group (3mg/kg) group (0.5mg/kg)
group (0.1mg/kg) (0.5mg/kg)
cardiac IL-
1B(pg/ml/tissue) 31.38+1.4% 91.13+4.9° 38.152.3* 58.37+3.4° 33.50+2.2% 89.1745.2°
Cardiac
malondialdehyde 48.99+4.40" 1122345418 64.02+3.99* 51.02+3.79% 59.21+4.11% 94.35,02°
(MDA) content
Cardiac
glutathione (GSH) 98.2+3.67* 84.2+4.018 90.7+4.84% 87.2+3.048 93.3+£3.87° 91.8+2.028
content
. Within the same row, values without the same superscript capital letter are significantly (p<0.05) different.
. n= number of animals
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Figure (£): Effect of candesartan (0.1 mg/kg), olmesartan (3mg/kg), telmisartan (0.5 mg/kg) and valsartan (0.5 mg/kg)
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® renal glutthione

valsartan treated

group

orally on renal IL-1pB, malondialdehyde (MDA) and glutathione (GSH) in renal hypertensive rats. Values with different

capital letters are significantly different (p <0.05)

4. DISCUSSION

In the current study, a significant increase in
mean arterial blood pressure (MABP) was
found in control renal hypertensive rats as
compared to normal group. This 1 in MABP
can be explained by that angiotensin Il which
produces both direct vasoconstriction and
adrenal aldosterone secretion which promote
sodium reabsorption with expansion of
extracellular fluid (ECF) volume ™. It also
causes inflammation in the blood vessels
which triggers a series of pathologic changes
resulting in endothelial dysfunction, vascular
growth, and remodeling with subsequent
arterial wall stiffness which plays an
important cause of hypertension ).

The result of the present work revealed that
renal hypertensive rats treated by candesartan,
olmesartan, telmisartan, and valsartan showed
significant reduction in MABP compared to
control renal hypertensive group. Even
though no significant differences were noticed
between the groups while, valsartan showed
better hypotensive effect more than other
ARBs. The antihypertensive effect of ARBs is
mainly mediated through blocking the action
of angiotensin Il on angiotensin Il receptor
type 1 (AT1) . Regarding the hypotensive
effects of ARBs the result of the present work
is in accordance with those of Jun et al [?!
who reported that olmesartan and candesartan
cause over-expression of ACE2 that increase
the level of Ang-(1-7) which exerts direct
vasodilatory  effects via  stimulating
bradykinin and NO release. Additionally, Liu
et al. @ indicates that ARBs appear to

provide their beneficial antihypertensive
effects not only through AT1 antagonism and
down-regulation of AT1 expression but also
through up-regulation of AT2 receptors. The
greater hypotensive effect of valsartan was
studied by Schiffrin and colleagues **! who
compared the effect of various ARBs
(candesartan, olmesartan, irbesartan,
telmisartan and valsartan) in patients with
essential hypertension. The previous authors
suggested that valsartan increased
significantly serum NO that improves
structural and functional properties of
small resistant arteries in patients with
essential hypertension.

The result of the present work demonstrated
a significant increase in heart rate in control
renal hypertensive rats and administration of
candesartan and telmisartan  produced
significant reduction in heart rate with
insignificant difference in olmesartan and
valsartan treated group in relation to control
group.

As shown from the result of the present
study, administration of telmisartan and
candesartan produced cardio protective effect
manifested by significant reduction in the
heart weight with greater effect of telmisartan
over candesartan. Coinciding with these
results are those of Galzerano et al. ** who
compared the effect of administration of
telmisartan with hydrochlorothiazide on left
ventricular mass in mild to moderate
hypertensive patients. They found that
telmisartan 80 mg significantly reduced SBP,
DBP and left ventricular mass index after 12
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months  treatment as compared to
hydrochlorothiazide. In the same context,
Stéphanie et al. ®! reported that candesartan
(0.1 mg/kg/day) for 4 weeks in spontaneously
hypertensive rat effectively reduced the left
ventricular weight/body weight (LVW/BW)
ratio to the same level in normotensive
animal.

Regarding the effect of candesartan,
olmesartan, telmisartan, and valsartan on
renal hypertensive rats the current results
showed a significant improvement in cardiac
fibrosis in relation to control. Comparing the
effect of these drugs, it was found that
telmisartan and candesartan had a greater
cardioprotective effect than that of olmesartan
and valsartan. Makoto et al. ?® demonstrated
that telmisartan causes reduction in cardiac
fibrotic ratio compared to  control
renovascular hypertensive rats. Concerning
valsartan, Akira et al. ?1 demonstrated that
1 mg/kg administration of valsartan for 3
weeks significantly inhibits  ventricular
interstitial ~ fibrosis  in  spontaneously
hypertensive rats (SHR).The role of Ang Il as
a profibrotic factor had been studied in many
studies since it plays an essential role in the
pathogenesis of cardiovascular disease via
effects that extend beyond blood pressure 22,
Qi et al. ¥ found that chronic infusion of
mice with Ang Il results in blood pressure
elevation, inflammatory cells infiltration into
myocardium, and cardiac fibrosis with
increased expression of focal adhesion
kinases (FAK), integrins, and extracellular
matrix proteins B% Ang Il acts also as
transforming growth factor that regulates cell
proliferation, hypertrophy, and apoptosis .

The difference between ARBs
cardioprotective effect inspite of the same
reduction in blood pressure is a matter of
interest. The action of Ang Il may be
inhibited by a variety of ARBs, but their
differences regarding protective effect do not
seem to be related only to AT1lreceptor
binding affinity to but also in the presence of
other mechanism of action % Regarding
cardioprotective ffect of telmisartan, it was
found that in myocardial infarction model
(M), telmisartan at therapeutic doses inhibits
cardiac remodeling by reducing hypertrophy
and fibrosis of cardiomyocytes through an

Study on protection of cardiovascular system

anti-inflammatory effect and peroxisome
proliferators-activated receptor  gamma
(PPAR ) activation B% | It is well known that
PPAR vy plays an important role in
differentiation of adipocyte, homeostasis of
glucose and inflammation B, It also inhibits
the  various inflammatory  cytokines
expression by preventing the activation of
transcription factors in the cardiovascular
system 1. The cardioprotective effect of
candesartan was studied by Chen et al. B!
who found that candesartan reduced cardiac
hypertrophy and remodeling more than that of
hydralazine in spite of hydralazine greater
antihypertensive effect in spontaneously
hypertensive rats by reducing cardiac
calcineurin activity which contributes to
(AT1) receptor—mediated cardiac hypertrophy
and fibrosis. Another mechanism explains
candesartan effect on cardiac fibrosis and
hypertrog)hy is its inhibition of mechanical
stress 1 which activates AT1 receptor
through an  angiotensin  Il-independent
mechanism leads to activation of extracellular
signal-regulated  kinases and increasing
phosphoinositide production which finally
induces cardiac hypertrophy F"\.Regarding
inflammatory markers, the result of the
present study revealed that the serum level of
tumor necrosis factor (TNFa) and the cardiac
level of IL-1p were significantly increased in
renal hypertensive rats. In the present work
telmisartan and candesartan  produced
additional  cardioprotective  effects by
attenuating these inflammatory markers in
relation to  control.  Therefore, we
hypothesized that the protective effects of
telmisartan and candesartan with the greater
effect of telmisartan may be attributed, at
least in part, to the reduction of the
inflammatory response via the inhibition of
pro-inflammatory cytokines. The currently
reported  anti-inflammatory  effect  of
telmisartan is in agreement with that of
Kubota et al. P who reported that
telmisartan protected against experimental
autoimmune  myocarditis, partly by
suppressing  myocardial  expression  of
inflammatory cytokines (IL-6 and TNFa) and
nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase. Cytokines represent a
large signaling proteins group that are
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produced and secreted by the immune system
and regulate different biological processes
including inflammation, immunity and
hematopoiesis ' "ANG Il increases the
synthesis of several cytokines like TNF-o and
IL-1B and stimulates chemokine monocyte
chemoattractant protein-1 and nuclear factor-
«B [40]

Concerning index of glomerulosclerosis,
the results of the present study demonstrated
that olmesartan and valsartan showed
renoprotective  effect  manifested by
significant improvement of
glomerulosclerosis in relation to control.
However, olmesartan  showed  higher
renoprotective effect than that of valsartan. In
our study hypertension was associated with
increase cardiac and renal levels of
malondialdehyde (MDA) and decrease levels
of glutathione (GSH) in renal hypertensive
rats and as revealed by the results of the
present study candesartan, olmesartan and
telmisartan significantly decreased the cardiac
level of MDA compared to control though
they had insignificant effect on cardiac GSH.
Accordingly, we hypothesized that the
renoprotective effect of ARBs may be
attributed, at least in part, to the oxidative
stress reduction. The result of the present
work confirmed that olmesartan and valsartan
showed significant improvement in the renal
level of MDA and GSH as compared to
control.  Meanwhile,  candesartan  and
telmisartan showed significant effect only on
renal MDA which is lower than that of other
two groups. ROS also plays a role in
progression of renal disease and endothelial
dysfunction as they act as second messengers
for several transcription factors as nuclear
factor-xB (NF-kB), which is involved in renal
inflammation and hypertrophy % The
renoprotective effect of olmesartan is mainly
due to its antioxidant activity which is
mediated by inhibition of NADPH oxidase
U In addition, olmesartan acts on local
RAAS reducing expression of important
chemokines involved in progression of renal
fibrosis [*2],

5. CONCLUSION
The results of the current study clarify the
role of oxidative stress and inflammatory
cytokines in cardiac and renal complications

1)

2)

3)

4)

5)

6)

7)

8)
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of hypertension. Furthermore, telmisartan and
candesartan show better cardioprotection
while olmesartan and valsartan show better
renoprotection in renal hypertensive rats.
Further experimental and clinical studies are
required to confirm the results of the present

work, telmisartan and candesartan are
recommended if hypertension is associated
with  prominent cardiac affect while

olmesaran and valsartan are recommended if
renal complications predominate.
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