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Abstract
Obesity, insulin resistance, hypertension and fatty liver, are key risk factors for vascular complications. So, this
study aimed to compare between telmisartan and taurine supplementation on systolic blood pressure (SBP) in
addition to some metabolic disturbances and some vascular complications in an animal model for obesity.
Methods: Sixty male Wistar rats were randomly divided into six groups (n=10) for 8 weeks three groups of them
received standard diet with either vehicle or taurine (3% w/v in drinking water) or telmisartan (5 mg/kg, oral) while the
other three groups received high fat diet with either vehicle or taurine or telmisartan.
Results: The high fat diet group had greater body weight and higher SBP as compared to control rats. Increased
plasma glucose, lipid profile (except HDL), insulin, insulin resistance, MDA, and ADMA but decreased HDL, PON-1
and DDAH were also observed. Telmisartan or taurine administration resulted in decreased SBP, plasma glucose,
lipid profile, insulin, insulin resistance, MDA, and ADMA but increased both plasma HDL level and PON-1activity, in
addition to kidney DDAH enzyme activity with more significant effect of telmisartan than taurine.
Taken together, these results support the more beneficial effect of telmisartan than taurine in obese rats by
improving SBP, in addition to ameliorating hyperglycemia , dyslipidemia,( metabolic disturbances) and decreasing
plasma ADMA but increasing kidney DDAH enzyme activities (vascular complications) at least in part, by improving
insulin sensitivity and decreasing oxidative stress, suggesting the possible use of telmisartan as a protective strategy
against vascular complications related to obesity.
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Introduction
Obesity, an important component of metabolic syndrome (MS)
which is characterized by the presence of multiple risk factors for the
development of cardiovascular disease including hypertension, insulin
resistance (IR), and dyslipidaemia, is a chronic low-grade inflammatory
condition leading to adipocyte differentiation and growth in adipose
tissues [1]. Accumulated adipose tissue is a metabolically active organ
that secretes several substances called adipokines. These adipokines are
mostly related, directly or indirectly to the link between adiposity and
MS [2].
One of the recent adipokine that human adipocytes released is
called asymmetric dimethylarginine (ADMA) which is a very wellknown risk factor of cardiovascular complications. ADMA is an
endogenous inhibitor of all isoforms of nitric oxide synthase (NOS)
[3], thus, ADMA can reduce nitric oxide (NO) synthesis, thus playing
an important role in the reactive oxygen species (ROS) ROS/NO
imbalance, that has been implicated in the pathogenesis of hypertension
[4]. ROS induces ADMA accumulation by inhibiting dimethyl arginine
dimethylaminohydrolase (DDAH), an enzyme responsible for the
metabolism of ADMA. It is mainly located in the liver but it can also be
found in other organs such as kidneys, brain, adrenal glands, pancreas
or testes [5].
While obesity-induced vascular dysfunction appears to be
reversible, at least in part, with weight control strategies, these have
not proved sufficient to prevent the metabolic and cardiovascular
complication of obesity on a large scale, therefore, elucidation of the
pathophysiological mechanisms underlying vascular damage in obese
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patients is necessary to identify additional pharmacologic targets to
prevent the cardiovascular complications of obesity [6].
To achieve optimal prevention of cardiovascular outcomes in obese
patients, a multi-factorial approach is required, combining lifestyle
modification, blood pressure lowering, and control of dyslipidemia
[7]. For instance, several studies have shown that telmisartan, an
angiotensin receptor blocker (ARB) and partial agonist of peroxisome
proliferator-activated receptor-gamma (PPAR-γ), can reduce blood
pressure as well as improve IR in obese subjects [8]. However, the
mechanisms by which it acts are still unknown.
Taurine (2-aminoethylsulphonic acid) is a non-protein amino
acid present in almost all animal tissues [9]. It exerts a diverse array of
biological effects, including cardiovascular regulation, anti-oxidation,
modulation of ion transport, membrane stabilization and modulation
of neurotransmission [10].
So the aim of this work is to compare between the effects of
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telmisartan and taurine on not only blood pressure, body weight, some
metabolic parameters (plasma glucose, insulin, IR, lipid profile), but
also on some oxidative stress parameters , plasma ADMA and kidney
DDAH enzyme activity on high fat diet induced obesity in rat.
Such a finding would suggest that either telmisartan or taurine
supplementation might provide health benefits in obese patients
currently receiving treatment, and might even help to prevent
complications of obesity.

Materials and Method
Chemicals
Biochemicals, substrates and taurine were purchased from SigmaAldrich Chemicals (St. Louis, MO), telmisartan (Micardis) purchased
from Boehringer Ingelheim Inc.
Taurine (3% w/v) was administered to rats (Group II and Group
V). Telmisartan tablets were crushed and dissolved in water then
administered in drinking water to rats (Group III and Group VI).
The concentration of telmisartan in drinking water was adjusted so
that each rat ingested approximately 5 mg/kg/day. Both taurine and
telmisartan were freshly prepared and chosen according to [11,12]
respectively.

Animals
Sixty male Wistar rats were used for the present study. The animals
were acclimatized for two weeks before dietary manipulation. Four
rats were housed per cage with constant 12 hours light and dark cycle
and controlled temperature (23 ± 2ºC).

Experimental design
Animals weighed 170-230 grams at the beginning of the study.
They were randomly assigned into six groups of ten each (n=10), as
follow:
i. Control group (G-I): received standard diet and did not receive any
medication
ii. Taurine group (G-II): received taurine (3% w/v) in drinking water
and standard diet.
iii. Telmisartan group (G-III): received telmisartan (5 mg/kg) in
drinking water and standard diet
iv. High fat diet group (G-IV): received high fat diet (HFD).
v. High fat diet+taurine group (G-V): received taurine (3% w/v) in
drinking water, and HFD.
vi. High fat diet+telmisartan group (G-VI): received telmisartan (5
mg/kg) in drinking water, and HFD.
The animals were maintained in their respective groups for 8 weeks.

Diet
Food and water were supplied ad libitum. All rats were fed a
standard rat chow before beginning the study and continued to
consume standard rat chow composed of (23.3% protein, 66.5%
carbohydrate 10.2% fat, and 13.4 kJ/g) [36] for control group (GI), taurine group (G-II) and telmisartan group (G-III). Following
acclimatization, both G-IV, G-V and G-VI were given high-fat
formulated diet 56% high-fat food (7.0% protein, 37% carbohydrate,
and 56% fat, 21.8 kJ/g) and water as suggested by [13]. Both standard
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rat chow and high-fat diet contained a standard mineral and vitamin
mixture. Water and the dietary regimes were given ad libitum for 8
weeks. The body weight, food, and water intakes were monitored twice
weekly throughout the study period (8 weeks). Dead rats were excluded
from the study.

Measurement of blood pressure
It was measured by indirect method in which systolic blood
pressure (SBP) was measured in mmHg, weekly, using the noninvasive
tail plethysmography method (plethysmograph LE5001; Panlab®,
Barcelona, Spain). After preconditioning in the containment chamber,
the animals were preheated to 35 ± 2°C for 5 minutes and at least five
measurements of each rat were taken at 5 minutes intervals and the
mean value was calculated [14].
All animals received appropriate care in compliance with the
Public Health Service Policy on Use of Laboratory Animals published
by the National Institutes of Health and was approved by the Ethical
Committee of the Faculty of Medicine, Menoufia University, Egypt.

Sample preparations of plasma and kidney tissue
After 8 weeks of diet supplementation and treatment, rats were
fasted for 12 hours and then sacrificed, then:
a. Blood samples were collected on heparin as an anticoagulant.
Plasma samples were centrifuged at 4,000×g for 30 min and then stored
at -70°C for further analysis.
b. The kidneys, were removed and rinsed with ice cold 0.9% saline
solution to remove blood debris, then they were dried with filter
paper, and their weights were measured, and stored in aluminum foil,
wrapped at -70ºC until used for homogenization.
Specimens of kidney tissues were homogenized in 10 volumes of
phosphate buffer saline (PBS) 0.1 M, pH 6.5 using a potter-Elvenhjem
tissue homogenizer (30 up and down strokes). The crude homogenate
was centrifuged at 7,700Xg for 30 minutes at 4ºC, and the resultant
supernatant was collected and stored at -70ºC until the analysis of
DDAH enzyme activity and protein content according to Tain and
Baylis [15] and Bradford [16] respectively.

Laboratory analysis of all samples includes
Fasting plasma samples were used for the measurement of:
1. Glucose level by the glucose oxidase method using a commercial
kit (Elitech Diagnostics Company, France) according to the
manufacturer’s instructions.
2. Total cholesterol (TC) and triacylglycerol (TAG) levels using the
appropriate kits (Boehringer Mannheim, Germany) according to the
manufacturer’s instructions. High density lipoprotein-cholesterol
(HDL-C), was assessed after precipitation by phosphotungestic acid
and magnesium chloride. Plasma LDL-C values were calculated
using the Friedewald formula ([17] as follows: LDL-C=TC-(HDLC+TG/5). The tests utilized the principle of enzymatic colorimetric
assay to read the sample.
3. Insulin, by Enzyme-Linked Immunosorbent Assay (ELISA) using
commercial kit supplied by Sigma Scientific Service Company
according to [18].
4. Homoeostasis model (HOMA-IR), assessment was used to estimate
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insulin resistance, using the following equation: HOMA-IR=[Fasting
plasma insulin ((μIU/mL).Fasting plasma glucose (mg/dL)/405)]
according to [19].
5. Malondialdehyde (MDA) according to Halliwell and Chirico [20],
which depends on MDA reaction with thiobarbituric acid producing
thiobarbituric acid reactive substance, a pink chromogen, which can
be measured spectrophotometrically at 532 nm. MDA was expressed
as nmol/ml and was calculated using 1.65X 105 M-1.cm-1as molar
absorption coefficient.
6. Paraoxonase-1(PON-1) activity using synthetic diethyl-p-nitrophenyl
phosphate (paraoxon, o,o-diethyl-pnitrophenylphosphate, Sigma
Chemical Co., London, UK) and CaCl2 (1 mM in 0.1 M Tris
buffer, pH 7.4) as moderator. The activity toward paraoxon was
determined by measuring the initial rate of substrate hydrolysis
to p-nitrophenol. In brief, reaction (final volume 1100 μl) for the
hydrolysis of paraoxon contained 200 μl of 0.1 M Tris buffer (pH
7.4), 2.0 mM CaCl2 and 800 μl of 1mM paraoxon solution to which
100 μl undiluted plasma was added to start the reaction. Increase
in absorbance at 405 nm was monitored for 3-5 minutes. The blank
sample containing incubation mixture without plasma was run
in parallel to correct for spontaneous substrate breakdown. The
enzyme activity was calculated from molar extinction coefficient at
405 of p-nitrophenol (16000l mol–1∙ cm–1) and was expressed in
μmol∙min-1∙ml-1 [21].
7. ADMA using an ELISA Kit (DLD Diagnostika, Germany) supplied
by New Test Scientific Service Company according to [22].

Kidney homogenate of rats
Was used for estimation of DDAH by a colorimetric assay measuring
the rate of the conversion of ADMA to L-citrulline, according to
Tain and Baylis [15]. Briefly, the tissue homogenates were incubated
with urease for 15 min, and then 100 µL (2 mg) of homogenate was
incubated with 4 mmol/l ADMA, 0.1 mol/l sodium phosphate buffer
(pH 6.5) in a total volume of 0.5 ml for 3 h at 37°C. The reaction was
stopped by the addition of an equal volume of 10% trichloroacetic
acid, and the supernatant was boiled with diacetylmonoxime (0.8%
wt/vol in 5% acetic acid) and antipyrine (0.5% wt/vol in 50% sulfuric
acid). The amounts of L-citrulline formed were determined with the
spectrophotometric analysis at 466 nm and it was represented as µm
L-citrulline formation/g protein/min at 37oC. Protein determination
was carried out by the method of [39].

Statistical analysis
Data were expressed as mean ± SD. One-way ANOVA followed
by a Tukey-Kramer post-hoc test was used for statistical comparison
among the various treatment groups. Pearson correlation analysis was
used to examine the relationship between ADMA, DDAH and other
studied parameters. Tests were performed using Graph Pad Instat
P<0.05 was considered statistically significant.

Results
Comparison between the effects of taurine and telmisartan on body
weight, SBP and metabolic parameters in high fat diet induced obesity
in rat (Tables 1 and 2).
Body weight, SBP, fasting plasma glucose, lipid profile
concentrations and insulin did not differ significantly between the
studied groups at the beginning of the experiments (data not shown).
Upon administration of high fat diet for 8 weeks, there was a significant
increase in body weight, SBP, plasma glucose, TC, TAG, LDL-C,

Variables

G-I (n=10)

G-II (n=10)

G-III (n=10)

G-IV (n=10)

G-V (n=10)

G-VI (n=10)

F

Final body weight in gm

332.8 ± 16.2

335.2 ± 18.4

330 ± 22

366 ± 19*

358 ± 12*

356 ± 13*

8.12

SBP (mmHg)

120 ± 11

125 ± 10

118 ± 12

155 ± 12*

137 ± 8*#

123 ± 9#~

18.2

*p<0.001 vs. Group I; # P<0.001 vs. Group IV;~ P<0.001 vs. Group V
G-I is control group, G-II is control group taken taurine , G-III is control group taken telmisartan G-IV, is high fat diet obese group , G-V is high fat diet obese group taken
taurine, G-VI is high fat diet obese group taken telmisartan.
Table 1: Comparison between the effects of telmisartan and taurine on final body weight and SBP, in high fat diet induced obesity in rats.
Variables

G-I (n=10)

G-II (n=10)

G-III (n=10)

G-IV (n=10)

G-V (n=10)

G-VI (n=10)

F

TC (mg/dl)

95.8 ± 3.9

93.2 ± 2.9

90.5 ± 3.4

120.7 ± 6.3*

114.5 ± 4.9*#

110 ± 5.5#*

73.5

TAG (mg/dl)

93.7 ± 3.7

90.6 ± 4.1

88 ± 5

140.5 ± 8.5*

130 ± 10*#

127 ± 9#*

106.1

LDL-C (mg/dl)

29.5 ± 2.2

28.8 ± 2.6

27.5 ± 3.1

53.2 ± 3.1*

46.2 ± 3.5*#

40.8 ± 4.2*#~

113.2

HDL-C (mg/dl)

39 ± 2

40 ± 2

41 ± 3

29 ± 3*

35 ± 3*#

37 ± 4#

22.8

FPG (mg/dl)

101.5 ± 7.8

98.5 ± 6.9

99.5 ± 6.5

164.2 ± 10.7*

140.5 ± 9.9*#

138.7 ± 8.9*#

104.7

Plasma insulin (µIU/ml)

17.9 ± 5.4

16.2 ± 4.8

15.9 ± 4.5

36.4 ± 6.3*

26.1 ± 5.9*#

19.2 ± 3.9#~

23.7

HOMA-IR

5.3 ± 1.3

4.9 ± 1.2

3.9 ± 1.6

13.9 ± 3.2*

8.4 ± 1.7*#

5.9 ± 1.4#~

39.1

MDA (µmol/L)

1.5 ± 0.5

1.3 ± 0.2

1.2 ± 0.4

3.5 ± 0.1*

2.1 ± 0.5*#

1.8 ± 0.3#

54.3

PON-1 (μmol /min/ ml)

38.9 ± 9.5

39.5 ± 8.6

40.2 ± 8.2

18.2 ± 6.5*

31.5 ± 7.9#

32.8 ± 7.2#

10.8

ADMA (µmol/L)

1.03 ± 0.29

0.9 ± 0.26

0.8 ± 0.28

2.5 ± 0.3*

2.1 ± 0.25*#

1.7 ± 0.2*#~

70.2

DDAH (µM/g protein/min)

0.5 ± 0.04

0.48 ± 0.03

0.51 ± 0.02

0.18 ± 0.01*

0.24 ± 0.01*#

0.30 ± 0.02*#~

365.1

* p<0.001 vs. Group I; # P <0.001 vs. Group IV; ~ P<0.001 vs. Group V
G-I is control group, G-II is control group taken taurine, G-III is control group taken telmisartan G-IV, is high fat diet obese group , G-V is high fat diet obese group
taken taurine, G-VI is high fat diet obese group taken telmisartan. Fasting plasma glucose (FPG), total cholesterol (TC), Triacylglycerol (TAG), High density lipoproteincholesterol (HDL-C) Low density lipoprotein-cholesterol (LDL-C), HOMA-IR homeostatic model assessment of insulin resistance, paraoxonase-1 (PON-1), asymmetric
dimethylarginine (ADMA), Dimethyl arginine dimethylaminohydrolase (DDAH)
Table 2: Comparison between the effects of telmisartan and taurine on some metabolic, oxidative stress and vascular complications parameters in high fat diet induced
obesity in rats.
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insulin and insulin resistance (HOMA-IR) but significant lower level of
HDL-C in obese rats (group IV) as compared to control groups. With
administration of either taurine or telmisartan, there was a significant
decrease in all the studied parameters except for HDL-C (significant
increase) as compared to obese rats with no significant difference in
body weight (Table 1). These findings indirectly suggested that the
reduced plasma glucose and lipid profile in either taurine or telmisartan
group resulted from the physiological effects of either taurine or
telmisartan itself, rather than from weight loss. Further-more, there
was a significant difference between telmisartan and taurine treated
groups in some parameters (SBP, LDL-C, plasma insulin, HOMA-IR)
with more significant improvement in telmisartan rather than taurine
treated group.
Comparison between the effects of taurine and telmisartan on
oxidative stress and vascular complication parameters in high fat diet
induced obesity in rat (Table 2).
There was a significant increase in plasma MDA, and ADMA but
significant decrease in plasma PON-1, and kidney DDAH enzyme
activities in obese group (group IV) as compared to control group. With
administration of either taurine or telmisartan, there was a significant
decrease in plasma MDA, and ADMA but significant increase in
plasma PON-1, and kidney DDAH enzyme activities in either taurine
or telmisartan treated group as compared to obese group, with more
significant effect with telmisartan than taurine especially regarding
ADMA and DDAH (Table 2).
Significant correlation between both ADMA and kidney DDAH
enzyme activity and other studied parameter in obese rats (with or
without taurine or telmisartan administration, n=30) was shown in
Table 3.

Discussion
Obesity plays a central role in the IR syndrome the mechanisms
linking obesity and increased cardiovascular risk profile is not well
understood. Besides IR, it has been suggested that oxidative stress and
ADMA may contributes to vascular damage. So, the present study
was designed to be a trial to protect obese rats from some vascular
complications by comparing the effects of telmisartan and taurine
supplementation, on SBP, some metabolic disturbances and some
vascular complications.
The initial characterization of the present study had shown that high
fat diet induced-obesity in rats leads to hypertension. Activation of the
n=30

DDAH (µM/g protein/min)

ADMA (µmol/L)

r

P value

r

Weight (grams)

-0.52

<0.05

0.50

P value
<0.01

SBP (mmHg)

-0.59

<0.001

0.62

<0.001

TAG (mg/dl)

-0.56

<0.01

0.56

<0.01

HDL (mg/dl)

0.55

<0.01

-0.53

<0.01

LDL (mg/dl)

-0.62

<0.001

0.54

<0.01

TC (mg/dl)

-0.50

<0.01

0.55

<0.01

Glucose (mg/dl)

-0.45

>0.05

0.55

<0.01

Plasma insulin (µIU/ml) -0.55

<0.01

0.59

<0.001

HOMA-IR

-0.58

<0.001

0.58

<0.001

MDA (µmol/L)

-0.66

<0.001

0.68

<0.001

PON (μmol/min/ ml)

0.70

<0.001

-0.68

<0.001

-0.72

<0.001

------

-------

ADMA (µmol/L)

Table 3: Correlation between ADMA, kidney DDAH enzyme activity and
other studied parameter in obese rats (with or without taurine or telmisartan
administration) (n=30).
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sympathetic nervous system contributes to blood pressure elevation
in obesity [23]. Furthermore, hypertension is considered as a major
determinant of endothelial dysfunction and angiotensin II receptor 1
antagonists are shown to possess antihypertensive effect. Substantial
evidences suggested that telmisartan is a partial PPARγ agonist and
thus it may efficiently improve endothelial function [24]. In the current
study, both taurine and telmisartan significantly decreased the SBP
as compared to the group IV, with more significant improvement in
telmisartan treated group. Xu and Liu [25] and Hu et al. [26] stated that,
telmisartan enhanced NO release by activating the PI3K/Akt system,
AMPK phosphorylation and eNOS expression, which attenuated the
blood pressure and oxidative stress in spontaneously hypertensive rats.
On the other hand, taurine may decrease blood pressure by diminishing
intracellular production of superoxide anions, which oxidizes NO after
it is synthesized.
Another important finding in the present study is that obesity in
rats leads to dyslipidemia which was corrected with administration of
either taurine or telmisartan. The increase in TC, LDL-C, and TAG
as well as decrease in HDL-C concentrations may be due to reduced
lipoprotein lipase activity secondary to reduced plasma insulin levels
[27]. Although, PPARγ regulates lipid metabolism and telmisartan
exerts partial agonistic activity on PPARγ, the control of dyslipidemia
might be due to a direct angiotensin II type 1(AT-1) receptor
inhibition [7]. The beneficial effects of taurine upon lipid metabolism
in the present study can be explained by either increases of cholesterol
7α-hydroxylase activity in the liver, thus improving the conversion
of cholesterol to bile acid formation [28] or by suppression in TAG
secretion by the liver, inhibition of LDL oxidation and reduction of
oxidative stress [29].
It is well known that a high-fat diet leads not only to increased
body fat accumulation, but also to IR [27]. Wellen and Hotamisligil
[30] have linked the relation between obesity and IR in two different
ways. First, ectopic lipid accumulation is a potential mechanism for
this relationship. Second, a systemic chronic inflammatory response in
obesity, characterized by altered cytokine production and activation of
inflammatory signaling pathways, is another mechanism. Furthermore,
Xiao et al. [31] stated that lipid-induced protein kinase C(PKC-δ)
translocation induced oxidative stress, which in turn activated IκB
kinase β (IKKβ)/JNK1and increased serine phosphorylation of insulin
receptor substrates 1 and 2, resulting in IR. In the current study, both
telmisartan and taurine supplementation are able to improve the hyper
insulinemia and to guard against the increase in HOMA. Telmisartan
may induce its beneficial metabolic effects by directly inhibiting the
AT1 receptor. It has been established that AT1 receptor stimulation
by angiotensin II contributes to IR and its associated deleterious
metabolic profile [11]. The renin-angiotensin system (RAS) blockade’s
beneficial effect on IR has been explained partially by haemodynamic
effects, with improved delivery of insulin and glucose to peripheral
tissues, as well as by direct effects on glucose transport and insulin
signaling pathways. Therefore, normalization of blood pressure by
telmisartan in high fat diet induced obesity in rats could contribute to
improved insulin action and a better metabolic profile, but the use of
other antihypertensive drugs, such as calcium channel blockers [32],
has not had a metabolic impact, suggesting that telmisartan improved
IR via blood pressure independent mechanisms. Regarding taurine it
performed its effect through prevention of oxidative stress induced
by PKC activation and subsequent events [33]. Consistent with this,
administration of taurine to obese rats had a significant effect on both
the lipid peroxidation product MDA and PON-1 enzyme activity. In
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the present experiments, the higher MDA but lower PON-1enzyme
activity in obese rats may be due to one of the following; increased
production of free radicals associated obesity, presence of some
inhibitors against the enzyme activity of PON-1 in circulating blood
of obese patients such as glycosylated proteins or disturbance of the
interaction of PON-1 with HDL affecting its activity. Such inactivation
increased the risk of cardiovascular diseases by inability of destroying
proinflammatory molecules involved in the initiation and progression
of atherosclerotic lesions as PON-1 has antioxidant properties which
prevent the oxidation of LDL that play a great role in atherosclerosis
[34]. Therefore, there is increasing evidence linking the low PON1 activity to an increased likelihood of cardiovascular diseases, so,
enhancing PON-1 activity could be an important target for future
pharmacological agents aimed at decreasing cardiovascular risk. In the
present study, both telmisartan and taurine supplementation decreased
MDA that could be explained on the bases of the direct anti-oxidant
effects of either telmisartan or, taurine through scavenging hydroxyl
radicals, hydrogen peroxide, singlet oxygen, superoxide radicals, and
peroxyl radicals thereby preventing the free radicals-mediated lipid
peroxidation [35,36]. Furthermore, because lipids are substrates for
lipid peroxidation, the observed decrement in serum TAG levels in
the current study could be another contributing factor to the reduced
MDA levels. Because lipid peroxidation products have been reported to
inhibit PON activity, the reduced plasma MDA levels, which reflected
an improvement in the oxidative–anti-oxidative balance, may be a
reason for or a contributing factor to the increased plasma PON-1
activities present in this current study [37].
Further-more it has been established that IR is associated with a
reduction in NO production and impaired endothelial function [38].
Also, there was a relationship between ADMA and IR as stated by
Miyazaki et al. [39], who found that patients with the worst insulin
tolerance had the highest plasma concentrations of ADMA. Of note,
a recent study in rheumatoid arthritis patients by Dimitroulas et al.
[40] has revealed a close relationship between circulating ADMA
concentrations and IR and concluded that, HOMA, a strong indicator
of IR, seems to be the main predictor of elevated ADMA levels in
rheumatoid arthritis patients.
In the present study, plasma ADMA has been significantly increased
but kidney DDAH enzyme activity has been significantly decreased in
obese rats, that has been reversed by either telmisartan or taurine. Diep et
al. [41] stated that metabolic disorders, lipid metabolism abnormalities,
hypertension, cerebrovascular/cardiovascular disorders, and highfat diet can result in increased ADMA levels. Moreover, Korandji et
al. [42], suggested that the elevated levels of ADMA observed in rat
model of MS could in part be secondary to the early development of
oxidative stress associated with the development of hypertension.
ADMA has been considered not only as a biochemical marker of
vascular dysfunction, but also a novel target for treatment. In the
concurrent study, telmisartan significantly decreased the blood levels
of ADMA. Therefore, telmisartan can be expected to improve vascular
endothelial function, at least in part, via a decrease in ADMA levels. The
mechanism by which telmisartan decreased the ADMA levels is not
well understood, but telmisartan-related decreases in blood pressure,
plasma glucose, and lipids may be involved in this mechanism [43].
Also, telmisartan activates PPAR-γ which may cause improvement
of IR and thus inhibiting atherosclerosis. Based on this background,
ADMA, as an intrinsic substance, may be clinically simple and useful
for evaluating vascular endothelial function. ADMA is metabolized by
DDAH. In the present study, administration of telmisartan resulted
in significant ameliorationin the high fat diet induced reduction of
Cardiol Pharmacol
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DDAH levels in rat kidneys. This suggests that elevated plasma NO
levels by telmisartan treatment in the present animal model resulted, at
least partially, from the improvement of plasma ADMA up-regulation
and of kidney DDAH down-regulation.
Finally, regarding taurine effect in ADMA and DDAH, it decreases
TC and LDL concentrations which would seem to preclude important
role of these lipids in ADMA levels as mentioned by Boger et al. [44],
who demonstrated that LDL-C up-regulated the synthesis of ADMA
in human endothelial cells through the induction of protein arginine
methyl transferase (PRMT), an enzyme associated with ADMA
production. Furthermore the activity of DDAH seems to be related to
oxidative stress. A wide range of pathologic stimuli induce endothelial
oxidative stress and consequently reduce DDAH activity in vitro and
in vivo. The adverse effect of these stimuli can be reversed in vitro by
antioxidants like taurine, which preserve the activity of DDAH [45].
Also, our data demonstrate a correlation between plasma ADMA
and fasting insulin levels (Table 3), suggesting that either telmisartan
or taurine action may be directly on DDAH or indirect action through
the change in insulin sensitivity.
Accumulating evidence has demonstrated a close association
between elevated ADMA levels and cardiovascular risk factors [34].
Therefore, the decrease in ADMA levels by treatment with either
telmisartan or taurine (with more significant effect of telmisartan) may
contribute to cardiovascular risk reduction, so that telmisartan may
constitute a novel therapeutic strategy in the field of cardiovascular
disease.

Conclusion
The main finding in the present study is that the protective effect
of either telmisartan or taurine in high fat diet induced obesity in rats
from vascular complications may be related to reduction of ADMA
concentration via increasing DDAH activity, decreasing MDA,
increasing PON-1 and improvement of insulin sensitivity, with more
effect in telmisartan than taurine treated group as indicated by the
significant differences between telmisartan and taurine treated group
in some parameters (SBP, plasma insulin, HOMA-IR, ADMA and
DDAH). Also, telmisartan had more significant effect than taurine
in blocking the development of hypertension as one of the associated
vascular complications in high fat diet induced obesity in rats by either
reduction of plasma ADMA or attenuation of oxidative stress. This
suggested that telmisartan changes disturbed NO/ROS balance toward
augmentation of NO leading to lowering of SBP. So, the results of the
present study suggested that telmisartan may be superior to taurine in
providing important health benefits in obese patients.
Thus either telmisartan or taurine may become interesting
therapeutic agents for prevention of cardiovascular complications
of obesity as well as for preventative therapy in other forms of
cardiovascular disease. Further studies will elucidate the molecular
mechanism by which telmisartan or taurine reversed the deleterious
metabolic affects in this model.
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