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Abstract: Objectives: Our work aimed to study the effect of experimentally induced obesity on the rate of advanced
glycated end products (AGEs) formation and the activity of angiotensin converting enzyme (ACE) and its relation to
oxidative stress and also to evaluate the protective effect of ramipril (an angiotensin converting enzyme inhibitor), valsartan
[an angiotensin II blocker; AT1 receptor blocker), and their combination on these obese animals. Materials and Methods:
The present study was conducted on ten female albino rats fed on standard chow as a control group and fifty obese animals
received for sixteen weeks high fat diet alone or in concomitant combination with either ramipril (2 mg/kg/day or 0.25
mg/kg) or valsartan (0.30 mg/kg/day) or the combination of both drugs (0.25 mg/kg of ramipril and 0.30 mg/kg of valsartan
daily for sixteen weeks). Blood, kidney and aortic AGEs, ACE activity and advanced oxidation protein products (AOPPs)
were measured. Results: The obtained results showed increase in triacylglycerols (TGs) levels (p<0.043) in the obese
animals versus the control group. The total blood cholesterol (TC) and LDL-cholesterol (LDL-C) levels, also, were
significantly higher (p<0.0001) in obese animals compared to the corresponding values in controls, with a significant
reduction in their levels in all treated groups except in group IV (p=.041) when compared to the control group. On the other
hand, HDL-cholesterol (HDL-C) was significantly lower (p<0.0001) in the obese animals compared to its level in the
controls. The obese animals showed significant increase in their blood glucose and serum insulin levels when compared to
the controls [(p<0.037) and (p<0.045), respectively]. The results, also, revealed that obesity was associated with a
statistically significant increase in the blood, kidney and aortic tissue levels of AGEs, ACE and AOPPs compared to their
corresponding values in the control group. Treatment with ramipril, valsartan and their combination caused significant
reduction in serum and tissue levels of both AGEs and AOPPs when compared with the obese group. On the other hand,
ACE activity was markedly reduced following the administration of ramipril alone or when it is combined with valsartan,
while the administration of valsartan alone showed no significant effect on the activity of ACE when compared to the obese
group. Moreover, combination of ramipril (at a submaximal antihypertensive dose of 0.25 mg/kg/day) with valsartan
produce a marked reduction in all parameters examined compared to valsartan alone. Conclusion: combination of ramipril
and valsartan showed more therapeutic effect compared to individual therapy with ACE inhibitor or AT1 receptor blocker.
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1. Introduction
Obesity is an independent risk factor for many diseases.
The insulin resistance associated with obesity contributes to
the development of many cardiovascular risk factors,
including dyslipidemia, hypertension and type II diabetes.
The rise in plasma insulin levels may elevate blood
pressure levels by a variety of mechanisms, including
increased sympathetic activity and sodium retention [1] [2].
Obesity induces changes in the renal medulla that result in
activation of rennin angiotensin system that may also
contribute to sodium retention and hypertension [3]. The
rennin angiotensin system (RAS) is present in the
vasculature and organs such as the heart and kidney, as well
as adipocytes, where it is functionally active [4] [5].
Angiotensin converting enzyme (ACE) is a plasma
membrane-bound zinc metallopeptidase, primarily residing
on the surface of epithelial and endothelial cells, it has
several functions related to the RAS. It is a dipeptidyl
carboxypeptidase, releases C-terminal his-leu from
decapeptide angiotensin I converting it into the powerful
vasoconstrictor and salt retaining compound angiotensin II
[6] [7]. ACE plays a key role in regulating blood pressure
(BP) as well as fluid and electrolyte balance [8] [9]. Due to
its effects on the vascular tone and the formation of
atherosclerotic plaque, it has been demonstrated that RAS
blockade, by either ACE inhibition or angiotensin receptor
blockade, has distinct reno - protective and cardiovascular
protective effects, but which of the two drug classes confers
more protection is still a matter of debate [10].
There is evidence that there is a linkage between insulin
resistance (IR) and glucose intolerance (IGT) in obese
individuals to an increased risk of coronary heart disease
(CHD) and atherosclerosis, but the mechanisms responsible
for that are poorly understood [11]. One of the potential
mechanisms by which hyperglycemia might contribute to
CHD is through the formation of advanced glycated end
products (AGEs) [12], which are heterogeneous group of
compounds formed from nonenzymatic glycation of
intracellular and extracellular proteins by hyperglycemia,
participating in the many complications of diabetes [13].
The accumulation of AGEs will lead to tissue damage
through a variety of mechanisms, including structural
modification of proteins, accumulation of cellular
responses via receptor specific for AGE proteins and the
generation of reactive oxygen species [14] [13]. The
receptors for AGEs (RAGE) are expressed by a variety of
different cell types. AGE-RAGE interactions result in the
generation of reactive oxygen species and nuclear factor κβ
activation in endothelial and smooth muscle cells, which
could in turn contribute to the tissue damage and metabolic
imbalances seen in diabetic complications [15].
Additionally a recent study has demonstrated the activation
of NADPH oxidase by AGEs [16].
Oxidative stress is widely recognized as a key
component in the development of many pathological
complications. It is unknown whether it is an important link
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between hyperglycemia and its complications or whether it
is a consequence of primary pathologic mechanisms [17].
For a long time, products of lipid peroxidation were
considered as good markers for the evaluation of the degree
of oxidative stress in an organism, however there are
different evidences confirming the importance of advanced
oxidation protein products (AOPPs) as markers of
oxidative stress and the degree of protein damage in many
pathological and disease conditions in living organisms [18]
[19] [20]. AOPPs are the terminal products of protein
exposure to the free radicals and once formed they act as
endogenous oxidants [21]. Recent studies have
demonstrated that inhibition of reactive oxygen species
(ROS) in cultured bovine endothelial cells exposed to
glucose interferes with multiple independent pathways of
hyperglycemic damage, including nuclear factor κβ (NF-κβ)
activation and formation of AGEs [22] [23].

2. Materials and Methods
2.1. Animals
A total of 60 Inbred mature female albino rat (Sprague
Dawley strain), average weight 130-140g, were obtained
from the animal facility of The Faculty of Medicine, Mutah
University. They were maintained under standard
conditions 12:12 light: dark cycle at room temperature
24±1oC, and 50%±10% relative humidity. All animals were
kept in wire mesh cages and drinking tap water ad libitum.
The experiments were conducted according to the ethical
norms approved by the Faculty Ethics Committee. The rats
were randomly distributed in six groups (ten rats in each
group):
Group I: received normal diet (rat chow) for 16 weeks
(control group).
Group II: received high fat diet for 16 weeks.
Group III: received high fat diet and oral administration
of ramipril 2 mg/kg daily for 16 weeks; this dose was
administered as it produces blood pressure lowering effect
[24].
Group IV: received high fat diet and oral administration
of ramipril 0.25 mg/kg daily for 16 weeks; this dose was
administered as a submaximal antihypertensive dose that
produces blood pressure lowering effect [25].
Group V: received high fat diet and oral administration
of valsartan 30 mg/kg daily for 16 weeks; this dose was
administered as it decreases advanced glycated end
products [26].
Group VI: received high fat diet and oral administration
of ramipril 0.25 mg/kg and valsartan 30 mg/kg daily for 16
weeks.
The high fat formula was similar to that used by
Lemmonnier [27], but the lard shortening was replaced by
palm oil which contained the same proportion of saturated
to polyunsaturated fatty acids [28].
2.2.1. Sample Collection
After 6 hours of fasting, the animals were anaesthetized

243

Said Al-Dalaen et al.: Ramipril and Valsartan as Protective Agents against Some Complications of an Experimentally
Induced Obesity in Rats

by ether and while the heart is still beating, 3 ml blood was
collected via cardiac puncture. Blood samples were kept in
plain glass clotting tubes, then serum was separated from
blood clots by centrifugation and was stored in aliquots at 70oC until used for determination of glucose level, insulin
level, lipid profile, serum AGEs, AOPPs and ACE activity.
The animals were sacrificed according to the current animal
care regulations; both kidneys and thoracic aorta were
removed, washed three times in ice cold saline, and stored
immediately at -70oC. They were used to determine tissue
AGEs, AOPPs and ACE activity. Protein content within
tissue homogenates was measured according to the method
of Bradford [29].
2.2.2. Blood Glucose
Determination of blood glucose level was done by the
glucose oxidase method [30].
2.2.3. Insulin Level
Quantitative determination of serum insulin level was
done using ELISA [31].
2.2.4. Serum AGEs
Serum AGEs and the total protein content of all samples
was measured and adjusted to 10 mg/ml. Fluorescence was
measured at 370 nm excitation and 440 nm emission using
fluorescence spectrometer and expressed as relative
fluorescence compared with that of 10 mg/ml bovine serum
albumin (BSA) as standard [32].
2.2.5. Tissue AGEs
Tissues were homogenized in phosphate buffered saline,
washed in chloroform/methanol solution, digested with
type II collagenase at 37oC for 24 hours and then
centrifuged at 6000 rpm for 15 minutes. The
hydroxyproline content was estimated by a colorimetric
assay after hydrolyzing the supernatant using HCl (6 mol / l)
[33]. The fluorescence of tissue AGE was measured
spectrofluorometrically with excitation/emission of
370/440 nm, the fluorescence values were corrected for
collagenase blank, then they were expressed in arbitrary
units (AU) per mg collagen, assuming that the fluorescence
of native collagen with a concentration of 1 mg/ml equals
one AU. The collagen content of samples was determined
by an indirect method assuming that collagen contains 14%
hydroxyproline [12].
2.2.6. AOPPs
Plasma and tissue levels of AOPPs were determined
using semiautomated spectrophotometric method [34] on a
microplate reader and were calibrated with chloramines-T
solutions. As the absorbance of chloramines-T at 340 nm is
linear within the range of 0-100 µmol/L. AOPP
concentrations were expressed as µmol/L chloramines-T
equivalents.
2.2.7. ACE Activity
Tissue was homogenized in 0.4 mol/l borate pH 7.2
containing 0.34 mol/l sucrose and 0.9 mol/l NaCl (1 mg

tissue/ml). Homogenates were centrifuged at 3000 rpm for
10 minutes; the supernatants were used for fluorimetric
determination of ACE activity as described by Oleveira et
al [35]. Briefly, serum samples and supernatants from
homogenized tissues (20 µl) were incubated with 480 µl
assay buffer containing 5 mmol/l Hip-His-Leu in 0.4 mol/l
sodium borate buffer with 0.9 mol/l NaCl, pH 8.3; sodium
borate buffer with 0.1% Triton X-100 with 0.9 mol/l NaCl
pH 8.0 for 30 minutes at 37oC. The reaction was halted by
adding 1.2 ml 0.34N NaOH. The product His-Leu was
measured at 365 nm fluorimetrically at 365 nm excitation
and 495 nm emission after addition of 100 µl 0phthaldialdehyde (20 mg/ml) in methanol. This was
followed by 10 minutes later by the addition of 200 µl 3N
HCl, then, centrifuged at 3000 rpm for 10 minutes at room
temperature. To correct for the intrinsic fluorescence of the
tissues, blanks were made by adding the samples to the
reaction after the addition of NaOH. All experiments were
performed in duplicate. The samples were assayed within
10- second intervals. The specificity of the assay was
determined on the basis of inhibition of ACE activity with
the compound enalaprilat MK-422 (3µmol/l). ACE activity
was related to tissue protein as measured by the method
adopted by Bradford [29].
Lipid profile was quantified spectrophotometrically
using kits supplied by BioMerieux Vitex Inc.
2.3. Statistical Analysis
The values of the measured parameters were expressed
as mean±SE. The difference between groups was
determined using ANOVA test, p< 0.05 values were
considered significant. All the statistical analyses were
processed using Statistical Program of Social Sciences
(SPSS) for windows, version 16.

3. Results
Initially there was no significant difference in body
weight between the control group and all other groups.
However following the 16 weeks, there was a statistically
significant increase of 14.5% in the weight of the high fat
diet groups of animals versus the control group. The study
also, showed that obese animals exhibited marked
dyslipidemia, in the form of increased triacylglycerols (TGs)
levels (80.29±0.46 mg/dl for group II) compared to the
control group (51.39±0.85), with no significant change (p
values were 0.929, 0.940, 0.828 and 0.995 in groups III, IV,
V and VI, respectively) in the levels of TGs in all treated
groups compared to the obese untreated group. The total
blood cholesterol (TC) and LDL-cholesterol (LDL-C)
levels, also, were significantly higher (p<0.0001) in obese
animals (79.97±0.36 mg/dl and 40.97±0.64 mg/dl,
respectively) compared to the corresponding values in
controls (71.67±0.51 mg/dl and 33.25±0.30 mg/dl,
respectively), with a significant reduction in their levels in
all treated groups except in group IV (p=.041) when
compared to the control group. On the other hand, HDL-
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cholesterol (HDL-C) was significantly lower (p<0.0001) in
the obese animals (20.97±0.64 mg/dl) compared to its level
in the controls (28.29±0.26 mg/dl), with no significant
change (p values were 1, 0.608, 0.508 and 1 in groups III,
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IV, V and VI, respectively) when animals were treated with
ramipril, valsartan or their combination. VLDL-cholesterol
(VLDL-C) levels did not show statistically significant
difference between all groups as shown in table (1)

Table 1. Lipid profile in studied groups (mg/dl) expressed as mean±SE
Parameter
TGs (mg/dl)
TC (mg/dl)
HDL-C (mg/dl)
LDL-C (mg/dl)
VLDL-C (mg/dl)
*

Group I
51.39±0.85
71.67±0.51
28.29±0.26
33.25±0.30
10.93±0.22

Group II
80.29±0.46 *
79.97±0.36 *
20.97±0.64 *
40.97±0.64 *
13.95±0.38 *

Group III
77.99±1.98 *
76.87±1.48
20.89±0.55 *
40.69±0.70 *
14.43±0.54 *

Group IV
78.09±1.58 *
76.77±0.69
19.49±0.31 *
40.15±0.68 *
15.63±0.29 *

Group V
77.39±1.43 *
78.17±0.88 *
22.59±0.53 *
38.55±0.54 *
14.74±0.22 *

Group VI
79.02±1.57 *
78.19±1.77 *
20.72±0.80 *
38.74±0.54 *
13.88±0.46 *

Significant when compared to the corresponding values in group I

The mean value of blood glucose in the control group
was 131.68±0.5 mg/dl, while the obese animals showed a
significant elevation in their blood glucose levels as shown
in table 2. Treatment with ramipril, valsartan, or their
combination caused no significant decrease (p values were
0.102, 0.070, 0.997 and 0.123 in groups III, IV, V and VI,
respectively) in blood glucose level compared to obese

group II. Similarly, obese animals showed statistically
significant elevation in serum insulin level (39.1±2.26
mIU/ml) compared to the control group (19.6±0.30
mIU/ml), the treated animals with ramipril, valsartan or
their combination showed no significant decrease in insulin
levels (table 2)

Table 2. Comparison between blood glucose (mg/dl) and insulin (mIU/ml) levels in the studied groups (mean±SE)
Parameter
Blood glucose
Insulin level

Group I
131.39±0.5
19.6±0.3

Group II
179.98±0.97 *
39.1±2.26 **

Group III
168.38±1.93 * #
37.7±0.69 **

Group IV
172.09±1.9 *
38.7±0.49 **

Group V
178.68±1.35 *
38.6±0.53 **

Group VI
166.78±2.37 * #
35.37±0.95 **

* Significant when compared to the corresponding values in group I
# Significant when compared to the corresponding values in group II
** Significant when compared to the corresponding values in group I

Table 3 represents the levels of advanced glycated end
products (AGEs) in the serum, kidney and aortic tissues it
showed that obesity was accompanied by a statistically
significant increase in the blood, kidney and aortic tissues
levels of AGEs (59.52±0.58 AU/ml, 44.55±1.29 AU/mg
collagen and 39.73±0.78 AU/mg collagen, respectively)

compared to their corresponding values of the control
group (32.02±0.37 AU/ml, 20.25±0.36 AU/mg collagen and
18.63±0.26 AU/mg collagen, respectively). The treatment
of the animals with ramipril, valsartan and their
combination caused significant reduction in their levels
both in serum and tissues compared to group II (figure, 1)

Figure 1. Levels of Advanced glycated end products (AGEs) in serum, kidney and aortic tissues in the studied groups
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Table 3. Levels of advanced glycated end products (AGEs) in serum (AU/ml), kidney and aortic tissues (AU/mg collagen) expressed as mean±SE
AGEs
Serum
Kidney tissues
Aortic tissues

Group I
32.02±0.37
20.25±0.34#
18.63±0.26

Group II
59.52±0.58 *
44.55±1.3
39.73±0.78

Group III
37.72±0.81*
32.25±0.51 #
24.23±1.11

Group IV
38.82±0.62 *
35.95±1.23 #
29.43±0.49

Group V
34.62±0.3
33.95±1.02 #
26.53±0.46

Group VI
31.08±0.4
29.53±0.37 #
20.26±0.45

* Significant when compared to the corresponding values in group I
#
Significant when compared to the corresponding values in group II

Table 4 and figure 2: showed statistically significant
increase in the blood, kidney and aortic tissue levels of
AOPPs (58.62±0.88 µmol/L, 210.0±2.14 µmol/mg protein
and 204.2±2.62 µmol/mg protein, respectively) versus their
corresponding values in the control group (22.12±0.23

µmol/L, 108.0±1.46 µmol/mg protein and 119.6±1.12
µmol/mg protein, respectively). Treatment with ramipril,
valsartan and their combination resulted in a significant
reduction in their levels in both serum and tissues in
comparison to group II.

Table 4. Levels of advanced oxidation protein products (AOPPs) in serum (µmol/L), kidney and aortic tissues (µmol/mg protein) expressed as mean±S.E
AOPPs
Serum
Kidney tissues
Aortic tissues

Group I
22.12±0.23 &
108.0±1.46 &
119.6±1.11 &

Group II
58.62±0.88 * &
210.0±2.14 * &
204.2±2.62 * &

Group III
39.52±0.80 * # &
150.5±1.11 * # &
134.0±2.59 * # &

Group IV
40.32±0.67 * #
161.8±1.4 * #
128.6±1.54 * #

Group V
37.92±0.50 * # &
159.0±1.26 * # &
128.6±1.54 * # &

Group VI
45.69±1.1 * # &
149.9±2.3 * # &
147.5±1.78 * # &

* Significant when compared to the corresponding values in group I
#
Significant when compared to the corresponding values in group II
&
Significant when compared to the corresponding values in group VI

Figure 2. Levels of advanced oxidation protein products (AOPPs) in serum, kidney and aortic tissues

Obesity was associated with significantly higher
activities of ACE in blood, kidney and aortic tissues
(43.26±1.00 nmol His-leu/min/ml, 15.22±0.52 nmol Hisleu/min//mg protein and 229.8±1.58 nmol His-leu/min/mg
protein) compared to their corresponding values in the
control group (20.66±0.5 nmol His-leu/min/ml, 8.62±0.23
nmol His-leu/min//mg protein and 1178±1.88 nmol Hisleu/min/mg protein) as illustrated in table 5 and figure 3.

Treatment with ramipril only (groups III and IV) and in
combination with valsartan (group VI) prevented
significantly the increase in the activity of ACE in obese
animals when compared to untreated group II. On the other
hand, treatment with valsartan alone produced no
significant effect on its activity. Moreover it was noted that
there was no significant differences in ACE activity levels
between groups III, IV and VI.
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Table 5. Levels of the activity of angiotensin converting enzyme (ACE) in serum (nmol His-leu/min/ml), kidney and aortic tissues (nmol His-leu/min/mg
protein) expressed in mean±S.E
ACE activity
Serum
Kidney tissues
Aortic tissues

Group I
20.66±0.5 #
8.62±0.3 #
117.8±1. 88 #

Group II
43.26±1.0 *
15.22±0.52 *
229.8±1.58 *

Group III
11.86±0.48 * #
5.52±0.19 * #
112.3±1.32 * #

Group IV
15.06±0.27 * #
6.12±0.14 * #
112.3±1.34 * #

Group V
45.56±1.23 *
14.59±0.53 *
219.8±1.44 * #

Group VI
14.33±0.3 * #
6.38±0.19 * #
116.2±1.78 * #

* Significant when compared to the corresponding values in group I
#
Significant when compared to the corresponding values in group II

All measured parameters showed no significant
difference between group III (received 2 mg/kg/day
ramipril) and group IV (received 0.25 mg/kg/day ramipril)
except for the level of AGEs in aortic tissues and the level
of AOPPs in renal tissues. Furthermore, the obtained results
indicates that the combined administration of ramipril (0.25

mg/kg/day) and valsartan in group VI produced additive
significant reduction in serum and tissues levels of both
AGEs and AOPPs compared to group III (ramipril 2
mg/kg/day), group IV (ramipril 0.25 mg/kg/day) and group
V (valsartan alone).

Figure 3. Levels of the activity of angiotensin converting enzyme (ACE) in serum, kidney and aortic tissues

4. Discussion
A high fat diet intake is considered to be a major factor
in the development of insulin resistance and obesity [36].
The feeding of high fat diet to rats was proved to be a
useful model of putative effects of the dietary fat in humans,
and there is an evidence of reduced induced insulinmediated glucose metabolism in muscle and adipose tissues
isolated from animals fed a high fat diet [37]. Female
laboratory rats had growth curves that become stationary
with age, and with decreasing the rate of weight gain by
time, make it easier to detect any experimental effects on
body weight. In contrast, male albino rats show a continual
linear increase in growth with age making it more difficult
to detect the effect of diet on weight [38].
Higher levels of blood glucose and serum insulin were
detected in obese female rats in this study, indicating the
development of insulin resistance (IR) which agrees with

many studies [36] [37]. As indicated above the significant
decrease in insulin levels following the treatment with
ramipril is also supported by the previous results obtained
by Valensi et al. [38] who suggested that low dose of
ramipril can increase insulin action and improves insulin
sensitivity in obese subjects. Wang et al. [24] demonstrated
that ramipril had a tendency to improve whole body insulin
sensitivity with respect to enhancement of glucose uptake
in skeletal muscles, and it also caused improvement of IR
that accompanied high fat diet and obesity. Conversely, a
reported data suggested the lack of ramipril on fasting
glucose, insulin, or IR [39] which was attributed to the
short one week study time.
The lipid profile in the current study showed that obese
animals had higher levels of TGs, TC and LDL-C with
lower HDL-C than the control group which agrees with the
results obtained by Boivin and Deshaies [40] who found
that high fat diet induced obesity in rats produces
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dyslipidemia with increased serum levels of TGs, TC and
LDL-C as well as higher levels of glucose and insulin in
the blood. As illustrated above, treated animals with
ramipril, valsartan and their combination exhibited,
although, mild but significant, lowering effect on both TC
and LDL-C levels without any significant effects on TGs
and HDL-C levels compared to the obese untreated group.
This finding is consistent with many previous results
reported that both ramipril [41], and valsartan can produce
a considerable beneficial effects on lipid profile by
lowering TC and LDL-C levels [42].
The present study revealed that obesity was associated
with activation of ACE in kidneys, aortic tissues and serum,
which agrees with other studies that found positive
correlation between plasma levels of angiotensin & ACE
and activation of rennin angiotensin system (RAS) [43].
Obesity was associated with significant elevation in both
serum and tissue levels of AGEs see table 3. The increased
in AGEs levels could be explained by the significant
elevation of blood glucose level, and IR in the same
animals. It has been stated that prolonged exposure of
proteins or lipids leads to nonenzymatic glycation of
proteins leading to the formation of variety of chemically
modified proteins known as AGEs [44]. Furthermore, it has
been proposed that auto-oxidation of glucose may be the
more likely candidate as the source of reactive oxygen in
diabetes. Auto-oxidation produces glyoxal and arabinose
from glucose along with superoxide radical and hydrogen
peroxide, providing a logical route for the formation of
AGEs and ROS via the Millard reaction [45]. The
pathogenisity of AGEs is related to their irreversible
formation and ability to accumulate to tissues, with
formation of collagen cross-links resulting in increase
tissue rigidity [13]. Alternative mechanisms that might
explain AGEs generation of reactive oxygen species (ROS)
involve the interaction of AGEs with their receptor, leading
to generation of ROS through stimulation of membrane
bound NADH/NADPH oxidase, which is an enzyme
system that use NADH and/or NADPH as substrates for the
production of superoxide anions, this system, also, is
activated in response to angiotensin II [16] [46]. Therefore,
in conditions in which the local and/or systemic rennin
angiotensin system is activated, one would expect
superoxide production to be increased [47]. Superoxide
itself however is chemically inert but in combination with
nitric oxide (NO), it generates the ROS, peroxynitrite
(OONO-). A characteristic reaction of OONO- is the
nitration of protein-bound tyrosine residues enhancing
protein and lipid peroxidation [47]. Thus, excess vascular
superoxide has the dual effect of reducing the bioactivity of
NO and promoting vascular oxidative stress. Furthermore,
superoxide is subjected to dismutation by superoxide
dismutase producing H2O2, an agent typically associated
with lipid and protein oxidation in the presence of
transition metals [48]. In the present study, the increased
levels of AOPPs in obese animals with higher levels of
AGEs and ACE could be explained on the basis of these

data. The decreased both tissue and blood levels of AGEs
and AOPPs in group III after using ramipril might be due to
its role in interruption of the RAS. Multiple mechanisms
have been postulated to explain the protective effects of
these agents. It is conceivable that blockade of the RAS
alone may have effects on AGEs accumulation and
consequently reducing oxidative stress, it was reported that
angiotensin converting enzyme inhibitor (ACEI) have been
shown to improve the antioxidant defense with the
evidence that ramipril administration results in a mild
decline in AGEs and AOPPs [49]. Moreover, previous
invitro study on culture cells exposed to AGEs
demonstrated a reversal in AGE-induced collagen
production by the ACEI ramipril and the increased
expression of AGEs receptors were, also attenuated by
ACE inhibition [50]. Additionally, ACE inhibitors represent
a novel antioxidant strategy that targets oxidative stress as
its source, and limits vascular NAD(P)H oxidase
stimulation, thus preventing increased superoxide flux
associated with activation of the RAS and, also, ACE
inhibition of protein oxidation through decreased formation
of peroxynitrite and reduced AGEs formation [51].
Treatment with valsartan reduces tissue and blood AGEs
levels, see figure 1, which agrees with those results
obtained by Miyata et al. [50]. Their results showed that the
blockade of angiotensin II AT (1)-receptor stimulate the
differentiation of adipocytes and the storage of free fatty
acids (FFA) leading to the reduction of plasma FFA and
producing a decrease of the IR. Recently, it was proved that
valsartan can inhibit angiotensin II-induced peroxynitrite
formation [52] and exhibit a significant improvement in
insulin-dependent glucose uptake by skeletal muscles, also,
it can reduce the whole body IR in the models of rats by
over-expressing angiotensin II with decreased superoxide
production, indicating that oxidative stress plays an
important role in angiotensin II-mediated IR [53].
Recent studies showed that administration of valsartan to
type 2 diabetic and atherosclerotic animal models
significantly increased the expression of NAD(P)H oxidase
with the enhancement of superoxide anions production, also,
there was an inhibition of the oxidative stress and partial
restoration of the decreased insulin contents in islets without
any effect on cholesterol concentration in the atherosclerotic
animal model [51]. Forbes et al. [26], reported that renoprotective doses of valsartan are associated with a significant
reduction of tissue and plasma AGEs.
The combined therapy of both ramipril and valsartan,
shown earlier, has favorable results over the monotherapy
of either ramipril or valsartan alone, as it reduces plasma
and tissue levels of AGEs and AOPPs. The use of a
combination of an ACEI and angiotensin II receptor
blocker was principally to obtain the broadest and the most
efficient blockade of the effects of angiotensin rennin
system (RAS). The main idea behind the use of such a
combination is based upon the escape from angiotensin
converting enzyme (ACE) effects, a mechanism by which
the levels of angiotensin II and aldosterone return to the
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pretreatment levels despite continuous treatment with an
ACEI. Also, the two drugs combination would diminish the
ACE escape phenomenon, while, preserving the effect on
bradykinin degradation from the ACEI [54]. It is well
established that ACEI potentiates the effects of exogenous
bradykinin by inhibiting its breakdown, while, there was no
evidence that angiotensin II type 1 receptor antagonists can
do the same [9].
Furthermore, Yagi et al. [55] demonstrated that
combination therapy of ACE inhibitors and angiotensin II
receptor blockers (either in high or low doses) exerts an
extra inhibitory effect on the oxidative stress parameters,
seemingly through an increase in production and
bioavailability of NO from the endothelium. Moreover,
their combination seems to provide better long-term renoprotection than monotherapy [10].
The present study showed that there was no significant
difference between groups of animals which were
administrated with ramipril and those administrated with
valsartan. In a comparative study of four weeks therapy
with either ramipril or losartan, it was shown that they
increased extracellular superoxide dismutase activity and
the bioavailability of NO to a similar extent [24].
Although early results suggested an equivalence between
ACEI and angiotensin II effects, but, the later offers the
potential of complete blockade of angiotensin II, selective
inhibition of the AT1 receptor and specificity for the RAS,
with the undisputed advantage of excellent tolerability [56].

5. Conclusion
Obesity is associated with dyslipidemia and elevated
levels of blood glucose, insulin, AGEs, AOPPs and ACE
activity. Treatment of animals with a high dose or a
submaximal antihypertensive dose of ramipril or valsartan
produces a decrease in TC and LDLC levels, markedly
decreases AGEs formation and reduces oxidative stress by
lowering AOPPs levels. Valsartan or ramipril, which are
currently used as antihypertensive drugs, could be of
beneficial use in cases of obesity with or without diabetes.
The combination of both drugs produces a marked
reduction in those parameters compared to the use of
valsartan or ramipril individually. Thus, their combination
has more therapeutic effects than the monotherapy with
ACEI or AT1 receptor blocker.
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