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ABSTRACT

The present work aimed to study the effects of carvedilol, a third generation g-blocker
with antioxidant and a-blocking activities, on glycemic control and cardioprotection
in type 2 diabetes mellitus (DM) induced in rats by high fat diet (HFD). Seventy-two
male albino rats (5 weeks of age) weighing 80-90g were exposed to dark/light cycle of
12/12 hours and randomly divided into six groups, each of 12 rats. Rats of Control
Group were fed standard rat chow. Rats of HFD Group were fed HFD for induction
of type 2 DM. Rats of the last 4 groups were the Carvedilol-S Group, the Carvedilol-
L Group, the Propranolol Group and the Aminoguanidine Group. They were fed
HFD and treated with carvedilol (2mg/kg/day), carvedilol (20 mg/kg/day),
propranolol (30 mg/kg/day) and aminguanidine (20 mg/kg/day) respectively All drugs
were given orally by gavage in the morning. The animals were under feeding and
subsequent treatments daily for 12 weeks. At the end of the experiment, rats were
sacrificed, blood samples collected, centrifuged and sera were separated and stored
at -80°C till the time of analysis. The epididymal fat pads and one of the
gastrocnemius muscles were excised, blotted dry and weighed and the weight ratio
was recorded as the body composition index (BCI). Hearts were rapidly exposed and
excised, washed in cold phosphate buffered saline (PBS), pH 7.4, blotted dry and
weighed. The ratio between heart weight and body weight was calculated as heart
weight index (HWI). Immediately, the hearts were flash-frozen in liquid nitrogen and
kept frozen at -80°C until the time of analysis. The parameters assayed were: serum
lipid profile, lipid peroxides, insulin, glucose, myocardial lipid peroxides, superoxide
dismutase (SOD) and catalase (CAT) enzymes, nitric oxide (NO) and oral glucose
tolerence test (OGTT) where rats were fasted for 15 hours and glucose was given by
gavage at a dose of 2 g/kg then 6 blood samples were taken from retroorbital vien at
half hour intervals. Results: HFD in male albino rats for 12 weeks induced type 2
DM. Dyslipidemic changes in these animals were observed as increased serum levels
of total cholesterol (TC), low density lipoporotein-cholesterol (LDL-C), triglycerides
(TGs) and decreased levels of high density lipoporotein-cholesterol (HDL-C). In
addition, HFD induced oxidative and nitrative stress as evidenced by the increase in
serum and myocardial levels of lipid peroxides and concomitant decrease in
myocardial SOD and CAT and increased NO metabolites. HFD also induced
cardiovascular complications as indicated by increased HWI in the HFD group.
Administration of carvedilol in both dose levels had positive impact on glucose

153



Bull. Egypt. Soc. Physiol. Sci. 28 (1) 2008 Abdel-Hakim & Abdel-Raheem

homeostasis and lipid profile in HFD-fed animals. Propranolol, on the other hand,
had an ameliorative effect on glucose metabolism but did not improve dyslipidemic
changes induced by HFD and diabetes. In addition, administration of
aminoguanidine had slight effect on glucose tolerance and lipid profile. No
appreciable differences were observed among the four treated groups with regard to
glucose homeostasis. The best effects of the drugs under investigation regarding
prevention of dyslipidemia were attributed to large dose carvedilol followed by small
dose and aminoguanidine while propranolol did not prevent development of
dyslipidemia. Oxidative stress was antagonized to variable extents in the four drug
treatment regimens. The best results were attributed to carvedilol in both dose levels.
However, both propranolol and aminoguanidine showed antioxidant activities. All the
three groups on S-blocker regimen displayed normalization of myocardial NO level.
Conversely, aminoguanidine decreased this level dramatically. Conclusion:
carvedilol showed dose-dependent improvements on glucose and lipid homeostasis,
oxidative and nitrative stress. However, better effects were observed with the small
dose on myocardial antioxidant activity. These effects might contribute but do not
fully explain the dose-independent cardioprotection observed in the present study.
Key Words: High Fat Diet, Lipid Profile, Lipid Peroxides, p-blocker, Antioxidants,
SOD, CAT, NO, Type 2 Diabetes Mellitus, Diabetic Cardiomyopathy,
Cardioprotection, Carvedilol, Propranolol, Aminoguanidine.

and over 50% of all patients die of
CHD®. Clinical manifestations and

Diabetes mellitus  (DM), a pathophysiological mechanisms of
complex metabolic disorder diabetic angiopathy can be attributed
characterized by a state of chronic mainly to the development of
hyperglycemia. That complex disease endothelial dysfunction. This can be
condition has two major presentations, manifested as alterations in the
type 1 and type 2 DM. The incidence endothelial nitric oxide synthase
of that disease worldwide is (eNOS)/nitric oxide (NO) system, NO

progressively increasing mainly due to production  or  availability”.  In

INTRODUCTION

the increase in energy intake, leading addition, many interacting
to obesity. Because over 80% of all mechanisms may be involved in such
diabetic subjects have type 2 DM, endothelial dysfunction,
which is usually diagnosed after the hyperglycemia per se” or through the

accumulation of advanced

age of 40 years, the increase in the
number of diabetic individuals implies
an epidemic of type 2 DM".
Cardiovascular disease is the
major cause of morbidity and
mortality in people with DM?2
Coronary heart disease (CHD) and
diabetic angiopathy, in particular, are
major complications of that condition,

glycosylation end products®, increased
oxidative stress leading to eNOS
uncoupling’ and NO-quenching by
excess superoxide®, are thought to be
responsible for this imbalance in NO
metabolism. On the other hand,
reactive oxygen species (ROS) have
been implicated in cardiovascular
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diseases, including cardiomyopathy’,
and  antioxidants  have  been
demonstrated to provide partial
protection in diabetes-induced
cardiomyopathy’.

High fat diet (HFD) is a well
known mechanism to induce type 2
DM by increasing the energy intake,
leading to obesity and decreased
sensitivity to insulin by down
regulation of insulin receptors. HFD
induce insulin resistance by reducing
insulin mediated signaling pathways
and inducing inflammatory cytokines
that antagonize many of the actions of
insulin™'",

The B-adrenergic blockers are a
group of sympatholytic drugs first
introduced as anti-anginal agents'2. -
blockers are considered first choice or
at least good alternatives to other
drugs in cardiovascular as well as
non-cardiovascular conditions".
Carvedilol, a non selective [-
adrenoceptor blocker with
vasodilating  properties,  exerted
primary  though  selective a-1
blockade', has been shown to posses
a high degree of cardioproterction in
experimental models of myocardial
damage®. In addition, it was also
shown to decrease low density
lipoprotein (LDL) oxidation through
its antioxidant properties'®.

Aim of the Work:

The aim of the present study was
to evaluate the effects of carvedilol on
glycemic control, insulin sensitivity
and cardioprotection in an animal
model of HFD-induced type 2 DM.
An attempt to explore the possible
mechanisms of these effects was
considered.

MATERIALS & METHODS

I- Experimental Design:

The animals used in the present
study were male albino rats (5 weeks
of age) weighing 80-90g. Animals
were exposed to dark/light cycle of
12/12 hours while food and water
were available ad libitum except for
the time before taking blood samples
or performing oral glucose tolerance
test (OGTT). The rats were randomly
divided into six groups, each of 12
rats:

1. Control Group: In which animals
were fed standard rat chow.

2. HFD Group: In which animals
were fed high fat diet (HFD) for
induction of type 2 DM according to
the method described by Susini and
Lavau (1978) '. The HFD was
prepared by mixing the following:
Casein 30%, beef fat 40%, wheat flour
7%, glucose 10%, salt mixture 6%,
vitamin mixture 3% (Vitamins: A
5000 IU/g, D3 100 IU/g, By 1 mg/g, B,
1.25mg/g, B¢ 0.5 mg/g, By, 5 pg/g, C
15 mg/g, By mg/g, and K3 0.75 mg/g,
in addition to amino acids: methionine
25mg/g and lysine 20 mg/g), and bran
4% and sufficient water to form a
consistent paste. During the course of
feeding, random blood samples were
taken and subjected for glucose
estimation. Rats with glucose level of
150 mg/dl were considered diabetic’.
3. Carvedilol-S Group: In which the
rats were under HFD + carvedilol
(2mg/kg/day)

4. Carvedilol-L. Group: In which the
rats were under HFD + carvedilol (20
mg/kg/day)

5. Propranolol Group: In which the
rats were under HFD + Propranolol
(30 mg/kg/day)
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6. Aminoguanidine Group: In which
the rats were under HFD +
Aminoguanidine (20 mg/kg/day).

All drugs were given orally by
gavage in the morning. The doses of
the drugs were chosen according to
previous studies; carvedilol™,
propranolol'™, and aminoguanidine'.
The animals were under feeding and
subsequent treatment daily for 12
weeks.

At the end of the experiment,
blood samples were collected,
centrifuged at 3500 rpm for 10
minutes and sera were collected and
stored at -80°C till the time of
analysis. For determination of fasting
glucose level and during OGTT, blood
samples were collected according to
the method described by Van Herck
et al. (1992) %

I1. Tissue Isolation and Preparation:

The epididymal fat pads and one
of the gastrocnemius muscles were
excised, blotted dry and weighed and
the weight ratio was considered an
index of body composition index
(BCD*. In addition, hearts were
rapidly exposed and excised, washed
in cold phosphate buffered saline
(PBS), pH 7.4, blotted dry on a filter
paper and weighed. The ratio between
heart weight and body weight was
calculated as heart weight index
(HWD?*, which is taken as an
indicator of diabetic
cardiomyopathy.Immediately, the
hearts were flash-frozen in liquid
nitrogen and kept frozen at -80°C
until the time of analysis. Prior to
analysis, myocardial tissues were
homogenized in cold PBS (pH 7.4),
centrifuged and the supernatant was
separated.

I11-Biochemical Assays:

a)Serum glucose was determined
enzymatically by the method
introduced by Trinder (1969)>.

b)Oral Glucose Tolerance Test
(OGTT) was determined according
to the method described by Kim et
al. (1997) **. The animals were
fasted for 15 hours before the test.
Glucose was administrated by
gavage at 0 time in a dose of 2 g/kg.
blood samples were collected from
retroorbital veins at 0 time and at
30, 60, 90, 120 and 180 minutes
intervals after oral glucose loading.
Glucose was determined
enzymatically, in all samples for
each animal, by the method
introduced by Trinder (1969)>.

¢)Serum Insulin concentration was
assayed according to the principles
of the method described by Clark
and Hales (1994) .

d)Serum  Lipid Profile;  Total
Cholesterol (TC); High- & Low-
Density Lipoprotein-Cholesterol
(HDL-C & LDL-C) and
Triglycerides (TGs) levels were
determined by an enzymatic
colorimetric methods described by
Roeschlau et al. (1974)*, Burstein
et al. (1970) ¥, Lopes-Virella et al.
(1977) *, Friedewald et al
(1972)* and Bucolo and David,
(1973)* respectively.

e)Lipid peroxidation was determined
in serum and heart tissue
homogenates according to the
method described by Buege and
Aust (1978) .

f) Myocardial superoxide dismutase
(SOD), catalase (CAT) activities
and nitric oxide concentration (NO)
were determined according to
methods previously described by
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Nishikimi et al. (1972)% Aebi

(1984) ** and Sun et al. (2003) *

respectively.
IV- Statistical Analysis:

Results were expressed as means

+ standard error of the mean (SEM)
and were analyzed for statistically
significant differences using unpaired
t test to compare HFD and control
groups and one-way analysis of
variance (ANOVA) followed by the
Tukey-Kramer post analysis test to
compare all groups. P values less than
0.05 were considered significant.

RESULTS

1-Effect of High fat diet feeding
(HFD) on body composition index
(BCI) and its alteration by various
treatments.

Feeding HFD to rats significantly
increased BCI from 0.68 + 0.03 to
1.10 + 0.047. However, data
illustrated in table (1) showed no
significant difference between HFD
group and other HFD-fed treated
groups.
2-Effect of HFD on heart weight
index (HWI) and its alteration by
various treatments:

Feeding the rats HFD
significantly increased the HWI from
348 £ 0.11 to 4.83 £ 0.09. On the
other hand, carvedilol, propranolol
and aminoguanidine significantly
decreased HWI as compared to HFD
group but insignificantly = when
compared to control group (table 1).

3. Effect of HFD feeding on fasting
serum glucose level (FSG) and its
alteration by various treatments:

HFD  feeding induced a
significant increase in fasting serum
glucose levels in HFD group (156 +

3.03 mg/dl) when compared to the
control group (83.75 £ 3.33 mg/dl).
Oral administration of carvedilol (in
the 2 tested doses), propranolol and
aminoguanidine caused significant
reduction in FSG (138 + 3.19 and 137
+2.48, 136 £ 2.79 and 143.27 + 1.51
mg/dl respectively) when compared to
HFD group (table 2).

4. Effect of HFD feeding on oral
glucose tolerance test (OGTT) and its
alteration by various treatments:

HFD feeding in rats caused
significant increase in the area under
the curve (AUC) of the OGTT
compared to control group. On the
other hand, administration of
carvedilol (in the 2 tested doses),
propranolol and  aminoguanidine
caused significant decrease in the
AUC of OGTT when compared to
HFD group (table 3 and fig. 1).

5. Effect of HFD feeding fasting on
serum insulin (FSI) and its alteration
by various treatments:

Feeding rats HFD increased
significantly fasting serum insulin
concentration from 4.45 + 0.14 to 7.04
+ 0.32 pU/ ml. On the other hand,
treatment of HFD-fed animals with
carvedilol, in the 2 tested doses,
prevented that increase and tended to
keep insulin levels near the normal
values. In addition, administration of
propranolol or aminoguanidine along
with HFD feeding had ameliorative
effect against this hyperinsulinaemia
induced by HFD feeding (table 2).

6. Effect of HFD feeding on serum
cholesterol level and its alteration by
various treatments:

Induction of type 2 DM by HFD
feeding significantly increased serum
total cholesterol level as compared to
control group. Administration of
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carvedilol, in the 2 tested dose levels
or amonoguanidine, along with HFD,
significantly decreased serum total
cholesterol level to 79.56+5.15,
66.58+2.94 and 75.83+4.63 mg/dl
respectively as compared to HFD
group (115.43+5.38 mg/dl).
Conversely, propranolol treatment
insignificantly altered serum total
cholesterol level compared with HFD
group (table 4).

7. Effect of HFD feeding on serum
High density lipoprotein cholesterol
(HDL-C) level and its alteration by
various treatments:

Induction of type 2 DM by HFD
feeding significantly decreased serum
HDL-C level as compared to control
group. Concurrent administration of
carvedilol, in the 2 tested dose levels,
along with HFD significantly
increased serum HDL-C level to 18.55
+ 0.62 and 17.75 £ 0.64 mg/dl
respectively as compared to HFD
group (12.15+0.74mg/dl). Conversely,
both propranolol and aminguanidine
treatment insignificantly altered serum
HDL-C level compared with HFD
group. (table 5).

8. Effect of HFD feeding on serum
Triglycerides (TGs) level and its
alteration by various treatments:

Induction of type 2 DM, by HFD

feeding significantly elevated serum
TGs (88.6 = 3.4 mg/dl) as compared
to control group (60.5 + 4.8 mg/dl).
On the other hand, administration of
carvedilol, in both tested dose levels,
or propranolol significantly reduced
serum TGs when compared to HFD
group (table 4).
9. Effect of HFD feeding serum on
Low density Lipoprotein Cholesterol
(LDL-C) level and its alteration by
various treatments:

Induction of type 2 DM by HFD

feeding significantly elevated serum
LDL-C level from 23.67 + 2.6 to 80.1
+ 4.1 mg/dl compared to control
group. Administration of carvedilol
(lower dose) or aminoguanidine along
with HFD caused significant decrease
of serum LDL-C level (45.5 + 1.8 and
4725 + 0.8 mg/dl respectively)
compared with HFD group. However
these levels were still higher when
compared to that of the control group.
On the other hand, the large dose of
carvedilol tended to normalize serum
LDL-C level (36.1 £ 2.1 mg/dl).
Conversely, propranolol treatment
insignificantly changed serum LDL-C
level (70.67 + 3.8 mg/dl) when
compared to HFD group (table 5).
10. Effect of HFD feeding on serum
and myocardial thiobarbituric acid
reactive substances (TBARS) level
and its alteration by various
treatments:

Induction of type 2 DM by HFD

significantly increased the level of
TBARS in both serum (from 2.81 +
0.12 to 441 £ 0.11mmol/ml) and
myocardium (from 2.64 = 0.2 to 10.7
+ 0.4 nmol/mg wet tissue). On the
other hand, treatment of the HFD rats
with the tested drugs significantly
prevented this increase in serum and
myocardial TBARS (table 6).
11. Effect of HFD feeding on
mycardial  superoxide dismutase
(SOD) and catalase (CAT) activities
and its alteration by various
treatments:

Induction of type 2 DM by
feeding HFD induced significant
reduction in myocardial SOD activity
when compared to control group. On
the contrary, carvedilol in its small
dose, tended to  significantly
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ameliorate that effect on SOD
decreased activity as a result of HFD
feeding. All of the other groups
showed insignificant alteration
regarding myocardial SOD activity
when compared to HFD group.
Neither HFD feeding nor all
pharmacological interventions
induced any significant change in

12. Effect of HFD feeding on
myocardial total NO level and its
alteration by various treatments:
Induction of type 2 DM by
HFD feeding resulted in significant
increase in myocardial total NO level.
Administration of carvedilol,
propranolol and  aminoguanidine
prevented this increase (table 8).

myocardial CAT activity (table 7).

Table (1): Effect of HFD on body composition index (BCI), Heart Weight Index
(HW]) and its alteration by various treatments

GROUP BCI HWI
(epidid fat/ gastrocnemius (heart weight/body weight
mass g/g) mg/g)
Control 00.68 £+ 0.03 3.48 £0.11
HFD 01.10 £ 0.047° 4.83 +0.09"
Carvedilol-S 00.97 + 0.08 3.88 +0.05"
Carvedilol-L 01.10 £ 0.07 420 £0.10°
Propranolol 00.96 + 0.07 4.30+0.07"°
Aminoguanidine 01.00 = 0.08 4.03+0.12"

Data represent the mean = SEM of 12 observations. a = significant from control
group at p < 0.05 and b = significant from HFD group at p < 0.05. HFD = high fat
diet, BCI = body composition index, HWI = heart weight index and Epidid =

epididymal,

Table (2): Effect of HFD on Fasting Serum Glucose (FSG), Fasting Serum

Insulin (FSI) and its alteration by various treatments

GROUP Fasting Serum Glucose Fasting Serum Insulin (FSI)
(FSG) (mg/dl) (nU/ml)

Control 083.75 £ 3.33 4.45+0.14

HFD 156.00 + 3.03" 7.04 £+ 0.31°
Carvedilol-S 138.00 +3.19*" 512 +0.25
Carvedilol-L 137.00 +2.48*" 4.91 £0.14°
Propranolol 136.00 +2.79*" 5.36 + 0.40"
Aminoguanidine 143.27 £1.51*" 5.05 + 0.38"

Data represent the mean £ SEM of 12 observations. a = significant from control
group at p < 0.05, b = significant from HFD group at p <0.05. HFD = high fat diet.
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Table (3): Effect of HFD on the area under the curve (AUC) of oral glucose

tolerense test (OGTT) and its alteration by various treatments

GROUP AUC of OGTT
Control 19103 £ 106
HFD 36630 + 478°
Carvedilol-S 29756 +232*°
Carvedilol-L 27919 + 606 **€
Propranolol 29423 + 266"
Aminoguanidine 28834 + 385™"

Data represent the mean + SEM of 12 observations. a = significant from control
group at p < 0.05, b=significant from HFD group at p < 0.05 ¢ = significant from
crvidilol-S group at p < 0.05. AUC = area under the curve, OGTT = oral glucose

tolerance test.

Figure (1) : Effect of HFD feeding on OGTT and its modulation by various

treatments
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Table (4): Effect of HFD on Serum Total Cholesterol, Triglycerides level and its
alteration by various treatments.

GROUP Serum TC (mg/dl) Serum TGs (mg/dl)
Control 056.59 + 3.02 60.5+4.8
HFD 115.43 +5.38° 88.6 + 3.4°
Carvedilol-S 079.56 +5.15 *° 66.5+3.3"
Carvedilol-L 066.58 +2.94" 65.9+1.6"
Propranolol 105.98 + 4.64" 69.4+33"
Aminoguanidine 075.83 + 4.63*" 86.9 £4.8

Data represent the mean + SEM of 12 observations. a = significant from control
group at p < 0.05, b=significant from HFD group at p <0.05. TC = total cholesterol,

TGs = triglycerides.
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Table (5): Effect of HFD on Serum High and Low Denisty Lipoprotein
Cholesterol (HDL-C; LDL-C) levels and its alteration by various treatments.

GROUP Serum HDL-C (mg/dl) Serum LDL-C (mg/dl)
Control 20.78 + 0.91 23.67 2.6
HFD 12.15 £ 0.74° 80.1 £4.1°
Carvedilol-S 18.55 + 0.63" 455+1.8™"
Carvedilol-L 17.75 + 0.64"° 36.1+2.1°
Propranolol 13.67 + 0.48 70.67 +£3.8"
Aminoguanidine 13.41 +0.81 47.25+0.8*"

Data represent the mean £ SEM of 12 observations. a = significant from control
group at p < 0.05, b=significant from HFD group at p <0.05. HDL-C = high density
lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol.

Table (6): Effect of HFD on Serum and myocardial Thiobarbituric Acid
Reactive Substances (TBARS) and its alteration by various treatments.

GROUP Serum TBARS Myocardial TBARS
(mmol/ml) (mmol/mg wet tissue)
Control 2.81 +0.12 02.64 +0.2
HFD 4.41+0.11° 10.70 + 0.4°
Carvedilol-S 2.43 +0.09 03.54 £0.3
Carvedilol-L 2.74+0.07"° 02.24£0.2"°
Propranolol 3.19+0.21° 04.07 £0.2"°
Aminoguanidine 2.74£0..07" 03.05+0.3"

Data represent the mean £ SEM of 12 observations. a = significant from control
group at p < 0.05, b=significant from HFD group at p < 0.05. TBARS =
thiobarbituric acid reactive substances.

Table (7): Effect of HFD on myocardial superoxide dismutase and catalase

activities and its alteration by various treatments.

GROUP Myocardial SOD activity Myocardial CAT activity
(U/mg wet tissue) (U/mg wet tissue)
Control 10.00 £ 0.45 0.17 £ 0.020
HFD 06.21 + 0.20° 0.14 + 0.006
Carvedilol-S 08.74 + 0.59" 0.17 + 0.009
Carvedilol-L 07.53+0.20" 0.16 + 0.010
Propranolol 07.08 + 0.52° 0.17 £0.011
Aminoguanidine 07.44 + 0.05" 0.17 £ 0.015

Data represent the mean + SEM of 12 observations. a = significant from control
group at p < 0.05, b=significant from HFD group at p <0.05. SOD = superoxide
dismutase, CAT = catalase.
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Table (8): Effect of HFD on myocardial total NO level and its alteration by

various treatments.

GROUP Myocardial Total NO (nmol/mg wet tissue)
Control 4.16 £ 0.29

HFD 6.42 £ 0.29"

Carvedilol-S 3.81£0.19"

Carvedilol-L 3.43 £0.25"

Propranolol 4.03 £0.21°
Aminoguanidine 2.16£0.17°

Data represent the mean £ SEM of 12 observations. a = significant from control
group at p < 0.05, b=significant from HFD group at p <0.05. NO = nitric oxide.

DISCUSSION

Diabetes mellitus is one of the
most common disease conditions
worldwide®. The disease can be
defined as a complex metabolic
disorder characterized by chronic
hyperglycemia which is a cardinal
sign®, altered metabolism, and high
risk of cardiovascular complications™’.
Macrovascular complications
including coronary heart disease
(CHD), diabetic cardiomyopathy
(DCM), and hypertension®.

In the present study,
administration of small and large
doses of carvedilol as well as
propranolol in the HFD-fed rats had
protective effects against development
and progression of diabetes in these
rats. Fasting as well as post load
glucose levels in animals treated with
these [-blockers were significantly
lower in the treated groups than the
HFD group. On the other hand,
aminoguanidine,  despite  having
similar effects, these were of lower
magnitude. Moreover, all animals
treated with any of the drugs in the
current study showed significant
improvements in glucose disposal

after an oral glucose load at different
time points. Best results in this regard
were attributed to large dose
carvedilol followed by
aminoguanidine, propranolol, and
small dose carvedilol, respectively,
when compared to HFD group.

Fasting hyperinsulinemia is a
characteristic feature in insulin
resistant states including obesity and
type 2 DM¥. In the present work,
administration of different agents had
positive impact on fasting insulin
levels. Best results in this regard were
observed with large dose carvedilol
followed by aminoguanidine, small
dose carvedilol, and propranolol,
respectively.

Carvedilol is well known for its
antioxidant activity*®and propranolol
is extensively metabolized in the liver
with one of its major metabolites
being a  potent  antioxidant®.
Nevertheless, aminoguanidine is well
documented for its antioxidant
properties*”. In addition, being an a-
blocker, carvedilol can decrease
peripheral vascular resistance; an
action that might be expected to
increase glucose disposal and decrease
insulin resistance®. In support to this
hypothesis are various reports from
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studies on o;-blockers. Prazocin and
doxazocin, as a,-blockers, were
reported to decrease insulin resistance
by enhancing glucose disposal in
peripheral tissues*. The results of the
present study are in agreement with
previous reports of other investigators
on carvedilol** propranolol*’, and
aminoguanidine®®. However, in a
recent study involving
hyperthyroidism-induced insulin
resistance, propranolol was reported
to decrease fasting glucose but had no
effect on AUC of OGTT*,

On the other hand, carvedilol was
reported to increase nitric oxide
availability which may be due to its
antioxidant activity®”. In addition, p-
blockers may inhibit the adrenoceptor
mediated activation of p38 mitogen-
activated protein kinases (MAPK)
pathway™, which may be an indirect
antioxidant effect. These proposed
mechanisms may be strengthened, at
least in part, by the results of the
Aminoguanidine Group in the present
study. Aminoguanidine, an inhibitor
of iINOS and of well documented
antioxidant properties'®, was
accompanied with improvements in
glucose homeostasis parameters when
compared to HFD Group.

In the present study, carvedilol, in
two dose levels, showed preferential
effects against atherogenic
dyslipidemic  changes-induced by
HFD in rats. Animals under carvedilol
treatments showed  prophylaxis
against increases in levels of TC, TGs,
and LDL-C. Conversely, HDL-C
levels were favorably elevated due to
carvedilol administration in a dose-
independent manner. However, a
dose-dependent but non-significant
difference was noticed in TC and

LDL-C levels. These effects of
carvedilol are in agreement with
previous reports® > in clinical trials
of carvedilol in comparison to other j3-
blockers. However, reports by other
authors indicated that carvedilol had
no significant effects on lipid
profile™.

On the other hand, dyslipidemic
changes due to HFD were not
antagonised by propranolol in the
present study. The effects of
aminoguanidine on lipid profile were
not different from carvedilol regarding
TC and LDL-C. On the other hand,
lower effects on serum TGs and HDL-
C were observed.

In the present study, carvedilol in
both doses, showed potent antioxidant
activity in serum as well as
myocardial tissue of rats fed HFD. Its
antioxidant activity was greater than
that of propranolol or
aminoguanidine.

An obvious trend to inhibit lipid
peroxidation was shown in the present
study with carvedilol administration.
Moreover, a tendency to normalize
level of activity of endogenous
antioxidant machinery was also
evident in animals treated with
carvedilol in both doses. The
antioxidative, antihypertensive and
antiproliferative activities of
carvedilol were supported by many
authors as possible mechanisms®>’.

On the other hand, surprisingly,
propranolol administration in rats fed
HFD showed significant antioxidant
activity. A recent report described
potent antioxidant activity of 4-
hydroxypropranolol, a major active
metabolite  of  propranolol*'. In
addition, propranolol itself might have
an indirect antioxidant effect through
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blockage of B-adrenoceptor mediated
activation of p38 MAPK pathway®.
Moreover, tendency to normalize
myocardial activities of SOD and
CAT has been shown to variable
degrees in the present study in
Propranolol and Aminoguanidine
Groups.

Nitric oxide is a very important
biological mediator that is vital to
normal physiological function;
however, increased Ilevels are
considered toxic and a source of
nitrative stress™>. In the present
study, NO metabolites were decreased
in animals of the Carvedilol Groups
compared to Propranolol and HFD
Groups. These results are in
agreement with previous observations.
Carvedilol was previously reported to
decrease myocardial iNOS expression
in patients with dilated
cardiomyopathy® and in a model of
diet-induced atherosclerosis where it
also enhanced the activity of eNOS
and increased NO bioavailability®'.

In the present study, myocardial
hypertrophy caused in rats rendered
diabetic by consumption of HFD was
ameliorated by carvedilol in a dose
independent manner. On the other
hand, propranolol significantly
reduced myocardial hypertrophy in
these animals, but with a protective
degree lower than that conferred by
small dose carvedilol. Significant
cardioprotection was also seen in
animals treated with aminoguanidine.
However, normalization of heart size
and almost complete protection was
observed only in the Carvedilol-S
Group.

However, in the present study, the
degree of protection observed with the
small dose of carvedilol was higher

than with the large dose or
propranolol. Moreover, the anti-
hypertrophic effects of large dose
carvedilol as well as propranolol were
only slight despite being significant.
This would suggest that cardiac
protection in the present study, to a
large extent, is dependent on other
factors besides the cardioprotective
effects of B-blockade. The degree of
B-blockade with the large dose
carvedilol is for sure higher than with
the small dose. In addition,
propranolol, a non-selective B-blocker
induced only a slight improvement.
Other mechanisms should exist to
explain these differential effects.

The antioxidant activity of
carvedilol (and its metabolites) is
much higher than that of propranolol
as illustrated by results of the current
study. Both myocardial and serum
levels of oxidative stress parameters
were lower in Carvedilol Groups.
Also, myocardial tissue antioxidant
defence systems (SOD and CAT)
were increased at least in the
Carvedilol-S Group.

The results of the present study
are in agreement with other authors
who found preferential effects of
carvedilol in  amelioration  of
ventricular hypertrophy. The
protective effects of carvedilol were
attributed to better glycemic control
and prevention of myocardial
remodelling. Carvedilol decreased
heart weight to the body weight ratio
as well as decreased cardiac
extracellular matrix proteins (ECMPs)
such as collagen, laminin, and
fibronectin®.

In conclusion: carvedilol showed
dose-dependent improvements on
glucose and lipid homeostasis,
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oxidative and  nitrative  stress.
However, better effects were observed
with the small dose on myocardial
antioxidant activity. These effects
might contribute but do not fully
explain the dose-independent
cardioprotection observed in the
present study. The anti-proliferative or
antioxidative effects of carvedilol

were suggested as possible
mechanisms.
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