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Abstract

Background: Evidence for cardiovascular oxidative stress in animals with hypertension has been
accumulated. Antioxidant agents have been used to treat endothelial dysfunction and arterial hypertension.

Aim: The aim of present study is to elucidate the effect of concomitant administration of a-tocopherol
(antioxidant) and angiotensin converting enzyme inhibitor (ACEIl; anti-hyptertensive) on cardiac smooth
muscle DNA and RNA changes in DOCA induced hypertension in rats.

Methods: 48 male Sprague-Dawley rats were used in this study and were divided into 6 groups (n=8): C
control rats; CE control rats received a-tocopherol (60 mg/kg) intragastrically (IG); DOCA rats were made
hypertensive by SC injection of DOCA (50 mg/kg once weekly for 4 weeks); DOCA+E; DOCA hypertensive
rats received a-tocopherol (60 mg/kg) 1G; DOCA+ACEI; DOCA hypertensive rats received ACEI (captopril;
15 mg/kg) I1G; and DOCA+E+ACEI; DOCA hypertensive rats received both a-tocopherol and captopril in the
same doses as DOCA+E and DOCA+ACEI groups respectively. All IG treatments were given to the animals
6 days weekly for 6 weeks. At the end of experimental protocol, systolic blood pressure (MSP), renal vascular
flow velocity (RFV), renal vascular resistance (RVR), myocardial contractility (MC) and heart rate (HR) were
measured in rats of all groups. Also, serum sodium (Na*), potassium (K") and total plasma antioxidant
capacity (TOC) were measured. DNA and RNA analysis were done for the myocardial tissue homogenate.

Results: While DOCA administration in rats produced significant increase in serum Na*, MSP, RVR, and
RNA levels; it reduced significantly serum K*, TOC, MC and DNA levels compared with the control group.
Concomitant administration of both a-tocopherol and ACEI resulted in significant reduction of serum Na®,
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MSP, RVR, and RNA levels and significant elevation of serum K*, TOC, MC and DNA levels compared with

cither a-tocopherol or ACEI treatment in DOCA rats.

Conclusions: Concomitant administration of both a-tocopherol and ACEI reduces the risk of the
development of myocardial DNA, RNA and nuclear changes associated with DOCA induced hypertension.
This could make a promising addition mechanism of action of a-tocopherol that confirms its therapeutic uses

in the treatment of hypertension in human.
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1. Introduction

Hypertension is a major risk factor for
cardiovascular morbidity and mortality which is
known to be affected by genetic and heritable
factors [1]. Ventricular hypertrophy, one of the
cardiac complications, has been considered as a
compensatory mechanism to an increased vascular
resistance. However, it could also reflect a primary
response to repeated neural stimulation and,
thereby, could be an initiating mechanism for
hypertension [2]; as well an amplifier of cardiac
output that reinforces the elevation of blood
pressure upstream from the constricted arteriolar
bed [1]. Vascular complications include increasing
wall thickness to lumen radius, remodeling, large-
vessel hypertrophy and endothelial dysfunction has
been reported [3]. Several arguments have been
suggested that; hypertension can be considered, at
least in part, as a vascular proliferative disorder.
Hyperplasia is observed in vitro in vascular smooth
muscle cells and fibroblasts from genetically
hypertensive rats [4]. Several studies have
described neonatal cardiac hypertrophy in vivo and
others reported that the kidneys, the heart and the
aorta of genetically hypertensive rats have an
increased amount of DNA which incorporates
elevated quantities of thymidine. This persistence
of hyperplasia in vitro and its presence in neonates
indicate that hyperplasia is not simply due to
heightened blood pressure but can indeed
constitute a precipitating element [5].

A primary cause of chronic vascular disease
progression is increased oxidative stress in the
endothelium caused by multiple risk factor
conditions, including dyslipidemia, smoking,
diabetes, neurogenic elevation of systolic blood
pressure and genetic background [6]. Oxidative
stress may contribute to the pathogenesis of

hypertension and endothelial dysfunction via
increased production of free radicals in the arterial
wall [7]. Free radicals play an important role as
mediators of cardiac and vascular smooth muscle
damage and inflammation. It is generally accepted
that tonic release of NO from the endothelium
exerts vasculoprotective and cardioprotective
effects; and its reduction enhances apoptosis of
endothelial cells [8]. Peroxynitrite (the product
results  from interaction of  superoxide
overproduction with NO) overproduction may
induce DNA single strand breaks, which may
contribute to the endothelial oxidative stress
damage [9]. High concentrations of peroxynitrite
trigger rapid derangements in energy metabolism
and poly (ADP-ribose) polymerase (PARP-1)
activation leading to cellular necrosis. Oxidative
DNA damage may lead to the activation of the
nuclear enzyme PARP-1, which can trigger a
cellular suicide pathway [10]. Also, it has been
reported that, reactive oxygen and nitrogen species
contributes to cardiovascular DNA damage in
hypertensive rats [11].

To prevent or delay oxidation, several
antioxidants including a-tocopherol are used for
treatment of cardiovascular diseases, cancer,
chronic inflammation, Alzheimer disease, and
Parkinson disease [12]. Antioxidants reduce
oxidative stress and high blood pressure levels, and
improve vascular function. Epidemiological
studies suggest that a-tocopherol could improve
redox-sensitive vascular changes associated with
hypertension [13]. Accordingly, we can suggest
that, a-tocopherol being one of the most powerful
antioxidants could protect against oxidative-
sensitive DNA vascular changes with subsequent
hypertension.

The aim of the present study is to elucidate the
effect of concomitant administration of both oral a-
tocopherol and ACEI on DOCA induced DNA,
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RNA and nucleic acid changes in cardiac smooth
muscle cells in DOCA induced hypertension in
rats.

2. Methods

All animals received human care in
compliance with the Public Health Service Policy
on Human Care and Use of Laboratory Animals
published by the National Institutes of Health and
was approved by the Ethical Committee of the
College of Medicine, Menoufiya University,

Egypt.

2.1 Experimental animals

This study was carried out on 48 male
Sprague-Dawley rats (150 -200 g). Animals were
fed with standard laboratory chow and water ad
libitum and housed in the animal house of
Menoufiya College of Medicine under artificial
light/dark cycle of 12 h. The animals were divided
into 6 groups (n=8 each): C rats had no
hypertension but were subcutaneously (SC)
injected with 0.3 mL olive oil (vehicle) once
weekly for 4 weeks. Concomitantly, they were fed
intragastrically (IG) with olive oil (0.1 mL/100g
body weight); CE animals were SC injected with
olive oil as in C group and were given o-
tocopherol (60 mg/kg) dissolved in 0.1 mL olive
oil 1G; DOCA Hypertensive rats which were made
hypertensive by SC injection of DOCA (deoxy
corticosterone acetate) in a dose of 50 mg/kg
suspended in 0.3 mL olive oil once weekly for 4
weeks with addition of 1% NaCl to the drinking
water. Rats were considered hypertensive when
their systolic arterial blood pressure was
maintained above 140 mmHg [14]. They were also
given olive oil IG as in C group; DOCA+E
animals, where hypertensive rats were received o-
tocopherol as CE group. DOCA+ACEI where
DOCA hypertensive animals were IG treated with
ACEI (captopril; 15 mg/kg) daily [15] and were
given olive oil as in C group and DOCA +ACEI +
E hypertensive rats, where DOCA hypertensive
animals were received IG a-tocopherol and
captopril in the same doses as group DOCA+E and
DOCA+ACEI respectively. All IG treatments were
given 6 days weekly for 6 weeks.

2.2 Measurement of mean arterial pressure
(MAP)

At the end of the experimental protocol period
(6 weeks), MAP was measured using tail-cuff
plethysmography  (Harvard Apparatus  Ltd.,
England) [16] in conscious rats pre-warmed for 10
min in a thermostatically controlled restrainer
(XBP1000; Kent Scientific). The mean of at least 3
separate recordings on 3 occasions was taken.

2.3 Measurement of renal blood flow velocity
(RBF) and renal vascular resistance (RVR)

After overnight fast, the animals were
anesthetized with thiopental sodium (60 mg/kg
body wt, i.p.) [17]. The trachea was intubated, the
abdominal wall was opened by midline incision,
the left renal artery was explored and was gently
freed from surrounding tissue. The probe top of
Pulsed Doppler Flow-meter (Model T206,
Transonic System, and Ithaca, NY) was covered
with an ultrasound gel, the volume control was
adjusted to maximum and the probe was pressed
gently to the measurement area of the renal artery
at 45-60< After hearing the optimal sounds for 5
seconds continually, the freeze key was pressed to
freeze the wave form record [18].

2.4 Heart perfusion experiment, Blood sampling

After measuring the RBF and RVR, rats were
anticoagulated with heparin (1000 1U/kg i.v.) then
were sacrificed by cervical decapitation. The chest
was rapidly opened and the vessels to and from the
heart were clamped with 2 curved artery forceps
then, cut along side of the proximal forceps edge to
excise the heart and its connected blood vessels.
The excised heart was immediately plunged in ice-
cold Krebs' solution [modified krebs'-Henseleit
solution] which formed of (NaCl 118 mM; KCI
4.7 mM; CaCl, 2.5 mM; Mg SO, . 7H,0 1.2 mM;
NaHCO3 25 mM; KH,PO,4 1.2 mM; glucose 11mM
per liter) with pH 7.4. The heart was kept in the
ice-cold Krebs' for 20-50 seconds before it was
mounted to the langendorff's heart perfusion
apparatus. After that, the aorta was cannulated in a
heart cannula for coronary perfusion and the whole
procedure took about 1-1.5 minutes. The isolated
heart was then perfused with the modified Krebs'-
Henseleit solution bubbled with 5% CO, in 95%
O, at a constant controlled flow rate of 4.4 mL/min
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with maintained temperature at 37.5 <C. The
preparation was left for 20 min for equilibration.
Then cardiac muscle was connected with the
langendorff's heart perfusion apparatus which was
connected with isometric strain gauge transducer
(Myograph F-60-H. B.S. Narco Biosystem-
England-U.K.) and. A 4-channel physiograph
(M.K. 11I-S-HBS Narco Biosystems-England-
U.K.) was used to record the myocardiacal
contractility (MC) and heart rate (HR) [19].
Immediately after exaction of the heart, aortic
blood samples (each 2mL) were obtained and
samples were allowed to clot and centrifuged at
14,000 rpm for 10 min for serum separation to be
used for determination of serum Na*, K* and total
antioxidant activity.

2.5 Estimation of serum Sodium and potassium
Serum Na® and K" levels were estimated
spectrophotometerically used their specific Kits
[20]. Both Na" and K" levels were determined in
mmol/L. spectrophotometer was set to the
wavelength at 500, and 550 nm respectively.

2.6 Assay of Total antioxidant status

The assay relies on the ability of antioxidants
in the serum samples to inhibit the oxidation of 2,
2'-Azino-di-[3-ethylbenzthiazoline sulphonate]
(ABTS) by metmyoglobin. The amount of oxidized
ABTS produced can be monitored at the
absorbance of 750 nm. Under the reaction
conditions used, the antioxidants in the samples
cause suppression of the absorbance at 750 nm to a
degree which is proportional to their concentration.
The capacity of the antioxidants in the sample to
prevent ABTS oxidation is compared with that of
Trolox; a water-soluble tocopherol analogue; and
is quantified as milli molar Trolox equivalents
[21].

2.7 DNA extraction and apoptosis detection in
cardiac tissue

Gel was prepared using 1.8 % electrophoretic
grade agarose. The agarose was boiled with tris
borate EDTA buffer (1x TBE buffer; 89 mM Tris,
89 mM boric acid, 2 mM EDTA, pH 8.3) then, 0.5
microgram/mL ethidium bromide was added to
agarose mixture at 40 <C. Gel was poured and

allowed to solidify at room temperature for 1
hour before samples were loaded. Nucleic acids
extraction and detection of apoptosis was done
according to "salting out extraction method of
"Aljanabi and Martinez [22] and modification
introduced by Hassab El-Nabi [23]. Protein was
precipitated by saturated solution of NaCl (5M).
0.015 g of left ventricular cardiac muscle was
taken in each eppendorf tube and was crushed and
then lysed with 600 microlitre lysing buffer (50
mM NaCl, 1 mM Na2 EDTA, 0.5% SDS, pH 8.3)
and gently shacked. The mixture was incubated
overnight at 37 <€ then, 200 microlitre of saturated
NaCl was added to the samples, shacked gently
and centrifuged at 12,000 rpm for 10 min. The
supernatant was transferred to new eppendorf tubes
and then DNA precipitated by 600 microlitre cold
isopropanol. The mixture was inverted several time
till fine fibres appear, and then centrifuged for 5
min at 12,000 rpm. The supernatant is removed,
and the pellets were washed with 500 micolitre
70% ethyl alcohol, centrifuged at 12,000 rpm for 5
min. After centrifugation, the alcohol was decanted
and the tubes blotted on Whatman paper, till the
pellets left to dry. The pellets were resuspended in
50 microlitre or appropriate volume of TE buffer
(10 mM tris, ImM EDTA, pH 8) supplemented
with 5% glycerol. The resuspended DNA was
incubated for 30 min with loading mix (Rense +
loading buffer) and then loaded directly into the
gel-wells. All results were analyzed using Gel-
Pro® Analyzer version 3 (Hartland, W1, U.S.A).

2.8 Chemicals

DOCA, a-tocopherol and chemicals used for
preparation of Krebs'-Henseleit solution were
purchased from Sigma (St Louis, MO, USA).
Captopril was ordered from Bristol Myers Squibb
(Waltham, MA, USA). A serum total anti-
oxidatant capacity kit was supplied by Cayman
chemical USA, while serum sodium and potassium
measurement Kkits were ordered from Teco
diagnostic USA.

2.9 Statistical analysis

Statistical analysis was performed by Kruskal
Wallis one-way ANOVA for multiple comparisons
followed by Fisher’s PLSD test. Values are
expressed as mean £SD. Post-hoc Scheffe test was
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applied to identify the source of statistical
significance. P-values <0.05 were considered
statistically significant.

3. Results

3.1 Changes in vascular parameters

Table (1) and Figure (1) showed that DOCA
administration in rats significantly increases MSP
(1685 =+ 1548 mmHg), HR (275.88 +21.72
beat/min) and RVR of renal artery (2.1 £ 0.19
PRU) while both MC (1.63 +=0.15 g tension) and
RFV (4.3 #0.4 cm/sec) were significantly
decreased compared with the control groups (95.9
+9.3 mmHg, 162.63 +15.77 beat/min, 0.85 £0.07
PRU, 3.57 £ 0.28 g tension, 6.9 = 0.5 cm/sec
respectively).  Administration of either «a-
tocopherol (60 mg/kg) or ACEI (captopril; 15

mg/kg) in DOCA hypertensive rats produced
significant reduction of MSP (133.7 + 13.19
mmHg, 106.75 £10.72 mmHg), HR (221 +19.67
beat/min, 176.75 +18.21 beat/min) and RVR (1.7
+0.18 PRU, 1.08 +0.09 PRU) of renal artery and
significantly increased MC (2.13 £0.20 g tension,
2.58 +£0.21 g tension) and RFV (5.1 £0.3 cm/sec,
5.9 0.2 cm/sec) compared with the DOCA group.
The results of ACEI group showed significant
improvement (P< 0.001) compared with the o-
tocopherol treated group. On the other hand,
concomitant treatment with both a-tocopherol and
ACEIl produced significantly (P< 0.001)
improvement of the all previous measured
parameters compared with DOCA and DOCA+E
and DOCA+ACEI groups except for RVR which
became  insignificantly = changed  (P>0.05)
compared with ACEI treated group.

Table 1. Effect of vitamin E and ACEI on Systolic blood pressure (MSP), Cardiac contractility (g tension) and Heart
rate (HR) and Renal blood flow velocity (RFV), Renal vascular resistance (RVR), Serum Na* and K™ levels in different

groups.
DOCA DOCA +ACEI DOCA+E DOCA C
+E+ACEI
MSP 104.5 +10.199  106.75 #10.72@9 133.7 +13.19¢9 168.5+5.48® 959 +9.3@
(mm Hg)

RFV (cm/sec) 5.7 +0.3%9 5.9 +0.2¥ 5.1 +0.3° 4.3 +£0.4") 6.9 40.5@
RVR (PRU) 1.1 +0.10 9 1.08+0.09 1.7 +0.18© 2.1+0.19®  0.850.07®
Serum Na* 128.7 #11.37®%®  130.2+14.12%Y  132.5+11.86'9 142.85 :13.67" 128.3(%

12.71@
Serum K* 3.9 +0.383c4®) 3.8640.37@¢% 3.84 #0.31@° 2.92 4028 3.94034@

C: Control group; DOCA: Hypertensive rats; DOCA+E: Hypertensive rats treated with vitamin E; DOCA+ACEI:
Hypertensive rats treated with ACEI and DOCA+E+ACEI: Hypertensive rats treated with both vitamin E and ACEI.

Results are expressed as mean *SD (n=8).

Groups with different letters are statistically significant (p<0.001)

3.2 Changes in serum Na*, K" and TAC
Induction of hypertension in DOCA group of
rats produced significant reduction of both serum
K" (2.92 +0.28 mEg/L) and TAC (0.99 +0.08
mmol/L) and significant increases in serum Na’

levels (142.85 =+ 13.67 mEg/L) compared with
control group (3.9 %= 0.34 mEqg/L, 1.9840.18
mmol/L, 128.3#12.71 mEqg/L) respectively.
Administration of a-tocopherol (60 mg/kg) in
DOCA hypertensive rats (group DOCA+E)
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produced significant enhancement of both serum
K" (3.84 +0.31 mEg/L) and TAC (1.56 +0.13
mmol/L) and a significant reduction in serum Na®
levels (132.5#11.86 mEg/L) compared with
hypertensive non treated rats. In DOCA+E, TAC
levels were still significantly (P<0.001) lowered
and Na" still significantly higher while K+ showed
insignificant (P>0.05) changed compared with the
control group. On the other hand, ACEI treatment
in hypertensive rats (DOCA+ACEI group)
produced significant increases in both serum K*
(3.86 =0.37 mEg/L) and TAC (1.1 =0.09 mmol/L)
and significant reduction in serum Na® levels
(130.2 = 1412 mEg/L) compared with
hypertensive non treated rats. While ACEI treated
hypertensive rats showed significant reduction
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Myocardial Contractility (g tension)
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Total antioxidant capacity (m mol/ L)
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(P<0.001) in TAC compared with both control
and o-tocopherol group; it showed insignificant
(P>0.05) changes in serum K" and Na" compared
with a-tocopherol treated group. Concomitant
treatment with both a-tocopherol and ACEI in
group DOCA+E+ACEI resulted in significant
improvement in serum Na® and TAC compared
with the DOCA hypertensive rats, a-tocopherol
and ACEI treated groups (P<0.001) and
insignificant changed with the (P>0.05) control
groups. Although serum K* showed significant
improvement (P<0.001) in concomitant treated
group compared with the DOCA group, it is
insignificantly (P>0.05) changed compared with
control, a-tocopherol, ACEI treated groups [Table
(1) and Figure (1)].
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Figure 1. Effect of vitamin E and ACEI on Myocardial contractility (MC), Heart rate (HR) and Total antioxidant
capacity (TAC) levels in different groups. C: Control group; DOCA: Hypertensive rats; : Hypertensive rats treated
with vitamin E; DOCA+ACEI: Hypertensive rats treated with ACEI and DOCA+E+ACEI: Hypertensive rats treated

with both vitamin E and ACEI.
Results are expressed as mean *SD (n=8).
Groups with different letters are statistically significant

3.3 Changes in DNA and RNA analysis in
myocardial tissues

Figure (2) showed a significant increases in
the RNA and a significant decrease in DNA levels

in DOCA group (122.66 £11.7 m.w. in bp and
57.6 £4.3 m.w. in bp respectively) compared with
control group (36.5 £3.4 m.w. in bp and 202.5 =
22.5 m.w. in bp respectively) (P < 0.001 for both).
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a-tocopherol treatment in DOCA rats produced a
significant reduction (p< 0.001) in RNA analysis
(100.74 £ 10.4 m.w. in bp) and a significant
elevation of DNA analysis (98.6+6.9 m.w. in bp)
compared with DOCA group (P<0.001 for both).
In DOCA hypertensive rats treated with ACEI,
the RNA analyses was 81.8 =7.15 m.w. in bp,
which was significantly lower while the DNA
analyses was 160.3 +=15.2 m.w. in bp which was
significantly higher compared with DOCA group
(P < 0.001 for both). Treatment with ACEI in
DOCA hypertensive rats produced a significant

250 a

200

DNA (m.w. in bp)

a
=}

DOCA DOCA +E DOCA+ ACEI

+ACE|

Lall .l

DOCA +E

RNA (m.w. in bp)

reduction in RNA analysis and a significant

elevation in DNA analysis compared with values
in a-tocopherol treated DOCA hypertensive
group. On the other hand, concomitant
administration of both ACEI and a-tocopherol in
DOCA hypertensive rats resulted in a significant
reduction (43.43 £4.2 m.w. in bp) in RNA and a
significant elevation of DNA analysis (200.75 =+
20.46 m.w. in bp) compared with either DOCA
+E or DOCA+ACEI treated groups (P < 0.001 for

both).
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Figure 2 Effect of vitamin E and ACEI on DNA and RNA levels in different groups. C: Control group; DOCA:
Hypertensive rats; DOCA+E: Hypertensive rats treated with vitamin E; DOCA+ACEI: Hypertensive rats treated with
ACEI and DOCA+E+ACEI: Hypertensive rats treated with both vitamin E and ACEI.

Results are expressed as mean *SD (n=8).
Groups with different letters are statistically significant

4. Discussion
Oxidative stress is one of the major
determinants of endothelial dysfunction and
cardiovascular disorders. It is hypothesized that,
the imbalance between production and scavenging
of superoxide anion increases oxidative stress and
results in  hypertension with  subsequent
cardiovascular nucleic acid changes [24].

In the present study, DOCA administration in
rats produced significant increase in serum Na®,
MSP, RVR, and RNA levels and a significant
reduction in serum K*, TAC, MC and DNA levels
compared with the control group. DOCA induced
hypertension is a well known model of animal
induced hypertension. The mechanism by which
DOCA induces hypertension could be through

activation of Na'-K* pump leads to increase
sodium retention and potassium excretion with
subsequent increase total peripheral resistance and
altered vascular functions [25]. It has been stated
that, in DOCA hypertensive rats, the plasma TAC
is decreased suggesting the oxidative stress role of
DOCA hypertensive rat model [26]. Ma et al. [27]
mentioned that DOCA induces hypertension may
be due to increase ROS production and reduction
of their scavenging processes. DOCA induced
accumulation of hydroperoxide in renal medulla
have been found to disturb the blood pressure-
regulating role of the kidney with a resultant severe
hypertension [28]. Also, the reduction of
bioactivity of NO and over-production of
Endothelin-1 due to oxidative stress play a role in
increasing renal vascular resistance and decrease
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renal blood flow [26]. The reduction in MC and
enhancement of HR in DOCA hypertensive rats in
our study may be due to prolonged increase in the
preload by sodium and water retention. It was
suggested that DOCA hypertensive rats developed
cardiovascular remodeling as left ventricular
hypertrophy, left ventricular inflammatory cell
infiltration, increased interstitial collagen and
increased passive diastolic stiffness which led to
prolongation of the action potential duration,
vascular  dysfunction and finally impaired
contractility [29]. High oxidative stress level in
DOCA hypertensive rats results in an increased
plasma matrix metalloproteinases leading to impair
left ventricular contraction and elasticity.
Furthermore, overproduction of ROS increases
level of Gi proteins resulting in reduction in CAMP
level which may be contribute to impair cardiac
contractility [30]. In addition, Bouzeghrane et al.
[31] have been found accumulation of fibrillin- 1
immunostaining between cardiac myocytes with
formation of microscopic scars in the perivascular
area of both ventricles led to bad contractility.
Increased heart rate in DOCA hypertensive rats in
our study may be due to renal sympathetic nerve
over-activity [32].

In the present study, DOCA hypertensive rats
showed a significant increase in RNA with a
significant reduction in DNA of left ventricular
tissue compared with normotensive rats. These
results coincide with the study of Marcil et al. [33],
who reported that the levels of Gi alpha-2 and Gi
alpha-3 mRNA were significantly enhanced in
hearts from DOCA-salt treated rats. It was
documented that free radicals are known to initiate
apoptosis signaling pathways [34]. Apoptosis have
been found in perivascular areas of the cardiac
muscles of rats at 8 days and in scar areas at 16
days after DOCA-salt treatment [35]. Abnormal
mechanical load seen in hypertension was found to
induce heart cell apoptosis. ROS over-production
increases the cardiac muscle Ca®* level that could
participate in the early stage of stretch-induced
apoptosis with nuclear fragmentation [36]. Akishita
et al. [37] reported that angiotensin-1 receptor
signaling augments endothelial cells apoptosis in
the process of oxidative stress-induced vascular
injury.

Administration of ACElI in DOCA
hypertensive group in the present study produced a
significant (P<0.001) reduction of serum Na*, MSP,
RVR and HR with a significant enhancement of
serum K*, TAC, MC and RBV values. This was in
agreement with Jia et al., [38], who reported that,
in DOCA hypertensive rats, ACEI administration
lowered SBP up to control levels which may be
due to protection of the endothelial function by
increasing NO  production.  Several other
mechanisms could explain the blood pressure
lowering effect of ACEIl including marked
reduction of serum angiotensin Il level thereby;
removing the wvasoconstriction induced by this
peptide on of coronary, renal and brain vessels [39].
Also, ACEI treatment in hypertension improves
left ventricular systolic and diastolic functions due
to improving fractional shortening, peak shortening
rate and peak lengthening rate. ACEI enhances
intracellular calcium handling and so improved
excitation contraction coupling as seen in our study
[40]. It has been reported that, ACEI treatment in
hypertension improves renal blood flow leading to
decrease progression of renal insufficiency caused
hypertension due to direct inhibition of ACE
activity in renal vessel [41].

On the other hand, hypertensive ACEI treated
rats in the present study showed a significant
increase (P < 0.001) in DNA and a significant
decrease (P < 0.001) in RNA compared with
DOCA hypertensive group. These results were
coincided with Shimozawa et al. [42], who
reported that, ACEI decreased the surface
expression of protein and mMRNA levels of
intercellular and vascular adhesion molecule-1.
ACEIl therapy was associated with decreased
Angiotensin 11, myocardial collagen content, and
myocardial stiffness [43]. It has been found that,
ACEl  reduce apoptosis by 54%  of
ischemia/reperfusion-induced cardiomyocyte
apoptosis assessed by typical DNA laddering [44].

The present investigation showed that,
treatment of DOCA hypertensive rats with oral a-
tocopherol for 6 weeks revealed a significant
decrease (P < 0.001) of serum Na*, MSP, RVR and
HR (P < 0.001) with a significant increase in total
antioxidant capacity (P < 0.001), serum K", TAC,
RBV and MC (P < 0.001) levels compared with
hypertensive non-treated group. These data were in
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agreement with Newaz et al. [45], who mentioned
that a-tocopherol-treatment produced a significant
reduction of blood pressure in DOCA hypertensive
rats by scavenging the resultant harmful oxidants.
A number of hypotheses have been suggested to
explain the hypotensive effect of a-tocopherol,
such as inhibition of platelet adhesion, decrease of
cardiac and vascular muscle cells proliferation with
reduction of protein C-kinase activity [46]. Seifi et
al., [28] reported that, oxidative stress impaired
renal handling of some electrolytes leading to
increase serum sodium and decreased serum
potassium which was reversed by oral a-tocopherol
administration.

It has been reported that, a-tocopherol
supplementation  improves left  ventricular
functions and significantly attenuates myocardial
8-iso-prostaglandin F,-a and oxidized glutathione
accumulation  [47].  a-tocopherol  improves
endothelial function through different suggested
mechanisms including; direct free radical-
scavenging activity; regulation of NO synthase
activity; regulation of enzymes such as NADPH
oxidase that generate free radicals and regulation of
antioxidant enzymes including SOD [48]. The
influence of a-tocopherol on the activity of certain
genes is one of the most striking observations made
in the field of a-tocopherol research [49]. The
expression of a-tropomyosin may play a pivot role
in the mechanism through which a-tocopherol
induced inhibition of smooth muscle cell
proliferation. It have been found that a-tocopherol
mediated inhibition of CD36 scavenger receptor
expression and the concomitant inhibition of
oxidized LDL uptake into cells prevents foam cell
formation and apoptosis in vivo [12].

The present study showed that, a-tocopherol
treatment in DOCA rats produced a significant
reduction (P < 0.001) in RNA and a significant
increase (P < 0.001) in DNA levels. It has been
found that a-tocopherol strongly but not
completely reduces programmed cell death
(apoptosis) and chemokines release suggesting
other pathways different than its antioxidant
activity [50]. Nicholson et al. [51] stated that,
apoptosis is mediated by members of the caspase
family of proteases and eventually causes the
degradation of chromosomal DNA. Fortunately, a-
tocopherol therapy plus septic challenge decreased

caspase activity, abrogated cardiomyocyte
secretion of inflammatory cytokines limiting their
apoptosis in transplanted heart [52]. Moreover,
Bansal and Jaswal [53] approved that; a-tocopherol
inhibits oxidative stress and apoptosis through
inhibition of mitochondrial damage by oxidative
stress that initiates chromatin fragmentation and
apoptosis.

Concomitant administration of oral a-
tocopherol and ACEI in DOCA hypertensive rats
revealed a significant improvement of all the
previously measured parameters compared with
DOCA hypertensive non-treated, ACEI treated and
a-tocopherol-treated groups. This improvement
may be due to the improvement of endothelial
function and serum electrolytes with ACEI [25], in
addition to antioxidant, gene expression activity
and hypolipidemic effect of a-tocopherol [12].
Also both a-tocopherol with ACEI treatment leads
to enhance generation of NO by increased eNOS
activity [48] with regulation of angiotensin 1l
receptors [54]. This may explain the additive effect
of concomitant administration of both agents.

5. Conclusion

From the present study, it seems that o-
tocopherol may be beneficial to hypertensive
patients especially when combined with ordinary
medications as ACEI , as it improved both
chemical parameters and the cardiovascular
nucleic acids state and structure; hence reduces the
risks of cardiovascular complications. The
combination of  a-tocopherol and ACEI
administration ~ dramatically  improves  the
cardiovascular performance and nucleic acids
changes in rats under stressful condition of DOCA
hypertension than the use of each alone. This study
may highlight on another mechanism through
which a-tocopherol may protect the cardiovascular
system in hypertensive patients.
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