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Abstract
Hypertension is identified as one of the most significant risk factors for cardiovascular diseases
(CVDs). There is growing evidence showing that oxidative stress plays a major role in hypertension.
Increased production of reactive oxygen species and decrease bioavailability of antioxidant have been
demonstrated in experimental and human hypertension. The present study was directed to determine
the beneficial effect of the antioxidant vitamin C in patients with essential hypertension treated with the
calcium channel blocker (amlodipine) or with the angiotensin converting enzyme inhibitor (enalapril).
Ninety six patients (50 females and 46 males) with essential hypertension and treated with amlodipine
or enalapril, age (50.43 + 0.55 year) were participated in this study and divided in to: Twenty five
patients received amlodipine 5mg tablet once daily (group 1), twenty five patients received the same
dose of amlodipine plus 500mg of vitamin C tablet twice daily (group 2), twenty three patients received
enalapril 5 mg tablet once daily (group 3), and twenty three patients received the same dose of enalapril
plus 500mg of vitamin C tablet twice daily (group 4). Twenty apparently healthy subjects (11 females
and 9 males) also participated in this study as control group (group 5). All patients were treated and
followed up for one month. The mean blood pressures were measured for each patient before treatment
and one, two, three and four weeks after treatment. Serum malondialdehyde (MDA), lipid profile,
electrocardiogram (ECG) parameters and heart rate were measured for each patient before treatment
and two and four weeks after treatment. The addition of vitamin C to amlodipine or enalapril treated
patients had resulted in a significant (p<0.05) lowering effect on mean blood pressure after two, three
and four weeks. On the other hand, the addition of vitamin C to amlodipine or enalapril treated patients
had resulted in a significant lowering of serum MDA after two and four weeks of treatment. While
there was no significant change in lipid profile or ECG parameters and heart rate of patients in group
two and four after two and four weeks of vitamin C treatment as compared to their values at zero time
and to patients in group one and three respectively. The study indicates that oxidative stress may have a
significant role in essential hypertension, and addition of the antioxidant vitamin C to antihypertensive
drugs used in this study can give a good blood pressure lowering effect and good protection against
lipid peroxidation.
Key words: Antioxidant ,Vitamin C, Essential Hypertension, Amlodipin , Enalapril
dadal)
Sl agall G I el dgalite J3Vo @llia | dae V1 il ial yely AaBl ol sl ST (e aal 5 ) Jara ¢ i)
) & el 1Sl Sliadd 18 giall adal) a0 aans e Cagan g Adladl Aul Al aall Jaiia Ja g (o pe 8 Lt 150 sy
SLE ALl oo pall harm gl Y saliae alie Aol agiallas ol (pillg (g8 sall aall haiim dajs Gaubaddl o all
L;)Ajal\ r:ﬂ\ .Lu...a)a)m Glas (add el y G (d.:).\ﬂ.:\) ot SO (J gaal) r;.\);)\l.}a.u.d\_j ( u.uA}Lx\) e}.u..J\Sll
v.00) Jleel Jarayy ) dariiay Cangdl () ) shoay ol (1 Ja 5B ol o slaW1 aladinly (g gallay 583 (£7) 5 &lil(o )
j‘;,y\ Ao sanall (Cmaslal) (e La sy ol slale (0) ) salivd (s ya (Y0) 1 (I ) gand g Al all 038 @’ 15S LS L (00 £Y
A e (YY’) ‘54_\.1\_\!\ AG)M\ uuubﬁwuyuufe\)ﬂa(°~ ~) j(u.\.m)h\) u‘a‘u‘_‘)a.“ |_5.4Lm\ =% (Vo)
u‘,ye\fjﬁ (90 +) 5 (L) e de ol (i | sali) (s 3a(YT) 5 A de ganall (Jaydbl) (0 La s ol yla (©) ) salial
1SS el dl) Ao gaaall 583 (1) 5 &L (V)Y) 3okl Ao gans prian padd (Y1) Anl )l Ao ganall & adlid (e
(£e7eYe) ) dmys =l U (jomy e JST Al o ol Jain Jana s 3a) 5 g 53l aim el 481 s s 0lad) i Gam A )
i G e JS0 gl o3 Qlall lias Jama 5 il Japads iy o sl (5 sluse 5 lguablai sllall (5 e ¢ Aadlaall (e @il
3 O shal aladiuly ¢ gallay (Al aa pall & paalid 2o Sliae dila) o) Aallaall (e aald (£6Y) 2ay5 Aallaally 2l
slime Al of Al Aal ey Aalleadl ey (e gl (£670Y) 5 00 2ny Jaiall Jane 8 L gina Lialids) aie 55y 5allsY)
(£¢Y)os0m 3m Mgl Il (5 s B Lisina Lialidil aie i dagl )l ) 4l Ao panall (3 oaim pall & (palish 20SUl
‘;Gm)aﬂuﬁﬂ uLmﬂdAuj‘_\lﬂ\Mn_\Uh; ‘uﬁﬂ\éjﬁum@d}iu)ﬁd\@mé@u@\ cmu.ncu\...u\
& oalddYly Jhall 8y Al gl i die O el Aallaall s (e alid (€0Y) BEBY 2y daal Hl) g A0l de ganl)
s msall pll darim T b (e B Lysine 153 (s amSUll agall o) < selal Al ,all oda () Lalia e LA 5 1 5¥) de sanall
L 8 s G gine Ll e 08 o yall 2 3lad (sl f o shal ) Feadivual) yilaall & (paalih anSUll aila ddlial )
Ol 30T aia Bua Al g =

! Corresponding author E- mail : drkassim_alshamaa@yahoo.com
Received : 13/3/2010
Accepted : 5/4/2011

50



Iragi J Pharm Sci, Vol.20(1) 2011

Introduction

Hypertension is a common disease that is
defined simply as persistently elevated blood
pressure (B.P). Hypertension is identified as
one of the most significant risk factors for
cardiovascular diseases (CvDs)®.
Hypertension adversely affects many organ
systems throughout the body. Target organ
damage includes Brain (Stroke or transient
ischemic attack), Eyes (Retinopathy), Heart
(Left ventricular hypertrophy, angina, prior
myocardial  infarction, prior  coronary
revascularization and heart failure). Kidney
(Chronic  kidney disease) and peripheral
vasculature (peripheral arterial disease) ®. The
overall goal of treating hypertension is to
reduce hypertension-associated cardiovascular
and renal morbidity and mortality®.
Pharmacological therapy involves prescribing
of different antihypertensive drug classes.
These agents can be given alone or in
combination to treat the majority of
hypertensive patients depending on B.P
stage®®. The role of oxidative stress in genesis
and maintenance of hypertension is supported
by amelioration of hypertension  with
antioxidant administration® . Vitamin C
(ascorbic acid) is an essential micronutrient
required for normal metabolic function of the
human body which is considered a very
efficient water soluble antioxidant®.Several
studies have been shown that human with
essential hypertension have a decreased
antioxidant  capacity”® A number of
epidemiological studies have been shown a
negative correlation between B.P. and vitamin
C level®™ vitamin C might influence B.P. by
acting as a free radical scavenging properly
preventing prostacyclin synthetase inhibition.
It has been found a lower levels of vitamin C
in sustained hypertensive than normotensives
human, this could be a result of greater
antioxidant consumption, either for direct
reactions or for regeneration of vitamin E to its
reduce form, in response to an increased
oxidant load associated with sustained
hypertension™ . The present study was
directed to determine the beneficial effect of
the antioxidant vitamin C in patients with
essential hypertension treated with the calcium
channel blocker (amlodipine) or with the
angiotensin  converting enzyme inhibitor
(enalapril).

Patients and Methods

This study was carried out over nine
months from November 2006 till July 2007.
Many patients were interviewed according to
patient's information sheet. Patients who
enrolled in our study were diagnosed as they
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having essential hypertension and treated by
specialist physicians while attending AL-Sadr
Teaching Hospital in Basrah city. Ninety six
patients (50 females and 46 males) with
essential hypertension treated with calcium
channel blocker (amlodipine), or with
angiotensin  converting enzyme inhibitor
(enalapril), but did not reach the target blood
pressure, and twenty apparently healthy
subjects (11 females and 9 males) participated
in this study.

Inclusion and Exclusion Criteria

The inclusion and exclusion criteria of all
patients in this study are summarized as
follow:
Inclusion and exclusion criteria of
hypertensive patients enrolled in the study
Inclusion criteria

Patients with mild to moderate essential
hypertension treated with calcium channel
blocker (5mg daily of amlodipine), or with
angiotensin converting enzyme inhibitor (5 mg
daily of enalapril), but did not reach the target
blood pressure.
Exclusion criteria

Secondary hypertension. Smoking or
alcohol consumption. History of myocardial
infraction (MI), angina pectoris, heart failure
(HF), thyrotoxicosis, pregnant women,
diabetes mellitus, malabsorption, uncontrolled
arrhythmias and significant renal, hepatic or
hematological diseases.Use of nonsteroid anti-
inflammatory  drugs, steroids, oestrogen
containing preparation (like oral contraceptive
pills and hormonal replacement therapy),
cyclosporine, erythropoietin and
sympathomimetic containing drugs or other
medications that effect blood pressure,lipid
profile, ECG or antioxidant status.

Patients were divided as follows:

Group 1: twenty five patients with essential
hypertension treated with
amlodipine 5 mg tablet once daily.

Group 2: twenty five patients with essential

hypertension received the same

dose of amlodipine plus 500 mg
vitamin C twice daily.

twenty patients with essential
hypertension treated with enalapril

5 mg tablet once daily.

Group 4: twenty three patients with essential
hypertension received the same
dose of enalapril plus 500 mg
vitamin C twice daily.

Group 5: twenty apparently healthy subjects.

Group 3:

All patients in each group were followed up
for four weeks, and mean blood pressure had
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been taken for each patient before and one,
two, three and four weeks after starting
treatment®™. Serum MDA, lipid profile (TC,
TG, HDL-C, LDL-C and VDL-C), ECG
parameters (PR, QRS, and P- wave), and heart
rate have been taken for each patient before
and two and four weeks after starting
treatment. Twenty apparently healthy subjects
have also participated in this study. The
thiobarbituric acid essay of Buege and Aust
(1978) was used to measure serum MDA
levels 2. The estimation of total cholesterol
depends on enzymatic colorimetric method of
Richmond and Allain et al.,(1974) ®_ The
estimation of Triglycerides depends on the
enzymatic colorimetric method of fossati and
Principe®™. The estimation of High Density
Lipoprotein-Cholesterol ~ depends on the
enzymatic method of Burestien et al, (1970)
@9 " The LDL-C was calculated by the
Friedwald formula as follows":

LDL-C= total cholesterol - [(HDL-C) +
(triglyceride/5)].

The VLDL-C is calculated from the formula:
VLDL — C =triglyceride/5

All values are expressed as mean + standard
error of the mean. Data are entered in to
computer system using Microsoft office Excel
2003 software for all mathematics and
statistical analysis. the student's test was used
to determine the significant difference in
means of groups. P < 0.05 was considered to
be the lowest limit of significance.

Results

Table (1) showed the serum levels of
MDA in patients with essential hypertension
treated with amlodipine (group 1) or with
enalapril (group 3) at zero time, these values
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were significantly higher than their values in
control group. Table (2) showed that patients
received amlodipine and vitamin C (group
two) or enalapril and vitamin C (group four)
showed significant lowering in average mean
blood pressure after two, three and four weeks
of treatment as compared with their values at
zero time and their values in group one or
three. Table (3) showed that the addition of
vitamin C caused a significant lowering in
serum MDA after two and four weeks of
treatment in amlodipine and vitamin C treated
group (group two) or enalapril and vitamin C
treated group (group four), as compared with
zero time values and their values in group one
or three. The lowering in serum MDA was
more prominent after four weeks of
amlodipine or enalapril and vitamin C
treatment as compared with their values after
two weeks of treatment. The serum level of
MDA in patients treated with enalapril and
vitamin C (group four) were significantly
lower than their values in those patients treated
with amlodipine and vitamin C (group two)
after two and four weeks of treatment.

Table 1: Serum malondialde(umol/l) of
control group, patients treated with
amoldipine (group one), or with enalapril
(group three) at zero time. Values are
presented as meanz standard error; p<0.05
indicated significant changes from control
group.

Group Number of Serum
patients malondialdehyde.
(nmol/l)
Control group 20 0.5 +0.03
Group one 25 1.39 £0.04*
Group three 23 1.13 £0.03*

* Significant at p<0.05 as compared with
control group.

Table 2 : Mean blood pressure (mmHg) of patients in group one, two, three and four.

Mean blood pressure in (mmHQ)
Time Group1 |Group 2 Amlodipine +vit.C| Group 3 Enalapril Group 4 Enalalpril +
Amlodipine n=25 n=23 vit.C n=23
n=25

Zero time | 119.06 +0.68 118.8 £ 0.82 117.48 £1.06 117.97 £1.02

1" week |118.62 +0.64 117.2+£0.78 117.01 £0.95 116.37 £ 1.02
2" week [117.82 +0.61 1144+ 0.83*a 116.52 £ 0.93 114.03£ 0.97 *b
3" week | 117.7 £0.62 111.57 £ 0.85* a 116.08 £+ 0.97 114.36 £+ 0.94*b
4™ week |117.28 +0.52 108.08 £ 0.78* a 115.16 £ 0.85 110.66 + 0.93*b

*significant at p<0.05 as compared with zero time value.

a significant at p<0.05 as compared with group one.
b significant at p<0.05 as compared with group three.
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Table 3 : Serum malondialdehyde (umol/l) of patients in group one, two, three and group four.

Serum malondialdehyde (umol/l)
Time Group 1 Group 2 Group 3 Group 4
Amlodipine Amlodipine + vit.C Enalapril Enalalpril + vit.C
Zero time |1.39 + 0.05 1.37+0.4 1.13 £ 0.03 1.06 +£0.03
2" week 1.34+£0.5 1.16 £ 0.4 *a 1.13 £ 0.03 0.97+ 0.03 *bc
4™ week 1.34 +0.04 0.83 + 0.03* a 1.11 £+ 0.03 0.77+0.03*bc

a significant at p<0.05 as compared with group one.
b significant at p<0.05 as compared with group three.

c significant at p<0.05 as compared with group two.

There was a significant change in lipid profile
in  hypertensive  patients treated  with
amlodipine or enalapril at zero time as
compared to their values in control group
(Table 4). This change includes an elevation in
serum level of (TC,TG, LDL-C and VLDL-C),
while there was slight, but not significant
reduction in serum level of HDL-C in
hypertensive patients as compared to their

values in control group. There were no
significant changes in lipid profile, ECG
parameters and heart rate of patients treated
with amlodipine pulse vitamin C (group two)
or patients treated with enalapril plus vitamin
C (group four) compared to their values at zero
time or to patients received amlodipine or
enalapril alone (group one and two). (Table
5and 6).

Table 4 : Lipid profile parameters (TC, TG, LDL-CHDL-C and VLDL-C) of control group,
patients in group one and in group three at zero time.

Lipid profile Control group Group 1 Group 3

parameters n=20 n=25 n=23
TC (mmol/L) 4.18+0.15 5.0 £ 0.09* 4.87 +0.1*
TG (mmol/L) 1.94 £0.09 2.51+ 0.04* 2.43 +0.04*
HDL-C (mmol/L) 1.22+0.02 1.1 +0.02 1.08 £0.03
LDL-C (mmol/L) 2.57 +0.14 3.41 +0.09* 3.36 +0.09*
VLDL-C (mmol/L) 0.39+ 0.02 0.5 +0.01* 0.49 £ 0.01*

* Significant at p<0.05 as compared with control group.

TC: Total cholesterol; TG: Triglyceride; HDL-C: High density lipoprotein cholesterol; LDL-C: Low
density lipoprotein cholesterol; VLDL-C: Very low density lipoprotein cholesterol; N: number of

patients.

Table 5 :

lipid profile (TC, TG,HDL-C, LDL-C and VLDL-C) in patients treated with

amlodipine (group one), patients treated with amlodipine and vitamin C (group two), patients
treated with enalapril (group three), and patients treated with enalapril and vitamin C (group

four).
Lipid profil Group 1 Group 2 Group 3 Group 4
parameters Amlodipine Amlodipine + vit C Enalapril Enalapril + vit C
Zerotime | 4"week | Zerotime | 4™ week | Zerotime | 4" week | Zerotime | 4™ week
TC
(mmol/L) 502+0.09( 5+0.09 |5.03+0.11|4.87+0.12 | 487+0.1 [ 482+0.1 [4.89+0.1 | 484+0.1
z—n?mollL) 2.51+0.04 | 2.49+0.04 |2.46 £0.04| 2.39 £+ 0.04 |2.43+0.04(2.39+0.04(2.42 +0.05( 2.38 £ 0.05
HDL-C
1.1 +£0.02| 1.13+0.02 {1.08 £0.02| 1.15+0.02 |1.08 £0.03(1.12 +0.02(1.11+0.01| 1.18 £ 0.02
(mmol/L)
LDL-C
3.41+0.09 | 3.38+0.04 |3.43+0.12| 3.35+0.12 |3.31+0.09( 3.25+0.1 | 3.29+0.1 | 3.23+0.1
(mmol/L)
VLDL-C
(mmol/L) 0.53+0.01| 0.51+0.01 |0.5 +0.01| 0.46 £0.01 {0.5 *0.01]{0.51+0.01|0.49 £0.01| 0.46 +0.01

TC: Total cholesterol; TG: Triglyceride; HDL-C: High density lipoprotein cholesterol; LDL-C: Low
density lipoprotein cholesterol; VLDL-C: Very low density lipoprotein cholesterol
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Table 6 : ECG parameters (PR,P-wave, and QRS) and heart rate in patients treated with
amlodipine (group one), patients treated with amlodipine and vitamin C (group two), patients
treated with enalapril (group three), and patients treated with enalapril and vitamin C (group
four). Values are presented as mean + standard error.

ECG Group 1 Group 2 Group 3 Group 4
parameters Amlodipine Amlodipine + vit C Enalapril Enalapril + vit C
Zero time | 4"Mweek | Zerotime | 4™week |Zerotime | 4™Mweek | Zerotime | 4" week
HR(bpm) 68+0.16 69.28+0.92 | 66.64+1.18 | 71.64+1.11 [ 69.04+1.03 | 71.2+0.93 | 68.78+1.07 | 72.12+0.98
PR(ms) 167.12+£3.33 | 167.84+3.4 | 167.52+2.74 | 162.44+2.28 | 167.04+£2.59(163.57+2.43  169.39+2.18 | 163.83+1.96
P-wave(ms) | 95.84+1.81 | 98.12+1.64 | 94.62+2.33 | 100.16+1.86 | 95.91+1.83 | 101.39+1.67 | 98.39+1.92 |103.83+1.69
QRS (ms) 103.32+2.66 | 105.84+2.73 | 102.8+2.89 | 108.2+2.41 |104.09+2.26|107.48+2.19|103.83+2.14 | 108+2.1
Discussion observed in amlodipine plus vitamin C treated

Results in this study showed that patients
with essential hypertension treated with
amlodipine or enalapril had significantly
higher levels of malondialdehyde as compared
to control group. This is in agreement with
other worker who demonstrated an increase in
ROS production in patients with essential
hypertension, based in general, on increased
levels of serum thiobarbituric acid-reactive
substance and other biomarkers of lipid
peroxidation and oxidative stress*?. Animals
and human studies demonstrated that reactive
oxygen  species play an  important
pathophysiological role in the development of
hypertension, this is due to excessive
superoxide formation, decreased nitric oxide
bioavailability in the vasculature and kidney,
and ROS- mediate cardiovascular
remodeling®® . In both endothelial and
vascular smooth muscle cells mechanical
stretch has been shown to activate the
NAD(P)H oxides which is an important source
for ROS production™. Our results showed
that patients with essential hypertension
treated with amoldipine or enalapril showed a
significant change in lipid profile as compared
with control group. This is consistent with
Sarkar et al (2007), who showed that TC, TG,
and LDL-C in forty hypertensive patients were
significant higher than their values in thirty
normotensive and healthy subjects®® .The
addition of vitamin C in a dose of 1000 mg for
one month for patients with essential
hypertension treated with amlodipine or
enalapril produced significant lowering in
serum levels of MDA after two and four weeks
of treatment, this lowering could be due to the
activity of vitamin C as free radicals
scavenger, that helps to terminate the free
radicals dama?ing effect and to prevent lipid
per- oxidation®™ .The lowering of serum level
of MDA in patients treated with enalapril plus
vitamin C was significantly greater than that
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patients after two and four weeks of treatment.
This could be due to the different mechanism
of action of angiotensin converting enzyme
inhibitor (enalapril) and calcium channel
blockers (amlodipine). Where the activation of
rennin-angiotensin system has-been proposed
as mediator of NAD(P)H oxidase activation
and ROS production® . In fact, some
mechanism of action of angiotensin -
converting enzyme inhibitors have been
attributed to NAD(P)H oxidase inhibition and
decreased in ROS production® . Likewise the
addition of vitamin C in the same dose and for
the same period had result in significant
loweing effect in mean blood pressure after
two, three and four weeks of treatment. This is
consistent with Hajjar et al (2002), who
demonstrated that both systolic and diastolic
blood pressure decreased during the vitamin C
supplementation phase in thirty one patients
treated with antihypertensive drugs and
vitamin ¢® and with Jennifer (2004) who
showed that the antioxidant supplementation
might reduce dependence on blood pressure
lowering effect of calcium channel blocker
nifedipine in 58 adults with essential
hypertension ® The role of vitamin C in
reducing blood pressure has different ways
including, its direct free radicals scavenging
ability and termination their damaging effect
on Dblood wvessels and prevent lipid
peroxidation®® the second way is its ability to
regulate nitric oxide synthase that generate
nitric oxide a potents vasodilator that play a
key role in controlling the cardiovascular
system, the third way is its ability to regulate
the NAD(P)H oxidase activity and ROS
production, the fourth way is its ability to
regulate  antioxidant enzyme including
superoxide dismutase and glutathione, in
addition to their ability to reduce vitamin E to
its active form; the fifth way is that ascorbic
acid increase tetrahydrobiopterin an important
cofactor of nitric oxide synthase enzyme by
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preventing its oxidation (chemical stability)®“”.
Finally it has been demonstrated that oxidative
stress and hypertension are closely associated
with higher sympathetic activity® . Thus, it
could be argued that vitamin C induce change
in blood pressure observed in the present study
may be in part attributed to its inhibitory effect
on the sympathetic activity or antioxidant
induced change in the release of
norepinephrine from the nerve terminal® .In
the first week of treatment with vitamin C
there was no significant lowering effect on the
mean blood pressure, this would indicate that
the blood pressure lowering effect of vitamin
C was in long-term, where long period
required to restore nitric oxide cofactor
(tetrahydrobiopterin) level by preventing its
oxidation® .In conclusion the lowering in
mean blood pressures were not differ
significantly when comparing patients treated
with enalapril plus vitamin C to those treated
with amlodipine plus vitamin C.
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