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A B S T R A C T

Oxidative stress has been associated with mechanisms of EH (essential hypertension). The aim of
the present study was to test the hypothesis that the antioxidant properties of vitamins C and E
are associated with a decrease in BP (blood pressure) in patients with EH. A randomized double-
blind placebo-controlled clinical trial was conducted in 110 men with grade 1 EH (35–60 years of
age without obesity, dyslipidaemia and diabetes mellitus, non-smokers, not undergoing vigorous
physical exercise, without the use of any medication and/or high consumption of fruit and veget-
ables). Participants were randomly assigned to receive either vitamins C + E [vitamin C (1 g/day)
plus vitamin E (400 international units/day)] or placebo for 8 weeks. Measurements included
24 h ambulatory BP and blood analysis of oxidative-stress-related parameters in erythrocytes
(GSH/GSSH ratio, antioxidant enzymes and malondialdehyde) and plasma [FRAP (ferric reducing
ability of plasma)], and levels of 8-isoprostane, vitamins C and E were measured at baseline and after
treatment. Following administration of vitamins C + E, patients with EH had significantly lower
systolic BP, diastolic BP and mean arterial BP and higher erythrocyte and serum antioxidant capacity
compared with either placebo-treated patients with EH or the patients with EH at baseline prior
to treatment. BP correlated positively with plasma 8-isoprostane levels and negatively with plasma
FRAP levels in the vitamins C + E- and placebo-treated groups. In conclusion, the present study
supports the view that oxidative stress is involved in the pathogenesis of EH, and that enhancement
of antioxidant status by supplementation with vitamins C and E in patients with EH is associated
with lower BP. This suggests intervention with antioxidants as an adjunct therapy for hypertension.

INTRODUCTION

An increasing body of evidence suggests that oxidative
stress is involved in the pathophysiological mechanism

of hypertension [1–3], which is considered to be the
most important cardiovascular risk factor worldwide
[4]. Oxidative stress results from an imbalance between
the generation of ROS (reactive oxygen species) and the

Key words: antioxidant status, antioxidant vitamin, blood pressure, essential hypertension, lipid peroxidation, oxidative stress.
Abbreviations: AAMI, Association for the Advancement of Medical Instrumentation; BMI, body mass index; BP, blood pressure;
ABPM, ambulatory BP monitoring; CAT, catalase; CV, coefficients of variation; DBP, diastolic BP; EH, essential hypertension;
eNOS, endothelial NO synthase; ET-1, endothelin-1; FRAP, ferric reducing ability of plasma; FRASC, ferric reducing/antioxidant
and ascorbate concentration; GSH-Px, glutathione peroxidase; IU, international unit; MAP, mean arterial BP; MDA,
malondialdehyde; ROS, reactive oxygen species; SBP, systolic BP; SOD, superoxide dismutase.
Correspondence: Dr Ramón Rodrigo (email rrodrigo@med.uchile.cl).



antioxidant defence systems [5,6]. ROS may increase due
to a decrease in the activity of antioxidant enzymes in
patients with EH (essential hypertension) [7]. In turn, an
increase in BP (blood pressure) may enhance vascular
production of superoxide through a mechanism that
is independent of the activation of the RAS (renin–
angiotensin system) [8]. Although it is presently unclear
whether endothelial dysfunction is a primary abnormal-
ity or a consequence of increased BP, it is known that
superoxide rapidly inactivates the endothelium-derived
vasodilator NO, thereby promoting vasoconstriction [9].
Consequently, attempts to counteract the hypertensive
effects of ROS have led to the use of exogenous
antioxidants to improve vascular function and reduce BP
in animal models [10] and human hypertension [11,12].
The role of the antioxidants vitamins C and E has emerged
as a possible therapy for decreasing oxidative stress and
thereby lowering BP. Additionally vitamins C and E
down-regulate NADPH oxidase, a major source of ROS
in the vascular wall, and up-regulate eNOS (endothelial
NO synthase) [13], both of these effects lower BP. Despite
these biological effects, long-term clinical trials have
failed to consistently support the antihypertensive effects
of vitamins C and E in patients at high cardiovascular risk.
However, results of studies showing that supplemental
antioxidant vitamin intake lowers BP [14–16] in short-
term trials are inconsistent [17]. Most of such studies have
looked at all-cause or cardiovascular mortality, rarely
focusing on BP as a primary end point [18]. None of the
large clinical trials examined the effects of antioxidants
specifically on BP [19]. Moreover, the majority of clinical
trials that did not find any antihypertensive effects of
antioxidant vitamins lack rigorous exclusion criteria in the
selection of subjects to avoid the influence of confounders
[20]. Antihypertensive drug therapy, in addition, may
also have beneficial effects on both oxidative stress
and endothelial function [18]. On the basis of this
paradigm, the aim of the present study was to specifically
address the role of oxidative stress in the development
of EH. In addition, we studied the association of the
antioxidant properties of vitamins C and E with its
possible antihypertensive effects. A randomized double-
blind placebo-controlled study was conducted to test
the hypothesis that oral administration of vitamins C
and E together, by improving the antioxidant status,
causes a decrease in BP in patients with mild-to-moderate
EH.

MATERIALS AND METHODS

Materials
All reagents were purchased from Sigma–Aldrich, Merck
or Riedel-de Häen, and were of the highest commercial
grade available.

Study population and the diagnosis of EH
The study included 110 never-treated male patients with
EH [mean age, 46 years (range, 35–60 years)]. Patients
were recruited from newly diagnosed cases at the Cardio-
vascular Center, University of Chile Clinical Hospital,
Santiago, Chile between March 2004 and December
2006. During each patient visit, BP was measured with
a standard mercury sphygmomanometer. Secondary
hypertension was excluded by clinical history, physical
examination and appropriate tests. Inclusion criteria of
the patient were: men, 35–60 years of age, hypertension
[mean day time SBP (systolic BP) between 135 and
154 mmHg or DBP (diastolic BP) between 85 and 94
mmHg by ABPM (ambulatory BP monitoring)] [21], no
diabetes or impaired glucose tolerance [22], the absence
of proteinuria, a BMI (body mass index) between 23 and
29.9 kg/m2, total serum cholesterol <5.4 mmol/l,
and serum triacyglycerol (triglyceride) <2.3 mmol/l. Ex-
clusion criteria included smoking, consumption of
alcoholic beverages >40 g/week, concomitant diseases,
currently performing vigorous physical exercise, use of
medication (including mineral or vitamin supplements,
antihypertensive drugs or statins) and/or the high
consumption of fruits and vegetables. Grade I EH
was diagnosed according to the European Society of
Hypertension and Cardiology criteria [23]. Dietary food
and nutrient intake was assessed using a 3-day food re-
cord, and physical activity levels were controlled with a
modified Baecke questionnaire [24] at baseline and at the
end of the study. Recruited patients were asked not to
change their physical activity habits and dietary intake
during the study.

The study was conducted according to the Helsinki
Declaration of the World Medical Association (2000),
and informed written consent was obtained from all
subjects before participation in the trial.

Normotensive control group
A total of 110 normotensive subjects were recruited from
the same clinic as the subjects with hypertension. This
group served as a normotensive reference to determine
normal values of the biochemical parameters studied.
The remaining inclusion and exclusion criteria for this
group were the same as the patients with EH.

ABPM
BP was measured by ABPM on a normal workday (over
24 h from 08:30 hours) using an oscillometric monitor
(SpaceLabs 90207) checked previously for accuracy
against simultaneous measurements by mercury
sphygmomanometer. This device fulfils the validation
criteria of the British Hypertension Society protocol
[25] and satisfies the criteria of the AAMI (Association
for the Advancement of Medical Instrumentation) for
studies in ambulatory conditions [26]. The oscillometric
accuracy, assessed by Spacelabs intra-arterial average



differences for SBP and DBP (−0.6 +− 5.9 and 0.9 +−
6.4 mmHg respectively), were within the AAMI accuracy
standard. The estimated oscillometric reproducibility was
−0.3 +− 3.2 and 0.1 +− 3.5 mmHg (values are means +− S.D.)
for SBP and DBP respectively. The adult cuff and the
large adult cuff were used for arm circumferences of
24–31 cm and 32–42 cm respectively.

Study design
A randomized double-blind placebo-controlled study
was conducted. Screened patients were randomly alloc-
ated to daily treatments of either placebo (n = 55) or vit-
amins C + E [n = 55; 1 g of vitamin C, as l-ascorbic acid,
plus 400 IU (international unit) as vitamin E, as R,R,R,-α-
tocopherol acetate] once a day for 8 weeks. Both medica-
tions were given in encapsulated forms to ensure that the
placebo and vitamins were indistinguishable from each
other, and were provided by Procaps and Gynopharm
CFR Laboratories. All patients were asked to take the
assigned medication 30 min before breakfast once a day.
At baseline and at the end of the study, subjects underwent
24-h BP monitoring (ABPM) to check for BP changes,
and blood samples were collected for the determination
of lipid, glucose profile, plasma levels of BP modulators
[renin, aldosterone, ET-1 (endothelin-1), homocysteine,
folic acid and vitamin B12], plasma and erythro-
cyte oxidative-stress-related parameters and antioxidant
status. All blood samples were collected at the same time
of day to minimize circadian variations. Adverse events,
clinic BP measurements and compliance with the study
medication were recorded during each follow-up visit and
through weekly direct communications with the patients
(by telephone or email). The methods of measuring BP
followed the Joint National Committee guidelines [27].
All study personnel and participants remained blinded to
the treatment assignment for the duration of the study.

Blood sampling
Blood samples from the antecubital vein were collected
in chilled Vacutainers containing EDTA (1.5 mg/ml) and
were centrifuged at 3000 g for 10 min to obtain plasma.
Erythrocytes were subjected to hypotonic haemolysis by
dilution with distilled water. Plasma samples and eryth-
rocyte lysates were stored at −70 ◦C. For the measure-
ment of 8-isoprostane, blood was collected in plastic
tubes treated with the antioxidant butylated hydroxy-
toluene (final concentration, 1 mmol/l).

Assays of oxidative-stress-related
parameters

FRAP (ferric reducing ability of plasma)
Plasma antioxidant status was assessed by measuring its
ability to reduce ferric to ferrous iron, with a detection
limit 10 µmol/l [28]. The inter-assay and intra-assay CVs
(coefficients of variation) for FRAP were 3.0 and 1.0%
respectively.

Glutathione
GSH and GSSG levels were assayed by fluorimetry in
erythrocytes and the GSH/GSSG ratio was calculated as
a parameter of intracellular redox status [29]. The inter-
and intra-assay CVs for GSH and GSSG were 3.1 and
4.2% and 2.7 and 3.5% respectively

MDA (malondialdehyde)
Erythrocyte lipid peroxidation was assayed spectro-
photometrically at 532 nm by the thiobarbituric acid
reaction at pH 3.5, followed by solvent extraction
with a mixture of n-butanol/pyridine (15:1, v/v) [30].
Tetramethoxypropane was used as the external standard,
and the levels of lipid peroxides are expressed as nmol of
MDA/g of Hb. The inter-assay and intra-assay CVs
for MDA were 10.5 and 4.8% respectively.

8-Isoprostane
Plasma 8-isoprostane concentration (in pmol/ml),
recognized as a reliable biomarker of lipid peroxidation
in vivo [31], was determined by using an ELISA kit
(Cayman) [32]. The inter- and intra-assay CVs were 9.5
and 10.7% respectively.

Assessment of plasma vitamin C and E concentrations
Plasma vitamin C levels were assessed no later than 2 h
after blood samples collection by a colorimetric FRASC
(ferric reducing/antioxidant and ascorbate concentration)
assay. FRASC is a fast and reliable alternative to HPLC,
with a detection limit of 3.0 µmol/l [33]. The intra- and
inter-assay CVs were 2.7 and 4.9% respectively.

Plasma vitamin E concentration was measured by
HPLC, and inter-assay and intra-assay CVs were 6.4
and 4.5% respectively [34]. Blood samples were
centrifuged for 5 min, the supernatant was extracted with
hexane and evaporated to dryness. The dry residue was
dissolved in methanol and used for reverse-phase HPLC
using a NovaPack 15033.9 mm column (4 mm particle
size) and a UV detector at 292 nm (Lambda max 480;
Millipore-Waters).

Antioxidant enzymes
Erythrocyte lysates were homogenized in 0.25 mol/l
sucrose for the determination of Cu-Zn SOD (superoxide
dismutase) activity or in 1.15 % KCl/10 mmol/l Tris/HCl
buffer (pH 7.4) for CAT (catalase) and GSH-Px
(glutathione peroxidase) activity. The Cu-Zn SOD assay
is based on the SOD-mediated increase in the rate of auto-
oxidation of catechols in an aqueous alkaline solution
to yield a chromophore with a maximum absorbance
at 525 nm [35]. One Cu-Zn SOD unit is defined as the
activity that doubles the auto-oxidation background, and
results are expressed as units/g of Hb. CAT activity
was assayed by the kinetic of breakdown of H2O2 at
240 nm by an aliquot of the 2400 g supernatant and are
expressed as the first-order reaction rate constant (k)/g of



Hb [36]. Soluble GSH-Px activity was measured spectro-
photometrically in the cytosolic fraction (100 000 g super-
natant) by the reduction of glutathione disulfide coupled
to NADPH oxidation by glutathione reductase [37]. One
GSH-Px unit is defined as the activity that oxidizes
1 µmol of NADPH/min and is expressed as units/g of
Hb.

Modulators of BP
Plasma levels of other BP modulators were measured,
including renin and aldosterone by RIA and ET-1,
homocysteine, folic acid and vitamin B12 by ELISA.

Statistical analysis
The required sample size was calculated by using BP
as the primary endpoint; 45 patients in each group
provided us with a � 80% power to detect a 5 mmHg
difference in the mean BP of both treatment groups.
In addition, this calculation was also applied to the
biochemical parameters of the study. Descriptive
statistics of variables are presented as means +− S.E.M.
Baseline differences between the normotensive control
group and patients with EH and between the clinical
characteristics of the groups receiving vitamins C + E and
placebo were assessed using Student’s t test. Biochemical
parameters and SBP, DBP and MAP (mean arterial BP) of
patients with EH at baseline and following placebo and
vitamin treatment were compared by one-way ANOVA,
followed by Bonferroni’s multiple comparison test as
the post-hoc test. P < 0.05 was considered statistically
significant. The association of variables was studied
by Pearson correlation test due to their Gaussian
distribution. All statistical analyses were calculated using
GraphPad PrismTM version 2.0.

RESULTS

Clinical characteristics

Compliance and monitoring of side effects
Two recruited patients were unable to complete the
8 week treatment period. One patient abandoned
the therapy by week 5, due to a geographical change in his
work location. The second patient abandoned the treat-
ment by the week 3 as he required an elective cholecystec-
tomy. Both were replaced with new patients with EH fol-
lowing the same inclusion and exclusion criteria in order
to ensure the sample size of 55 patients in each group.

No side effects were either observed or reported
throughout the trial.

Baseline
Dietary and physical activity habits and body weight
did not change during the study. Baseline characteristics
of the normotensive control group (n = 110) and study
patients with EH (n = 110) are shown in Table 1. Mean

Table 1 Clinical characteristic of patients with EH and
healthy normotensive subjects
Values are means+− S.E.M. HDL, high-density lipoprotein; LDL, low-density
lipoprotein. *P value was determined using an unpaired Student’s t test.

Normotensive Patients
Characteristic subjects with EH P value∗

n 110 110
Age (years) 44.1 +− 0.9 45.6+− 1.1 0.29
BMI (kg/m2) 25.1+− 0.3 25.5+− 0.2 0.26
Heart rate (beats/min) 72.2+− 1.1 73.6+− 1.4 0.43
Serum glucose (mmol/l) 4.96 +− 0.04 5.07+− 0.08 0.22
Creatinine (µmol/l) 77.4+− 1.3 79.2+− 1.9 0.43
Total cholesterol (mmol/l) 4.62+− 0.17 4.72+− 0.22 0.71
HDL-cholesterol (mmol/l) 1.26+− 0.02 1.20+− 0.05 0.26
LDL-cholesterol (mmol/l) 2.62+− 0.20 2.82+− 0.14 0.41
Serum triacylglycerols (mmol/l) 1.44+− 0.06 1.50+− 0.02 0.34
Renin (pmol · l−1 · h−1) 24.1+− 2.1 21.1+− 1.9 0.29
Aldosterone (nmol/l) 0.22+− 0.02 0.24+− 0.01 0.37
ET-1 (pmol/l) 2.67+− 0.18 2.71+− 0.14 0.86
Homocysteine (µmol/l) 8.62+− 0.21 9.11+− 0.33 0.21
Folic acid (nmol/l) 44.9+− 1.2 46.1+− 1.2 0.47
Vitamin B12 (pmol/l) 226+− 6 226+− 6 1.00
Daytime

SBP (mmHg) 119+− 0 139+− 0 < 0.001
DBP (mmHg) 77.4+− 0.3 96.3+− 0.7 < 0.001
MAP (mmHg) 92+− 1 107+− 1 < 0.001

daytime SBP, DBP and MAP in the group with hyper-
tension were significantly higher (P < 0.001), whereas all
other parameters were within the normal range and were
not significantly different between the two groups. In
addition, levels of the BP modulators renin, aldosterone,
ET-1, homocysteine, folic acid and vitamin B12 were not
significantly different between groups.

After treatment with vitamins C + E or placebo
After treatment, the clinical characteristics of the patients
with EH treated with either vitamins C + E or placebo
were within the normal ranges and no significant
differences were observed (Table 2). Patients with EH
treated with vitamins C + E had significantly lower
SBP (Figure 1A), DBP (Figure 1B) and MAP (results
not shown) compared with either the placebo-treated
patients (n = 55) or the patients with EH at baseline prior
to treatment (n = 110).

Antioxidant status and
oxidative-stress-related parameters

Baseline
As described in the Materials and methods section,
normotensive subjects were recruited from a group who
had participated in a previous related study to serve as
a reference group to determine the normal values of the
biochemical parameters studied. Plasma and erythrocyte



Table 2 Effects of treatment with vitamins C + E or placebo
on clinical characteristics in patients with EH
Values are means+− S.E.M. HDL, high-density lipoprotein; LDL, low-density
lipoprotein. *P value was determined using an unpaired Student’s t test.

Patients with EH treated with

Characteristic Placebo Vitamins C+ E P value*

n 55 55
Age (years) 45.6+− 1.5 45.4+− 1.1 0.91
BMI (kg/m2) 25.3+− 0.3 25.6+− 0.7 0.69
Heart rate (beats/min) 72.1+− 1.1 74.4+− 1.7 0.25
Serum glucose (mmol/l) 4.96 +− 0.12 5.16+− 0.16 0.31
Creatinine (µmol/l) 80.1+− 1.2 79.1+− 2.1 0.68
Total cholesterol (mmol/l) 4.64+− 0.18 4.76+− 0.23 0.49
HDL-cholesterol (mmol/l) 1.21+− 0.03 1.18+− 0.02 0.40
LDL-cholesterol (mmol/l) 2.79+− 0.09 2.83+− 0.10 0.76
Serum triacylglycerols (mmol/l) 1.49+− 0.11 1.52+− 0.09 0.83
Renin (pmol/l/ h) 19.1 +− 2.0 22.2+− 2.2 0.30
Aldosterone (nmol/l) 0.25+− 0.01 0.24+− 0.03 0.75
ET-1 (pmol/l) 2.73+− 0.15 2.70+− 0.23 0.91
Homocysteine (µmol/l) 9.30+− 0.39 9.11+− 0.41 0.73
Folic acid (nmol/l) 47.3+− 1.3 45.6+− 1.1 0.32
Vitamin B12 (pmol/l) 221+− 7 231+− 7 0.31

Figure 1 Daytime SBP (A) and DBP (B) in patients with EH
before (open bars) and after (closed bars) treatment with
either vitamins C+ E or placebo
Values are means+− S.E.M., n = 55. Sources of variation were assessed by one-way
ANOVA, followed by Bonferroni’s multiple comparison test as the post-hoc test.
*P < 0.001 compared with basal; †P < 0.001 compared with placebo-treated
patients with EH.

Table 3 Plasma and erythrocyte oxidative-stress-related
parameters in patients with EH and healthy normotensive
subjects
Values are expressed as means+− S.E.M. *P value was determined using an
unpaired Student’s t test.

Normotensive Patients
Parameter subjects with EH P value∗

n 110 110
Plasma

FRAP (µmol/l) 426+− 14 311+− 8 < 0.01
Vitamin C (µmol/l) 44.2 +− 1.7 37.5+− 1.8 < 0.01
Vitamin E (µmol/l) 16.1 +− 1.2 16.4+− 1.1 0.84
8-Isoprostane (pmol/l) 76.7 +− 3.6 105+− 3 < 0.01

Erythrocytes
CAT (k /g of Hb) 290+− 6 220+− 8 < 0.01
SOD (units/g of Hb) 1472+− 21 1157+− 26 < 0.01
GSH-Px (units/g of Hb) 6.11 +− 0.11 5.48+− 0.14 < 0.01
GSH/GSSG ratio 5.98 +− 0.14 5.20+− 0.13 < 0.01
MDA (nmol/g of Hb) 311+− 8 383+− 11 < 0.01

oxidative-stress- and antioxidant-status-related paramet-
ers are shown in Table 3. Patients with EH had a lower
antioxidant status, as plasma FRAP, vitamin C levels and
erythrocyte GSH/GSSG ratios were decreased signific-
antly (P < 0.01) by 27, 15 and 15% respectively (Table 3).
In addition, the activity of CAT, Cu-Zn SOD and GSH-
Px in erythrocytes of patients with hypertension were
24, 21 and 10% lower respectively, than the values in
normotensive subjects (P < 0.01). Furthermore, patients
with EH had increased plasma 8-isoprostane levels (37 %)
and erythrocyte MDA or lipid peroxidation levels (23 %)
compared with the normotensive subjects (P < 0.001).

After treatment with vitamins C + E or placebo
Patients treated with vitamins C + E compared with
either the placebo-treated patients with EH or the pa-
tients with EH at baseline prior to treatment had signific-
antly lower plasma and erythrocytes lipid peroxidation,
as assessed by 8-isoprostane and MDA levels respectively
(Figure 2A). Plasma and erythrocyte antioxidant capacity,
as assessed by FRAP, GSH/GSSH ratio and plasma
vitamin C levels, were significantly higher in patients
with EH treated with vitamins C + E compared with
either the placebo-treated patients with EH (Figure 2B)
or the patients with EH at treatment prior to treatment.
However, no significant differences were observed in
plasma vitamin E concentrations between the two study
groups (Figure 2C). The activity of the antioxidant en-
zymes Cu-Zn SOD, CAT and GSH-Px were higher in the
patients with EH treated with vitamins C + E compared
with either the placebo-treated patients (Figure 3) or the
patients with EH at baseline prior to treatment.



Figure 2 Lipid peroxidation (A) and antioxidant-capacity-related parameters (B and C) in patients with EH before (open
bars) and after (closed bars) treatment with either vitamins C + E or placebo
Values are means+− S.E.M., n = 55. Lipid peroxidation was assessed by plasma 8-isoprostane and erythrocyte malondialdehyde levels (A). Antioxidant-capacity-related
parameters were assessed by (B) the antioxidant capacity of plasma (FRAP) and the erythrocyte GSH/GSSG ratio, and (C) plasma vitamin C and E concentrations. Sources
of variation were assessed by one-way ANOVA, followed by Bonferroni’s multiple comparison test as the post-hoc test. *P < 0.01 compared with basal; †P < 0.01
compared with placebo-treated patients wit EH.

Finally, a negative correlation between the total plasma
antioxidant capacity (i.e. FRAP) and SBP and DBP was
observed in both the placebo-treated and vitamins
C + E-treated groups (Figures 4A and 4C respectively).
Plasma lipid peroxidation levels correlated positively
with SBP and DBP in placebo-treated and vitamins
C + E-treated groups (Figures 4B and 4D respectively).

DISCUSSION

The present study provides evidence showing that
oral administration of vitamins C + E to patients with
mild-to-moderate EH results in a significant decrease in
BP by enhancing their blood antioxidant status.

Previous studies have reported decreased [16], no
change [38–40] or increased [41,42] BP after oral adminis-
tration of antioxidant vitamins. The results of the present
study show a decrease in BP following antioxidant
vitamin administration (Figure 1), and is in agreement
with others using a similar protocol design and vitamin
treatment [16]. This controversy may be due to the fact
that these studies had a lack of consideration of inclusion
criteria for participant selection and the pharmacokinetic
properties of antioxidant vitamins, difficulties in
comparison due to various associations of antioxidants,
the stage of the disease and incomplete information on the
actual oxidative stress status, which should be considered
as a necessary component of the clinical history of
the patients enrolled [20]. Moreover, most previous



Figure 3 Activity of erythrocyte SOD (A), CAT (B) and GSH-
Px (C) in patients with EH before (open bars) and after
(closed bars) treatment with either vitamins C + E or
placebo
Values are means+− S.E.M., n = 55. Sources of variation were assessed by one-way
ANOVA, followed by Bonferroni’s multiple comparison test as the post-hoc test.
*P < 0.001 compared with basal; †P < 0.001 compared with placebo-treated
patients with EH.

studies on the administration of antioxidant vitamins have
focused on the prevention of cardiovascular events as
the end point [43–46], and only a few have examined
their potential antihypertensive effects [40]. In the present
study, patient inclusion criteria were more rigorous
and the confounding effects of other causes likely to
interfere with oxidative-stress/antioxidant-status-related
parameters were avoided.

In contrast, the lack of antihypertensive efficacy
observed in studies using supplementation with vitamin C
alone could be due to the pharmacokinetics of vita-
min C and/or the decreased bioavailability of NO under
conditions of oxidative stress. The antihypertensive
effect of vitamin C is expected to occur at 10 mmol/l, a
plasma concentration unobtainable in humans through
oral administration [47]. However, this concentration is

Figure 4 Pearson correlation of SBP (�) and DBP (�)
with plasma antioxidant capacity (FRAP) and plasma
8-isoprostane levels in patients with EH following treat-
ment with either placebo (A and B) or vitamins C + E
(C and D)



required to compete efficiently with the reaction of NO
with superoxide, due to their high reaction rate constant,
which is even higher than the reaction between SOD
and NO [48]. The lack of a therapeutic antihypertensive
plasma vitamin C concentration via oral administration
may be due to its renal threshold at doses between 60 and
100 mg/day. The steady-state concentration of vitamin C
is attained at approx. 80 µmol/l, and plasma is completely
saturated at daily doses of � 400 mg [49]. Indeed, in our
present study, plasma vitamin C concentrations did not
reach values higher than 70 µmol/l (Figure 2C). Recent
pharmacokinetic modelling indicates that, with oral
administration, even at very large and frequent doses of
vitamin C, plasma concentrations will only be increased
modestly, from 70 µmol/l to a maximum of 220 µmol/l,
whereas intravenous administration increases it as high
as 14 mmol/l [50]. Thus the antihypertensive effect may
only occur in plasma following infusion of high vitamin
C doses. Intra-arterial administration of vitamin C has
been shown to cause a decrease in BP in subjects with
EH [51]. The dosage of vitamin E supplementation used
in the present study was based on previous trials to assess
its clinical effect on the risk of cardiovascular events.
These studies demonstrated that doses higher than 400
IU/day may increase all-cause mortality and should
be avoided [46]. Because of vitamin E distribution in
various lipophilic environments, its plasma levels are not
necessarily associated with its oral dosage [52].

The underlying molecular mechanisms of the anti-
oxidant effects of vitamin C on BP modulation are
as yet unclear. These effects have been shown to be
mediated, in part, by the ability of vitamin C to protect
BH4 (tetrahydrobiopterin), a cofactor necessary for the
increase in the activity of eNOS and thus NO generation
by oxidation [53]. It should be noted that, if eNOS
becomes uncoupled, it results in a form now recognized as
an important source of superoxide rather than NO [54].

The administration of vitamin E alone failed to exert an
antihypertensive effect, but instead it caused an increase in
BP when administered to individuals with Type 2 diabetes
[41]. This may be associated with vitamin-E-induced
oxidative stress and the oxidation of α-tocopherol to α-
tocopheroxyl in a lipophilic environment, particularly in
plasma membranes. Our present results have shown that
there are no significant differences in plasma vitamin E
levels between patients with EH treated with vitamins
C + E compared with either placebo-treated patients with
EH (Figure 2C) or patients with EH at baseline prior to
treatment. This result could be explained by the distribu-
tion of the administered vitamin E, thus indicating that
plasma vitamin E levels are a poor index of its status
[52]. The abundance of PUFAs (polyunsaturated fatty
acids) in biological membranes, which are particularly
sensitive to damage by oxidative stress, account for the
increase in lipid peroxidation, probably resulting from
either ROS and/or α-tocopheroxyl. Vitamin C may

reduce the α-tocopheroxyl radical, thereby abrogating
lipid peroxidation [53]. The association of vitamins C and
E used in the present study, as well as in others [16], has an
antihypertensive effect, probably due to the fact that this
combined therapy is expected to provide a reinforcement
of their individual properties through a complementary
effect in improving endothelial dysfunction [55]. Both
vitamins C and E not only behave as scavengers of
ROS, but also are able to induce the down-regulation
of NADPH oxidase and the up-regulation of eNOS [56],
thereby supporting further their antihypertensive effect.

The increased oxidative stress and decreased antiox-
idant capacity found in patients with EH at baseline
compared with normotensive subjects is in agreement
with previous studies [57,58]. However, Cracowski
et al. [59] found no significant differences in urinary 8-
isoprostane levels between normotensives and patients
with never-treated mild-to-moderate EH, at least in the
early stages of the disease. This controversy may be
explained by the patient inclusion criteria, which did not
consider the influence of factors such as physical activity,
previous and/or current antioxidant supplementation,
high consumption of fruits and vegetables and/or intake
of non-antihypertensive (e.g. statins) medication, all
potential confounders of oxidative stress status. The
present study did consider these factors in order to obtain
a rigorously selected sample of patients to specifically
examine the effects of antioxidant vitamins on BP. The
results of the present study have shown a significant de-
crease in SBP, DBP and MAP following supplementation
with vitamins C + E in patients with EH compared with
either placebo-treated patients with EH (Figure 1) or the
patients with EH at baseline, which is in agreement with
other studies [16,60]. The slight decrease in BP induced by
antioxidant vitamin administration was expected due to
the mild-to-moderate baseline BP levels included in the
protocol. These changes are associated with a decrease
in lipid peroxidation parameters, plasma 8-isoprostane
and erythrocyte MDA (Figure 2A), but not with changes
in plasma concentration of BP modulators, including
renin, aldosterone, ET-1 and homocysteine (Table 2). In
addition, an improvement in antioxidant status is shown
by the increase in FRAP levels and the GSH/GSSG
ratio (Figure 2B), and increased activity of antioxidant
enzymes in erythrocytes (Figure 3). Moreover, the strong
association of plasma 8-isoprostane and FRAP levels
with SBP and DBP (Figure 4), together with the results
mentioned above, is consistent with the involvement
of oxidative stress in the mechanism of EH. To our
knowledge, the present study is the first to report this as-
sociation following antioxidant vitamin supplementation
to patients with EH and is in agreement with previous
studies in non-treated subjects with hypertension
[58,61,62]. In contrast, a lack of an association between
oxidative stress and BP was reported by Plantinga et al.
[39], even though they used the same doses and time



of exposure to supplementation with vitamins C + E;
however, these authors used a cross-over study design.
In addition, these authors did not consider the possible
influence of other BP modulators that may contribute to
the regulation of BP, in contrast with the present study.

In support of the working hypothesis of the present
study, it has been shown recently that antioxidant supple-
mentation, including 10 mmol/l l-ascorbate, attenuated
reflex cutaneous vasodilation in subjects with hyperten-
sion, but not in normotensive subjects [63]. Although that
study did not assess the effects of supplementation with
vitamins C + E on BP or oxidative stress in normotensive
subjects, it should be noted that previous studies using
similar doses of vitamin C and/or vitamin E have demon-
strated that this supplementation did not reduce either
BP [16,64] or oxidative stress [65] in healthy subjects.

In summary, the results reported in the present
study show for the first time a specific association
between oxidative-stress-related parameters and BP,
thus suggesting the role of oxidative stress in the
pathogenesis of EH. Moreover, the concomitant decrease
in BP and oxidative stress raises the possibility that
oxidative stress may be considered as a therapeutic target
against the development of hypertension. Therefore oral
administration of vitamins C + E in patients with EH is
suggested as an adjunct therapy for hypertension.
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