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Abstract 
BACKGROUND:  Few studies that have investigated hypertension have considered a state of oxidative stress that can con-
tribute to the development of atherosclerosis and other hypertension induced organ damage. The aim of this study was 
to investigate whether pre-hypertension and hypertension status is associated with activities of erythrocyte antioxidant 
enzymes in a random sample of cardiovascular disease-free women. 

METHODS:  In this case-control study, 53 pre-hypertensive women, 32 hypertensive women and 75 healthy controls 
were included. General information was gathered using questionnaires and face-to-face interviews. Blood pressure and 
anthropometric measurements were measured for each subject. Venous blood samples were drawn from subjects and 
plasma was separated. Activities of erythrocyte antioxidant enzymes were also evaluated by measuring activities of 
copper zinc-superoxide dismutase (CuZn-SOD), glutathione peroxidase (GPX) and catalase (CAT) in selected subjects. 

RESULTS: Fifty-three (33.1%) and 32 (20%) participants were pre-hypertensive and hypertensive, respectively. The hy-
pertensive and pre-hypertensive women had lower CuZn-SOD (p < 0.001) and GPX (p < 0.01) activities compared to 
normotensives. Furthermore, hypertensive women had lower CAT activity compared to pre-hypertensive and nor-
motensive women (p < 0.001). Moreover, significant differences were also observed between hypertensive and pre-
hypertensive women in erythrocyte CAT activity (p < 0.01). 

CONCLUSIONS: The present findings show that activities of erythrocyte antioxidant enzymes decrease in pre-
hypertensive and hypertensive women, which may eventually lead to atherosclerosis and other high blood pressure re-
lated health problems. 
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ypertension is a common health prob-
lem in developed countries.1 Un-
treated high blood pressure leads to 

many degenerative diseases, including heart 
failure, renal disease and coronary heart dis-
ease.2 
 Several theories have been tested to explain 
how elevated blood pressure might confer the 
increased risk of cardiovascular disease (CVD). 
For example, inflammation of arterial wall, en-
dothelial dysfunction and increased lipid per-

oxidation (as marker of oxidative stress) have 
been implicated in hypertension.2-4 
 Based on recent report of the Seventh Re-
port of the Joint National Committee on Pre-
vention, Detection, Evaluation and Treatment 
of High Blood Pressure (JNC VII), individuals 
who had systolic blood pressure between 120 
and 139 mmHg or diastolic blood pressure be-
tween 80 and 89 mmHg are categorized as pre-
hypertensive.5 In other words, this is the group 
at high risk for developing essential hyperten-
sion and CVD. 

H 
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 Some clinical studies have shown increased 
reactive oxygen species (ROS) production in 
hypertension.6 These ROS are formed via leak-
age from the mitochondrial electron transport 
chain in all cells during normal aerobic me-
tabolism.7 Several antioxidant enzymes such as 
copper zinc superoxide dismutase (CuZn-
SOD), glutathione peroxidase (GPX) and cata-
lase (CAT) have been reported which have the 
ability of detoxification of ROS including su-
peroxide anion (O2–) and hydrogen peroxide 
(H2O2).8 
 There is growing evidence that oxidative 
stress contributes to the pathogenesis of hyper-
tension, but the mechanisms contributing to 
increased free radical production in hyperten-
sion are not well understood. In a previous 
study by the present group, it was observed 
that oxidative stress by-products increase in 
pre-hypertension and hypertension status.9 
 Some studies have shown that an increase 
in the activity of pro-oxidant enzymes, mainly 
NADPH oxidase, has been implicated in the 
high level of ROS in several cellular models of 
hypertensive subjects.10,11 
 On the other hand, decreased activities of 
antioxidant enzymes, including CuZn-SOD, 
GPX and CAT may also contribute to oxidative 
stress. However, the importance of abnormali-
ties in antioxidant mechanisms has been 
largely neglected, and whether or not the anti-
oxidant enzymes activities decrease in pre-
hypertension has not been established. There-
fore, the objective of this study was to deter-
mine whether or not the high oxidative stress 
levels observed in hypertensive subjects is in 
part dependent on defective erythrocyte anti-
oxidant enzyme activities. 
 In the present study, the activities of main 
antioxidant enzymes, CuZn-SOD, GPX and 
CAT in erythrocytes of pre-hypertensive and 
hypertensive women were analyzed. Perhaps, 
findings of this study could cast some light on 
the mechanism underlying the increased risk 
of cardiovascular diseases in subjects with pre-
hypertensive and hypertensive blood pressure 
levels. 

Methods 
The subjects selected for this study were re-
cruited from women receiving the services of 
rural health centers of Kerman Province, Iran. 
In this study, 160 women of 20-45 years old 
were randomly selected. The including criteria 
were: 1) not being pregnant and lactating, 2) 
not having any kind of cancer, cardiovascular, 
diabetes, renal and liver diseases, and 3) not 
taking any vitamin or mineral supplements. 
 All participants were informed about the 
aims and procedure of the study and signed 
written consent. General data were gathered 
from samples using questionnaires and face-to-
face interviews. Data collecting form included 
demographic characteristics (age, number of 
pregnancies and education), and detailed 
medical history and lifestyle habits, such as 
smoking status and physical activity. Physical 
activity was classified as active if subjects re-
ported "moving, walking and working ener-
getically and participating in vigorous exer-
cise"; otherwise, they were classified as inac-
tive. 
 Body weight was measured while the sub-
jects were wearing light clothing without shoes 
to the nearest 0.1 Kg. Height was measured to 
the nearest 0.5 cm, without shoes in standing 
position. Body mass index (BMI) was calcu-
lated as weight (in kilogram) divided by height 
(in meters-squared). In the current study, gen-
eral obesity was defined as BMI ≥ 30 kg/m2.12 
Waist circumferences (cm) were measured to 
the nearest 0.1 cm using an unstretched tape 
measure. The waist-to-hip ratio was then cal-
culated. Waist circumference (WC) greater 
than 88 cm was considered an indicator of ab-
dominal obesity.13 
 Arterial blood pressure (BP) was measured 
with a mercury sphygmomanometer. All sub-
jects were at least 15 minute at rest in a quiet 
environment. Blood pressure measurements 
were taken at the right arm relaxed and well 
supported by a table, with an angle 45° from 
the trunk. Systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) were averaged 
by using three readings measured at 5 minute
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intervals. Differences of < 5 mmHg were al-
lowed. Study participants were divided into 
three groups according to their average SBP 
and DBP levels. Subjects whose average BP 
levels were greater or equal to 140 mmHg/90 
mmHg or were under antihypertensive medi-
cation or physician has told them that they 
have hypertension but they were untreated 
were classified as hypertensive. Participants 
who had mean systolic/diastolic blood pres-
sures within the range of 120-139 mmHg/80-89 
mmHg and they had never been told that they 
have high BP levels are defined as pre-
hypertensive as it has recently suggested by 
the Seventh Report of the Joint National Com-
mittee on the Prevention Detection, Evalua-
tion, and Treatment of High Blood Pressure 
(JNC VII).5 Fifty-three women were recruited 
as a pre-hypertensive group and 75 healthy, 
normotensive women were selected as a con-
trol group. Thirty-two women were also re-
cruited as hypertensive group. 
 A validated food-frequency questionnaire 
(FFQ) was used for assessing usual dietary in-
takes.14 A trained dietitian administered all 
questionnaires. Participants reported their fre-
quency of consumption of a given serving of 
each food item during the previous year on a 
daily, weekly, or monthly basis. For analysis, 
daily intake of all food items from FFQ was 
computed and then consumed foods were con-
verted to grams using household measures. 
The Food Processor® Program (Version 2) was 
used to analyze the data from the FFQ. 
 Non-fasting blood samples were obtained 
from median cubital vein between 8.00 and 
12.00 A.M. and collected into standard tubes 
containing ethylene diamine tetra acetic acid 
(EDTA). Blood samples centrifuged at 3000 
rpm for 15 minutes at 4ºC and plasma was 
separated. The buffy coat was removed and 
remaining erythrocytes were washed three 
times in cold salin (9.0 g/l NaCl) and hemo-
lysed by the addition of an equal volume of 
ice-cold demineralized ultrapure water. Sub-
jects' hemolysates were stored in -70ºC until 
analysis. 

 In order to express the enzymes' activities 
per gram hemoglobin (Hb), Hb concentration 
was measured in the hemolysates with a stan-
dard kit (Zist chemistry Laboratories, Iran) us-
ing the cyanmethemoglobin method (Drabkin's 
method). 
 Catalase activity was determined by 
method of Hugo Aebi.15 Activity of CAT was 
determined by following the decomposition of 
H2O2 in phosphate buffer pH 7.2 spectropho-
tometrically at 230 nm. 
 Glutathione peroxidase (GPX) activity was 
measured according to Paglia and Valentine 
method.16 Measurement of copper zinc-
superoxide dismutase (CuZn-SOD) activity 
was performed by Ransod kit (Randox Labora-
tories, cat. no.SD-125). 
 Continuous variables are presented as mean 
± standard deviation, while categorical vari-
ables are presented as absolute and relative 
frequencies. Kolmogorov-Smirnov test was 
performed to test their normal distribution. 
Differences between study groups were com-
pared by one-way analysis of variance 
(ANOVA) for continuous data and the Chi 
square for categorical data. Post hoc compari-
sons were performed with Tukey test. 
 Correlations between normally distributed 
continuous variables were evaluated by the 
calculation of Pearson's correlation coefficients. 
Furthermore, multivariate adjusted means of 
enzyme activities were computed using analy-
sis of covariance (ANCOVA) in 3 different 
models. The first model adjusted for age (y). It 
was further adjusted for physical activity (yes 
or no), number of pregnancies and energy in-
take (kcal) in the 2nd model. In the 3rd model, 
BMI and WC were controlled. 
 Multiple linear regression analysis was ap-
plied to evaluate the association between anti-
oxidant enzyme activities with hypertension 
status of the participants, after controlling for 
various potential confounders. Also the ad-
justed R2 was calculated in order to find how 
well each fitted model predicted the depend-
ent variables. A value of p < 0.05 was consid-
ered to be statistically significant. 
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Results 
Fifty three (33.1%) and thirty two (20%) par-
ticipants were pre-hypertensive and hyperten-
sive, respectively. characteristics of the study 
participants by blood pressure status are 
shown in table 1. Age- and energy-adjusted 
means for dietary variables are also presented 
in this table. Compared with pre-hypertensive 
and hypertensive women, individuals in nor-
motensive group were younger (p = 0.001). 
Additionally, the prevalence of general and 
abdominal obesity were higher in hypertensive 
and pre-hypertensive participants (p = 0.002). 
 Erythrocyte CuZn-SOD activity was in-
versely correlated with age (r = -0.218, p < 
0.01), BMI (r = -0.325, p < 0.01), SBP (r = -0.279, 
p < 0.01) and DBP(r = -0.295, p < 0.01). Fur-
thermore, erythrocyte GPX activity was in-
versely correlated with BMI (r = -0.426, p < 
0.001), WC (r = -0.312, p < 0.001) and DBP (r = -
0.376, p < 0.001). Regarding erythrocyte CAT 
activity, it was found that it is inversely corre-
lated with SBP (r = -0.243, p < 0.01) and DBP (r 
= -0.318, p < 0.001). Because erythrocyte anti-
oxidant enzyme activities correlated with age, 
BMI and WC, thus, all further analyses were 
adjusted for these confounders. Multivariate-

adjusted means for antioxidant enzyme activi-
ties by blood pressure status are presented in 
table 2. After controlling age, the hypertensive 
and pre-hypertensive women had lower 
CuZn-SOD and GPX activities compared to 
normotensives. Furthermore, hypertensive 
women had lower CAT activity compared to 
pre-hypertensive and normotensive women. 
Moreover, significant differences were also ob-
served between hypertensive and pre-
hypertensive women in erythrocyte CAT activ-
ity. These associations remained significant 
even after additional control for other con-
founders. However, adjustment for BMI and 
WC attenuated all associations. 
 The results of multiple linear regression 
models, which included antioxidant enzyme 
activities as dependent and hypertension 
status as independent variables, are shown in 
table 3. It was observed that the aforemen-
tioned relationships remained significant even 
after adjusting for the previous characteristics 
of the participants (Table 3). Therefore, eryth-
rocyte antioxidant enzyme activities were in-
dependently associated with hypertension 
status. 
 

 

Table 1. Characteristics and dietary intakes of the participants by blood pressure status  

Variables 
Normotensive 

(n = 75) 
Pre-hypertensive 

(n = 53) 
Hypertensive 

(n = 32) 
P value† 

Age (years) 31 ± 11 36 ± 12 42 ± 3*  0.001 

Education status (years of school) 7 ± 4 7 ± 3 6 ± 3 0.321 

Physical inactivity (%) 48 47 51 0.247 
Body mass index (Kg/m2) 24 ± 4 26 ± 5*  29 ± 4** 0.001 
Obesity (%) 9 12* 16**  0.002 
Waist-to hip ratio 0.74 ± 0.06 0.82 ± 0.08 0.91 ± 0.07*  0.03 
Abdominal obesity (%) 11 14*  19*  0.002 
Number of pregnancies 3.4 ± 2.1 3.8 ± 3.1 4.2 ± 3.7*  0.031 
Dietary intakes:     
Total energy (kcal/day) 2078 ± 241 2116 ± 341 2287 ± 357 0.453 
Carbohydrate (% total energy) 54.6 ± 4.1 53.7 ± 3.5 54.6 ± 5.4 0.367 
Protein (% total energy) 14 ± 3.7 13 ± 4.1 14 ± 3.6 0.264 
Fat (% total energy) 31 ± 3.4 32 ± 3.9 34 ± 34.3 0.358 
† P value derived from one-way ANOVA that used to evaluate differences in the investigated variables and blood 
pressure 
*  P < 0.05 from the post hoc comparisons (Tukey test) of the investigated variables between pre-hypertensive or 
hypertensive subjects compared to normotensive  
**  P < 0.01 from the post hoc comparisons (Tukey test) of the investigated variables between pre-hypertensive or 
hypertensive subjects compared to normotensive 
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Table 2. Multivariate adjusted means for antioxidant enzyme activities of the participants by 
blood pressure status † 

Enzyme activities Normotensive (n = 75) Pre-hypertensive (n = 53) Hypertensive (n = 32) P value†† 

CuZn-SOD (U/gHb):     
Model I‡ 962 ± 86 621 ± 71*  547 ± 62*  < 0.001 
Model II‡‡ 976 ± 71 618 ± 59*  552 ± 58*  < 0.001 
Model III‡‡‡ 982 ± 76 674 ± 61**  586 ± 51**  < 0.01 
GPX (U/gHb):     
Model I 128.2 ± 56.4 74.7 ± 41.8**  72.8 ± 46.6**  < 0.01 
Model II 131.5 ± 49.3 112.4 ± 36.7 69.3 ± 39.8**  < 0.01 
Model III 136. ± 52.1 116.2 ± 41.3 76.3 ± 36.4**  < 0.05 
CAT (K/gHb):      
Model I 367.6 ± 52.6 326.6 ± 48.6***  164.8 ± 40.2*  < 0.001 
Model II 374.3 ± 49.7 331.2 ± 51.7***  198.1 ± 46.8*  < 0.001 
Model III 378.2 ± 56.1 269.4 ± 45.6 236.6 ± 42.7**  < 0.01 
† Data are means ± SD 
† †P-values are based on analysis of covariance (ANCOVA) 
‡ Model I, Adjusted for age 
‡ ‡Model II, Adjusted for physical activity (yes or no), number of pregnancies and energy intake (kcal) 
‡‡‡Model III, Additionally adjusted for BMI and WC 
* p<0.01 and ** p<0.001 from the post hoc comparisons (Tukey test) between pre-hypertensive or hypertensive vs normotensive 
participants 
*** p<0.01 from the post hoc comparisons (Tukey test) between pre-hypertensive and hypertensive participants 

 

Table 3. Results from multiple linear regression analysis that evaluated the association 
between antioxidant enzyme activities (dependent) and hypertension status (independent), 
after controlling for various potential confounders 

Model for Beta-coefficient ± S.E. P value 
CuZn-SOD activity:   
Constant of the model 52 ± 3  
Pre-hypertension vs. normal -8.3 ± 2.6 0.04 
Hypertension vs. normal -12.7 ± 3.8 0.03 
Age (year) -0.62 ± 0.12 0.01 
Physical activity (yes vs. no) 0.29 ± 0.06 N.S* 
Number of pregnancies -2.1 ± 0.8 N.S 
Body mass index (Kg/m2) -3.6 ± 1.2 0.005 
Waist-to hip ratio -2.6 ± 0.4 0.002 
Adjusted R2 with/without hypertension status 9.4%/7.3%  
GPX activity:   
Constant of the model 76 ± 13  
Pre-hypertension vs. normal -12.8 ± 4.2 0.02 
Hypertension vs. normal -14.6 ± 5.2 0.004 
Age (year) -0.32 ± 0.06 N.S 
Physical activity (yes vs. no) 3.8 ± 0.2 N.S 
Number of pregnancies -0.72 ± 0.06 N.S 
Body mass index (Kg/m2) -1.54 ± 0.2 0.003 
Waist-to hip ratio -2.32 ± 0.4 0.001 
Adjusted R2 with/without hypertension status 8.7%/10.4%  
CAT activity:   
Constant of the model 64 ± 8  
Pre-hypertension vs. normal -14.6 ± 6.4 0.005 
Hypertension vs. normal -17.3 ± 6.6 0.001 
Age (year) 0.54 ± 0.07 N.S 
Physical activity (yes vs. no) 4.6 ± 0.4 N.S 
Number of pregnancies -0.52 ± 0.08 N.S 
Body mass index (Kg/m2) 2.68 ± 1.3 N.S 
Waist-to hip ratio 3.46 ± 0.54 N.S 
Adjusted R2 with/without hypertension status 10.2%/8.7%  
* Non-significant 
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Discussion 
This study reveals the decreased activity of 
main antioxidant enzymes in pre-hypertensive 
and hypertensive women, without any clinical 
evidence of cardiovascular disease. A consis-
tent relationship between hypertension status 
and antioxidant enzyme activities, after adjust-
ing various potential confounders was found 
particularly. The findings support the hy-
pothesis that pre-hypertensive and hyperten-
sive subjects are under decreased activity of 
antioxidant enzymes. 
 Oxidative stress seems to play an important 
role in the pathophysiology of essential hyper-
tension,17 other than hypertension induced or-
gan damage.18 In one of the previous studies 
by the present group,9 it was also shown that 
pre-hypertensive women had higher oxidative 
stress and lower total antioxidant capacity 
(TAC) compared to normotensives. Increased 
production of free radicals and the declining 
activity of the antioxidant defense system are 
two possible factors which may lead to in-
creased oxidative stress. 
 Antioxidant enzymes are the major defense 
system of cells in normal aerobic reactions,19 
and erythrocytes are equipped with a highly 
effective antioxidant defense system.20 Al-
though, previous studies have investigated the 
antioxidant enzyme activities in hyperten-
sion,21,22 but to our knowledge, no previous 
study has investigated the activities of these 
enzymes in pre-hypertension. In present study, 
the lower enzymatic activity of CuZn-SOD in 
hypertensive and pre-hypertensive women 
compared to normatensives was found. Re-
ported SOD activity in plasma,23 as well as in 
erythrocytes 20 and mononuclear cells 24 was 
significantly lower in hypertensive subjects. 
 Numerous studies have been done on rela-
tionship between hypertension and activity of 
antioxidant enzymes but due to the conflicting 
results, the question of whether hypertension 
or oxidative stress is the primary event is still a 
matter of debate. 
 Moreover, it is uncertain whether the reduc-
tion of antioxidant enzyme activities in pre-

hypertension is due to decreased enzymes ac-
tivity by increasing oxidative stress or not. 
However, it has been reported that damage of 
proteins increased in patients with essential 
hypertension.23 The consequences of such oxi-
dative protein damage in high blood pressure 
status may be impaired enzymatic activity. 
However, since oxidative protein damage was 
not assessed in the present subjects; it is un-
known whether this process was increased in 
the borderline blood pressure level (pre-
hypertension). However impaired CuZn-SOD 
activity, the first line of defense against ROS in 
vascular wall,25 has been reported in increased 
oxidative stress.26 In addition to the decrease of 
CuZn-SOD activity (as first line of defense 
against ROS), production of superoxide anion 
elevated in hypertension due to increased acti-
vation of NADH or NADPH oxidase.27 Thus, 
suppose that in such conditions excess of su-
peroxide anion escape antioxidant defense and 
contribute to decreased nitrite oxide (NO) 
bioavailability and consequent endothelial 
dysfunction, already documented in high 
blood pressure.28 Although, by evaluating the 
erythrocyte CuZn-SOD activity in this study, 
only a limited part of total vascular SOD was 
estimated, and it is believed that the lower ac-
tivities observed in pre-hypertensive and hy-
pertensive women are still representative of 
the situation in vascular wall. 
 Interestingly, the pattern of changes ob-
served in erythrocyte GPX activity in study 
groups resembles that of CuZn-SOD (Table 2). 
In accordance with the present findings, lower 
GPX activity has been reported in hyperten-
sion by previous studies.21,22 Inversely, Simic et 
al reported increased plasma GPX activity in 
patients with essential hypertension.23 These 
controversial findings observed between the 
present results and Simic et al study are not 
unexpected, as one is active in plasma and 
other in erythrocytes. However, these contro-
versial findings may be partially due to differ-
ences in stage of hypertension, laboratory 
methods used and/or sample size. Although 
the data on regulation erythrocyte GPX activi-
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ties are still lacking, it is supposed that de-
creased erythrocyte GPX activities may be due 
more sensitively to being damaged by oxida-
tive stress. If this is coupled with an increase in 
ROS-generating process, the consequence is a 
deep redox disturbance. 
 Interestingly, erythrocyte CAT activities are 
decreased in a manner which parallels the se-
verity of hypertension as measured by blood 
pressure. The negative relationship which was 
observed in the present study between CAT 
activity and blood pressure indicators (SBP 
and DBP) was confirmed this finding. More-
over, elevated plasma hydrogen peroxide, a 
major CAT substrate, has also been reported in 
hypertensive subjects.27 If this ROS is not scav-
enged, it may lead to lipid peroxidation in ar-
terial wall, which correlated with increased 
blood pressure.27 Furthermore, a marked de-
creased in plasma CAT activity has been re-
ported in hypertensive subjects.21,23 Since, the 
majority of plasma CAT is released from eryth-
rocytes,29 therefore decreased plasma CAT 
might be partially linked to a decrease in 
erythrocyte CAT. Although, intracellular CAT 
is very important for scavenging of hydrogen 
peroxide, the precise mechanisms underlying 
the affect and its activity is not yet fully clari-
fied. 
 In the present study, the negative correla-
tion between erythrocyte antioxidant enzyme 
activities with pre-hypertension status, as well 
as with age and BMI was observed. The obser-
vations of Rao et al 30 and Ji et al 31 confirm the 
present findings. These investigators have re-
ported the prominent risk factors associated 
with cardiovascular disease (like obesity and 
increased age) inversely correlated with anti-
oxidant enzyme activities in the kidney, brain 
and heart. Therefore, some cardiovascular re-
lated factors such as obesity and aging might 
have a significant impact between oxidation 
process and pre-hypertension status. Surpris-

ingly, it was also found that even slightly ele-
vated blood pressure, in the pre-hypertension 
stage are associated with significant lower an-
tioxidant enzyme activities, independently of 
the coexistence of other atherogenic risk fac-
tors. 
 The present study may have some limita-
tions in data gathering like all cross-sectional 
studies. First, as with all observational studies, 
these results could be biased by unrecognized 
confounders. Second, the cross-sectional study 
does not allow us to conclude causal relation-
ships. Third, couldn't assess nutrient intakes 
(including vitamins and minerals) of partici-
pants. Other limitations of this study were the 
limited number of subjects, and the fact that 
only women were included in the analysis. 

Conclusions 
In conclusion, activities of erythrocyte antioxi-
dant enzyme in pre-hypertensive and hyper-
tensive women were studied and their activi-
ties were compared with normotensive sub-
jects, independently of other coexisting risk 
factors or unhealthy lifestyle behaviors. 
 The present study provides further evi-
dence suggesting that the high blood pressure 
leads to decreased antioxidant enzyme activi-
ties, which in turn, may contribute to oxidative 
stress related diseases like atherosclerosis and 
cardiovascular disease. Further studies are 
necessary to delineate the factors involved in 
the disturbed regulation of the erythrocyte an-
tioxidant enzyme activities in these levels of 
blood pressure. 
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