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Abstract

Objectives: The aim of this research was to study the influence of consuming ascorbic acid during high -intensity endurance train-
ing on catalase (CAT), nitric oxide (NO) concentration, and blood pressure (BP) in hypertensive male.
Methods: 36 hypertensive male voluntary participated in the present study and randomly assigned into endurance training-
ascorbic acid (HTC; n = 9), endurance training-placebo (HTP; n = 9), ascorbic acid (AA; n = 9) and control (n = 9). The exercise protocol
was including continuous running exercise training with gradually increasing of duration and intensity, 3 times a week for 10 weeks.
The supplement groups consumed daily 500 mg of ascorbic acid, and the placebo group consumed the same amount of maltodex-
trin. Fasting blood samples was gathered before the beginning exercise protocol and one day after last session for analyzing CAT
and NO.
Results: Results showed that activity of CAT and NO concentration were significantly increased only in the HTC and HTP (P≤ 0.05).
Also, in the HTP and HTC, a significant decrease observed in the systolic and diastolic (P ≤ 0.05). Nevertheless, there was no signifi-
cant difference between HTC and HTP in SBP and DBP (P > 0.05).
Conclusions: Finally, we concluded that, continuous running exercise training has positive effect on the catalase and oxide nitric
activity, and can improve blood pressure in the hypertensive men. Anyway, combined the high -intensity aerobic training with
ascorbic acid may have not more efficacy.
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1. Background

Nowadays, hypertension is the main threatening fac-
tor for mortality and disability in the worldwide (1). In-
deed, it is the most common risk factors of cardiovascular
disease that lead to heart attack, heart failure, kidney dis-
eases, and vascular dysfunction (2). The major function of
endothelial cells is impaired, whereby the resistance of the
wall of blood vessels against blood flow increases (3). In hy-
pertension progression various factors are involved hyper-
tension progression including; genetic factors, improper
diet, obesity, inflammation, and increased free radical, and
oxidative stress status (4).

The importance of reactive oxygen species in the func-
tion of vessels and development of hypertension has re-
cently attracted a great deal of attention (4).

It has been reported that patients with hypertension
may produce large amounts of reactive oxygen species (5)
and have abnormal antioxidant levels (6). In a hands, some

biochemical agent role such as nitric oxide (NO) in blood
vessel function is very important (7). It has been reported
that NO plays a significant role in blood pressure regula-
tion, whose course of production is impaired due to in-
creased oxidative stress (8). NO is a free radical produced
from endothelium of vessels in response to the physiolog-
ical and mechanical stimulation (9). It plays significant
roles in many physiological and pathological functions of
biological systems. Therefore, NO is a free radical which po-
tentially acts as an endogenous factor which can relax the
endothelium (9). Therefore, any disorders in the produc-
tion or in its bioavailability or its signaling pathway result
in different diseases such as hypertension, atherosclerosis,
and vascular disorders (10).

In addition, some enzyme antioxidant such as catalase
(CAT) is crucial in improving disease processes and pre-
venting oxidation damage by free radicals (11). It has been
reported that CAT can reduce H2O2 to H2O and O2, where
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special control of H2O2 in the kidneys can be a suitable
therapeutic method for hypertension (12).

Exercise training is considered a non-pharmacological
method to reducing hypertension. In this regard, it has
been reported that aerobic exercises training (AET) is bet-
ter than that of other exercises to reduce and control hy-
pertension (13). Hakimi et al. (2018) reported that aero-
bic exercises resulting in improved systolic and diastolic
blood pressure in hypertension subjects (13). Beside these,
healthy diet and nutrition is another important factor
which can be effective in improving and decreasing blood
pressure (14). In this regard, the role of vitamin supple-
ments antioxidant such as ascorbic acid has been indi-
cated (15). Therefore, it is expected that combining physi-
cal training such as aerobic exercises training with ascor-
bic acid supplement should yield a better effectiveness for
hypertension. More interestingly, if this effectiveness is
examined in hypertension patients with a mechanism ap-
proach, it can be more practical.

2. Objectives

The present study was conducted with the aim of in-
vestigating the effect of 10 weeks of continuous running
exercise training and ascorbic acid supplementation on
changes in catalase enzyme, nitric oxide, and blood pres-
sure in hypertension male.

3. Methods

3.1. Design Research

The present study is semi quasi-experimental study,
performed as double-blind randomized clinical trial and
controlled with placebo, at pretest and posttest design
with control group. The statistical population of this re-
search consisted of middle-aged men within the age range
of 30 - 45 yrs. with hypertension who had referred to
the hospital in west Azarbayjan center. 40 hypertension
men were and randomly assigned into endurance training
with ascorbic acid (HTC; n = 10), endurance training with
placebo (HTP; n = 9), ascorbic acid (AA; n = 9) and control
(n = 9).

3.2. Subjects

After the call and announcement in healthcare centers
and having contacted those who had referred to the hos-
pitals across the city, 62 men announced their readiness to
participate in the research. Finally, 36 male who met the

inclusion criteria were participate in the study. The inclu-
sion criteria of the participants was: no experience exercise
training, age range of 30 - 40 years, no smoking, and sys-
tolic and diastolic blood pressure > 120 and 80 mmHg, re-
spectively any diseases such as circulatory, pulmonary, gas-
trointestinal disorders, metabolic, and taking reducing hy-
pertension drugs during the research, plus irregular pres-
ence in the exercise course constituted the exclusion crite-
ria of the participants.

One week before beginning the exercises in a brief-
ing session, all programs, advantages, and possible risks,
as well as the method of performing the aerobic exercise
training were explained completely to the subjects. Dur-
ing the implementation of the exercise training, each par-
ticipant was checkup by medical practitioner. The partic-
ipants were told that at any stage of the exercise they can
quit the course in case they no longer wanted to cooperate.
Finally, all participants signed the informed contentment
document and notified their preparedness to take part in
the study voluntarily. This study approved by MUK (ethi-
cal code: IR.MUK.REC.1397.5018) and registered in the Ira-
nian Registry of Clinical Trials (IRCT20191225045892N1). All
participants were informed of the study procedures and
included in the study after completing informed consent
forms. It is noteworthy that the required medical care was
taken into account during blood sampling and exercise.

3.3. Anthropometric and Functional Measurements

To measure the anthropometric indicators such as the
subject’s weight, scale (Seca, Mod 220, Germany) with the
precision of 0.1 kg was used. Further, to measure height,
wall stadiometer (Kaveh, Mod 44440, Iran) was employed.
In order to determine the body mass index (BMI) of the sub-
jects, the following formula was used: weight (kg)/height
(m2) (16). Further, systolic and diastolic blood pressure
were measured twice in a resting position by a cuff blood
pressure monitor (Andon KD-5917, PRC). Mean values were
recorded as systolic and diastolic blood pressures.

3.4. Continuous Running Exercise Training

The protocol of continuous running exercise training
consist of 10 weeks of endurance exercises training, in
three nonconsecutive session per week. The program of
the endurance exercise training included running for of
progressive intensity in a gym, where during the start the
week, the session length was twenty min, which was per-
formed at the 70 - 80% MHR intensity. As the cardiovascular
fitness of the subjects improved, and the intensity of exer-
cise and duration of running also gradually increased. It
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continued until the intensity of exercise in the last week
reached 80% of the MHR, and the exercise session reached
45 minute (17). At the start of sessions, the subjects per-
formed ten min of warming up, and after exercise train-
ing, they cooled down for 5 min. The maximum heart rate
of the subjects was calculated using the following formula
to determine the intensity of the endurance training (18):
Maximum heart rate = (Age × 0.7) - 208. During exercises
training session, the intensity and number of heart rate
was controlled by a pulse meter (polar, China).

3.5. Ascorbic Acid Supplementation and Diet Control

The HTC and AA consumed 500 mg of ascorbic acid
(Shahrdaru, Iran) daily basis as a capsule, in the morning
and after (19). Note that to supply the supplement, ascorbic
acid tablets should be placed in capsules. In a similar way,
inside the same capsules, sugar was embedded and used as
placebo. It should been mentioned that taking of ascorbic
acid and placebo in the intervention groups was double-
blind.

3.6. Blood Collection for Biochemical Analysis

The blood samples were gathered at pre and post exer-
cise training period. In the pretest phase, one day before
starting the training program and after 10 hours of fasting,
five mL the blood sample was taken at 8 - 10 a.m. by the
technician from the antecubital vein of the right hand in
a sitting position, and after 5 min of rest. Also, 72 hr. inter-
val with last training session, exactly similar to the pretest
phase, after 10 hours of fasting at 8 - 10 a.m., 5 mL blood sam-
pling was gathered. Next, the samples were directly trans-
ferred to laboratory for analyzing. To separate the serum,
centrifugation of blood samples was performed at 2500 -
2700 rpm for 5 - 10 min.

The serum level of NO was measured by human kits
(R&D Systems Co., USA) using the enzyme-linked im-
munosorbent assay (ELISA) method (Pishtazteb). The NO
kit had a measurement range of 3.12 - 200µmol/L and sensi-
tivity of 0.78µmol/L. Further, the factors of intra-assay and
inter-assay changes of this kit were less than 12 and 10%, re-
spectively. Also, the serum level of CAT was measured by
human kits (Zellbio Co., Germany) through ELISA method
by ELISA-reader device (Pishtazteb) at the wavelength of
450 nm. The catalase kit had a measurement range of 1
- 100 U/mL and sensitivity of 0.5 U/mL. Finally, the factors
of intra-assay and inter-assay changes of this kit were less
than 6.3 and 7.9%, respectively.

3.7. Statistical Methods

Testing for normality and equal variances were inves-
tigated by K-S test and Lewin tests, respectively. In order to
examine the intragroup and intergroup changes, repeated
measures ANOVA was employed. In case of significance
of intragroup changes, paired t-test, and for significance
of intergroup changes, Bonferroni post hoc test were em-
ployed. Data were processed by software package SPSS 23
at the significance level of P ≤ 0.05

4. Results

The subject’s characteristics presented as mean± stan-
dard deviation in Table 1.

The results indicated that there is a significant differ-
ence in the effect of time with regards to CAT (P = 0.001).
We found that CAT increased in the HTC (P = 0.001) and HTP
(P = 0.024).

Also, it was observed that NO significantly increased
in response to time or exercise training, Further, results
showed that HTC (P = 0.001) and HTP (P = 0.003) signifi-
cantly increased the NO (Figure 1).
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Figure 1. Catalase activity after supplementation and exercise training (panel A);
Concentration of NO after supplementation and exercise training (panel B); * indi-
cate significant difference (pre-posttest).
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Table 1. The Characteristics of Subjects Before Beginning the Study

Groups Age (y) Weight (kg) Height (m) Body Mass Index (kg/m2) VO2max (mL/kg. min)

HTC 46.2 ± 3.5 87.5 ± 6.5 1.75 ± 4.8 28.4 ± 0.9 42.1 ± 2.5

HTP 48.3 ± 2.5 87.8 ± 4.4 1.78 ± 4.2 27.5 ± 0.7 41.5 ± 3.4

AA 46.7 ± 3.2 88.4 ± 5.3 1.79 ± 7.9 27.4 ± 1.4 43.9 ± 3.7

Control 43.2 ± 4.2 89.2 ± 5.7 1.81 ± 3.2 27.2 ± 1.2 41.7 ± 1.5

In addition, the results showed that the SBP and DBP
significantly decreased in the HTC and HTP, however in the
AA and control, it did not change significantly (P > 0.05).

The results also revealed that the effect of group (P
= 0.001) and interaction effect of time in the group (P =
0.001) in CAT (P = 0.001) and NO (P = 0.001) was significant.

We found that CAT in the HTC significantly increased
than to control (P = 0.036). Also, these increment was
found in the HTP than to the control (P = 0.044). In this
regard, it was seen that NO significantly increased in the
HTC to AA (P = 0.021) and control (P = 0.001). Also, NO sig-
nificantly increased in the HTP than control (P = 0.024). In
addition, the results demonstrated that in the HTC and HTP
the SBP significantly decreased than to the AA and control.
Further, the HTC in comparison to the AA and control, and
the HTP only compared to the control showed a significant
decrease in DBP (Table 2).

5. Discussion

The present study was performed with the aim to inves-
tigate the effect of vitamin C supplement during high in-
tensity aerobic training on catalase, nitric oxide, and blood
pressure in hypertensive men.

We found that there is no significant difference be-
tween high intensity aerobic training with or without
ascorbic acid supplementation in the catalase and nitric
oxide enzyme activity, although catalase and nitric oxide
enzyme activity increased significantly in the posttest than
pretest. These means that ascorbic acid supplementation
had not effect on CAT and NO activity, and high intense aer-
obic training effectiveness is more than ascorbic acid sup-
plementation.

Consistent with present results, it has been reported
that CAT may increase following aerobic exercises training
(20, 21). However, some studies has been reported the op-
posite results (22). It seems that variable such as, exercises
training intensity, subjects health status may effect on the
results. Also, type sample may effect on contradictions of
results the. In the present study, the subjects were men hy-
pertensive, and its exercise training was done at high in-

tensity, while Vesali-Akbarpour et al. (22) used rats as sam-
ple study. During exercise session, especially high intensity
aerobic training leakage electron mitochondria increased
(23), and may cause to increase ROS and oxidative stress.
Therefore, it seems that CAT increment in the present study
can be a compensator response to the free radicals produc-
tion during exercise training session, since CAT can decom-
pose H2O2 to H2O and O2. Furthermore, we found that ex-
tent of elevation of catalase serum level was higher in the
HTC and HTP, than to the control, while there is no signif-
icant difference between exercising group (HTC and HTP).
These means that supplementation with ascorbic acid had
not effect on CAT activity, and effectiveness high intensity
exercise training is more effective than ascorbic acid sup-
plementation.

Results showed that NO activity increased in the HTC
and HTP than control, while there is no significant differ-
ence was found between HTC and HTP after supplementa-
tion and exercise training period. These means that sup-
plementation with ascorbic acid had not effect on NO ac-
tivity, and effectiveness high intensity exercise training on
NO is more effective than ascorbic acid supplementation.
In congruent with the present study Lewis et al. (1999)
that basal release of endothelium-derived NO is increased
with four weeks of home based training in hyper choles-
terolemic patients (24). It has been stated that exercise
training is an important stimulus to the endothelium, and
it is involved in stimulation of NO production, vascular
remodeling and blood vessel formation (25). It is clearly
determined that vascular laminar shear stress increases
during exercise and is associated with a rapid up regula-
tion of endothelial nitric oxide synthase (eNOS), messen-
ger ribonucleic acid (mRNA) and protein expression levels
(26). Anyway, we found that ascorbic acid supplementa-
tion had not effect on NO, and exercise training was more
effective than ascorbic acid supplement. A study showed
that supplementation with ascorbic acid could restrain of
NOχ oxidation and thereby increasing availability of NO
(27). However, it seems in the present study influence of ex-
ercise training mechanisms on the NO concentration and
production was greater and more important than ascorbic
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Table 2. Systolic and Diastolic Blood Pressurea , b

Variables Measure Time P-Value

Pre-test Post-test Time Group Time × Group

SBP (mmHg) 0.001 0.003 0.001

HTC 144.12 ± 3.94 124.76 ± 7.44*

HTP 146.28 ± 4.84 131.02 ± 6.16*

AA 144.7 ± 5.14 142.8 ± 4.74

Control 144.8 ± 4.64 145.6 ± 4.19

DBP (mmHg) 0.001 0.006 0.001

HTC 93.28 ± 2.91 85.12 ± 3.04*

HTP 95.12 ± 1.81 88.61 ± 4.18*

AA 93.4 ± 1.69 91.9 ± 2.284

Control 94.2 ± 2.19 94.7 ± 2.49

a Values are expressed as mean ± SD.
b *Significant difference from pre-test.

acid.

In the present study SBP and DBP decreased in the HTC
and HTP than control, while there is no significant differ-
ence was found between HTC and HTP after supplemen-
tation and exercise training period. Most likely one of
the causes of SBP and DBP reduction can be elevated ni-
tric oxide levels. NO affects the smooth muscles of walls
of vessels, and relaxes them. Nitric oxide changes into
nitrite and nitrate in smooth muscle cells of the wall of
the cells in the presence of oxygen, after which it enters
the bloodstream (28). In this way, it can be effective as
an important intermediate substance in a variety of phys-
iological actions such as a regulation of blood pressure
and vasodilation (29). Nitric oxide results in elevated lev-
els of cGMP, whereby vasodilation occurs, culminating in
diminished blood pressure (30). In other hands, it has
also been reported that physical activity can improve va-
sodilation without elevating eNOS through the mecha-
nism of increasing antioxidant defense and reducing ox-
idation stress, causing enhanced nitric oxide production
(31). Therefore, reduction of SBP and DBP may be induced
mentioned mechanism.

5.1. Conclusions

Generally, it can be concluded that 10 weeks of per-
forming aerobic exercise training alongside ascorbic acid
supplementation can cause a significant improve in cata-
lase activity, nitric oxide concentration, and improvement
in systolic and diastolic blood pressure in hypertensive
men. In any case, the extent of effectiveness of aerobic ex-
ercises training is more effective ascorbic acid.
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