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ABSTRACT

Objective: Hypertension is the most common cardiovascular disease and one of the most important public health concerns all over the world. Primary 
or essential hypertension is the major form of arterial hypertension without any definitive cause. It results from increase vascular tone and resistance 
which may be confined to the lower level of endothelial derived relaxing factor such as nitric oxide (NO). Hence, the objective of this study is to find 
out whether any correlation exists between the concentrations of serum NO (nitrite) and essential hypertensive patients categorized according to the 
Joint National Committee 7 classification.

Methods: We selected age- and sex-matched 24 healthy individuals as controls and 35 essential hypertensive patients as cases. Out of 35 cases, 24 
were included in stage 1 and 11 in stage 2 of essential hypertension. We estimated serum NO levels in study groups basing on the principle of Griess 
reaction.

Results: We observed reduction in mean serum NO level in cases which was statistically highly significant as compared to controls (8.14±0.33 vs. 
13.53±0.38 µmol/L, p<0.001) and also in stage 2 patients when compared with stage 1 patients (5.97±0.31 vs. 9.15±0.28 µmol/L, p<0.001). In 
hypertensive patients, serum NO showed a highly significant inverse correlation to both systolic (r=−0.89, p<0.001) as well as diastolic (r=−0.64, 
p<0.001) blood pressure.

Conclusion: Thus, we can conclude that lower level of serum NO can be an important causative factor in the progress of essential hypertension.
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INTRODUCTION

Hypertension is the most common, asymptomatic, readily detectable, 
usually easily treatable disorder, and if untreated it often leads to 
complications like coronary heart disease, stroke, and other vascular 
complications. It has been estimated that hypertension accounts for 
7.5 million deaths, which is about 12.8% of annual deaths worldwide. 
Around the world, the prevalence of hypertension in person belonging 
to the age group of 25 or more is almost 40%, rise of prevalence from 
600 million in 1980 to approximately 1 billion in 2008. According to the 
WHO, the prevalence of hypertension among the males is slightly higher 
than the females [1].

Development of hypertension is considered to be multifactorial. Both 
environmental and genetic factors may contribute to regional and racial 
variations of blood pressure (BP) and hypertension prevalence. Obesity 
and weight gain are found to be strong and independent risk factors. 
Other risk factors such as low dietary intakes of calcium, potassium, 
alcohol consumption, psychosocial stress, and low levels of physical 
activity are also contributing to the increasing prevalence. The studies 
show a significant heritable component to BP levels and hypertension. 
It has been well-documented that before the age of 50 years, the 
prevalence of hypertension appears to be somewhat lower in women 
than in men, suggested by protective roles of estrogen in women. 
However, after menopause, the occurrence of hypertension increases 
rapidly in women and exceeds that in men [2].

Hypertension is typically a disorder of circulatory regulation. Current 
clinical criteria which ideally define hypertension are generally based 
on the average of two or more seated BP readings during each of two 
or more outpatient visits. Classification proposed by the Joint National 
Committee 7 (JNC 7), defines a BP of <140/90 mm Hg as acceptable, rise 

of BP beyond this is considered as hypertension. BP <120/80 mm Hg 
is normal. Systolic BP (SBP) 140-159 mm Hg or diastolic BP (DBP) 
90-99 mm Hg are included in stage 1 and SBP ≥160 mm Hg or 
DBP ≥100 mm Hg in stage 2 hypertensions [3].

Essential, primary or idiopathic hypertension is defined as high 
BP without any definable cause in which various secondary causes 
such as renovascular disease, renal failure, pheochromocytoma, 
aldosteronism or other causes of secondary hypertension, or 
mendelian forms (monogenic) are not present. This the most prevalent 
form of hypertension accounting for approximately 80-95% of all 
hypertensive patients. Remaining 5-15% specific underlying cause has 
been identified [2,4]. Essential hypertension usually associated with 
other cardiovascular risk factors such as aging, abdominal obesity, 
dyslipidemia, glucose intolerance, insulin resistance, diabetes, and 
hyperuricemia [4]. In developed as well as in developing countries 
essential hypertension affects 25-35% of the adult population and up 
to 60-70% of those beyond the seventh decades of life [5]. Essential 
hypertension suggested to be a familial disease and likely to be an 
interaction between environment and genetic factors. It is mostly 
characterized by endothelial dysfunction and increase vascular tone 
and resistance due to mismatch between endothelial-derived relaxing 
factor (EDRF) and contracting factors [6].

Nitric oxide (NO) is synthesized from L-arginine by the enzyme NO 
synthase (NOS) which exists as three different isoforms: Neuronal 
NOS, inducible NOS, and endothelial NOS (eNOS). Platelets express 
eNOS and in endothelial cells, it catalyzes the formation of NO and 
L-citrulline from L-arginine, with the aid of tetrahydrobiopterin (BH4), 
molecular oxygen, and nicotinamide adenine dinucleotide phosphate 
cofactors. NO is now found to be the major form of EDRF. eNOS is 
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activated by various sterssors in response to increase accumulation of 
intracellular calcium and thus triggering the increase production and 
extracellular release of NO. NO plays a catalytic role in conversion of 
guanosine triphosphate to cyclic guanosine monophosphate (cGMP) by 
activating soluble guanylate cyclase. The elevated cGMP regulates many 
vital physiological functions leading to relaxation of vascular smooth 
muscles [7]. Vasodilatation inhibits platelet and leukocyte adhesion to 
the endothelium and inhibits vascular smooth muscle cell proliferation. 
Reduction in basal NO release may prejudice humans to hypertension, 
thrombosis, vasospasm and atherosclerosis and restoration of NO 
activity can induce regression of pre-existing intimal lesions [8]. 
NO is effective only for few seconds. Its stable oxidative end product 
nitrite and nitrate diffuse into the circulation and finally excreted in 
urine [9]. Reduced level of NO synthesis and release may be resulted 
from decreased NOS expression [10], elevated level of endothelial 
NOS competitive inhibitor like asymmetric dimethyl arginine [11] or 
accelerated break down of NO by the enhanced formation of reactive 
oxygen species, mostly the superoxide anion [12].

Hypertension is a global health concern and related to altered vascular 
tone. However, a very few studies have been done to investigate the 
correlation between the NO and essential hypertension. Considering 
the above facts, the present research was carried to assess the status 
of serum NO in essential hypertension and whether any coexisting 
correlation with severity of the disease.

METHODS

This study was undertaken in the Department of Biochemistry, V.S.S. 
Medical College and Hospital, Burla. Patients were collected from in and 
outpatient Departments of Medicine and Cardiology. Those patients 
taking antihypertensive drugs or having drug- induced or drug-related 
hypertension, chronic kidney disease, primary hyperaldosteronism, 
renovascular disease, chronic steroid therapy and Cushing’s syndrome, 
pheochromocytoma, coarctation of aorta, thyroid and parathyroid 
disease, and sleep apnea were excluded from our study. A total of 35 
essential hypertensive patients between 25 and 55 years of age were 
included as cases, again categorized into stage 1 (n=24) and stage 2 
(n=11) according to the JNC 7. 24 age- and sex-matched apparently 
healthy individuals were taken as controls. The purpose and procedure 
of the study were explained to the study groups and has been approved 
by the Institutional Ethical Committee.

5 ml venous samples were collected from study groups, and serum was 
separated and analyzed for serum NO, urea, creatinine, and electrolytes 
such as sodium, potassium, and ionized calcium. Serum urea and 
creatinine were estimated using fully automated analyzer Cobas Integra 
400 plus. Serum sodium, potassium, and ionized calcium were analyzed 
in electrolyte analyzer instrument (ECOLYTE of ESCHWEILER).

Serum NO estimated by Griess reaction. Griess reaction is based on 
the principle that, in an oxygenated solution, NO decomposes to form 
nitrite (NO2

−) and nitrate (NO3
−). The only stable product formed by 

spontaneous auto-oxidation of NO in oxygenated solutions is nitrite 
(NO2

−). Nitrite reacts with sulfanilamide and heterocyclic amine of 
naphthylene-ethylene-diamine (Griess reagent) under conditions of 
low pH to form a magenta colored azo dye that can be measured in the 
spectrophotometer at 540 nm [13].

Statistical analysis was done with Chi-square test and independent 
t-test. All the analyses were done using statistical software SPSS 20.0. 
The associations were considered statistically significant if the p<0.05.

RESULTS

This study enrolled 35 essential hypertensive patients as cases, out of 
which 24 were categorised into stage 1 and 11 into stage 2 according 
to JNC 7 classification. A total of 24 numbers of age- and sex-matched 
apparently healthy individuals were taken as control. Out of the 24 
healthy controls, 13 (54%) were male, and 11 (46%) were female. 

About 37% of healthy controls are in 25-39 years of age groups, and 
63% are in the 40-55 years of age group. About 69% of the hypertensive 
patients are in the 40-55 year age group whereas only 31% of cases 
are in the lower age group of 25-39 year. In the patients group, a total 
number of the male (51.4%) and female (48.6%) are almost equivalent. 
The mean age for healthy controls group was 38.33±1.62 with range of 
26-53 years and for hypertensive patients was 43.46±1.53 with range 
of 27-54 years.

Table 1 showed the study of family history among the study 
groups. Applying Chi-square test, it was found that family history of 
hypertension is positively correlated (0.032) to the development of 
essential hypertension which is statistically significant (p<0.05).

Table 2 shows the comparison of body mass index (BMI), systolic, and 
DBP among the healthy controls and hypertensive patients. Comparison 
of BMI between the hypertensive patients and healthy control shows 
no statistically significant (p>0.05) difference, but a highly significant 
rise (p<0.001) in both systolic and DBP was found in hypertensive as 
compared to control.

Table 3 shows the comparison of serum urea, creatinine, serum NO, 
and electrolytes such as sodium, potassium, and ionized calcium among 
the healthy and hypertensive patients. It was found that significant 
difference of serum creatinine (p<0.05) and ionized calcium (p<0.001) 
among the study groups but other parameters show no statistical 
difference (p>0.05). We found a highly significant reduction (p<0.001) 
of serum NO (nitrite) level in essential hypertensive patients when 
compared to healthy control group.

Table 4 shows the comparison of serum NO between stages 1 and 2 
hypertensive patients. Serum NO was lower in stage 2 hypertensive 

Table 1: Family history of hypertension in the study groups

F/H Controls (n=24) Cases (n=35) Total p value
Positive 9 (38%) 23 (66%) 32 <0.05*
Negative 15 (62%) 12 (34%) 27
*p<0.05 is considered to be significant

Table 2: Study of BMI, SBP and DBP among the controls and 
hypertensive patients

Parameters Mean±SEM p value

Controls (n=24) Cases (n=35)
BMI (Kg/m2) 24.57±0.03 25.5±0.43 NS
SBP (mm Hg) 121.0±1.77 154.0±2.9 <0.001**
DBP (mm Hg) 76.3±1.24 93.3±1.33 <0.001**
*p<0.05 (significant), **p<0.001 (highly significant). BMI: Body mass index, 
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, SEM: Standard 
error of the mean, NS: Not significant

Table 3: Study of serum urea, creatinine, electrolytes, and NO 
among the study groups

Parameters Mean±SEM p value

Controls
(n=24)

Cases]
(n=35)

Serum urea (mg/dl) 27.29±1.45 30.9±1.23 NS
Serum creatinine (mg/dl) 0.85±0.05 1.08±0.06 <0.05*
Serum Na+ (mEq/L) 139.66±0.57 140.1±0.58 NS
Serum K+ (mEq/L) 4.1±0.09 3.92±0.05 NS
Serum ionized Ca2+ (mg/dl) 4.99±0.35 4.53±0.39 <0.001**
NO (µmol/L) 13.53±0.38 8.14±0.33 <0.001**
*p<0.05 (significant), **p<0.001 (highly significant). NO: Nitric oxide, NS: Not 
significant, SEM: Standard error of the mean
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patients as compared to the stage 1 patients which were statistically 
significant (p<0.001).

Correlations between serum NO and BPs were shown in Figs. 1 and 2. 
Serum NO when correlated with BP of hypertensive patients, it shows 
a negative as well as statistically highly significant correlation to both 
systolic (r=−0.89, p<0.001) and diastolic (r=−0.64, p<0.001) BP as 
shown in Figs. 1 and 2, respectively.

DISCUSSION

NO is well known to be a potent endogenous vasodilator and inhibition 
of NO synthesis may be associated with rise in BP. Few studies have 
shown that NO levels are diminished in essential hypertension, and 
therapeutic control of BP leads to restoration of NO level in these 
patients. In this study, most of the hypertensive patients (69%) fall 
in the age group of 40-55 years. The family history of hypertension 

was found in 66% patients but only in 38% of healthy control group 
which was found to be significantly correlated to the development of 
essential hypertension (p<0.05). The onset of hypertension is usually 
between ages 25 and 55 years. The prevalence increases with age and is 
uncommon before the age of 20 years. A family history of high BP raises 
the risk of both hypertension and cardiovascular disease [14].

Serum creatinine level found to be raised significantly (p<0.05) in 
hypertensive patients compared to healthy control. Serum NO was 
negatively correlated to serum creatinine of hypertensive patients 
which is not statistically significant (r=−0.276, p=0.108). This 
study excluded chronic renal complications, and the raised level of 
creatinine may be attributed to mild renal insufficiency. The study 
of Ruilope [15] established that mild renal insufficiency is present in 
significant proportion of hypertensive population. Decreased NO level is 
a reason behind elevating the BP by alternation of vasodilator properties 
of vessels wall as well as by impairment of renal hemodynamic and 
excretory function [16].

Serum electrolyte analysis showed rise in both sodium and potassium 
level in hypertensive patients compared to control group which is not 
statistically significant. A highly significant reduction (p<0.001) of serum 
ionized calcium was detected in hypertensive group when compared to 
controls. Higher sodium level may be resulted from altered activity of the 
Na+/H+ antiporter and the Na+/Li+ counter-transporters [17]. High salt 
intake definitely increases the risk of hypertension [4]. Low potassium 
intake is a risk factor for the development of hypertension [18]. 
Increased K+ intake is well known to have effect on BP control through 
various mechanisms, and hypokalemia will blunt reductions in BP by 
antihypertensive medication perhaps because its result is closure of K+ 
channels [19]. Our study matches with Levine et al. [20] study about the 
association between BP level and serum sodium and potassium. They 
showed no significant association was found between the height of BP, 
the serum sodium, or potassium level. Similarly, the study of Hvarfner 
et al. [21] established that plasma ionized calcium was inversely related, 
and the urinary calcium was positively related to BP in the essential 
hypertension and healthy control group. The essential hypertensive 
patient has significantly lower plasma level of ionized calcium (p=0.02) 
than the control.

In this study, we observed a highly significant diminution of serum NO 
in both hypertensive versus healthy control group and also in stage 2 
against stage 1 patients (p<0.001). Serum NO showed a highly significant 
negative correlation with both SBP (r=−0.89, p<0.001) and DBP (r=−0.64, 
p<0.001). Numerous studies indicate that NO is the major physiological 
regulator of basal blood vessel tone. These include the vasoconstrictive 
action of NOS inhibitors which is accompanied by substantial increase in 
BP [22]. Our study was well supported by the study of Node et al., [23] 
who established the end product of NO (nitrate plus nitrite) was reduced 
in individuals with essential hypertension relative to that in control 
subjects (15.7±1.1 vs. 22.8 ± 1.4 µmol/L, p<0.001). They also found 
a significant inverse correlation of plasma NO with the SBP (r=−0.68, 
p<0.005) and DBP (r=−0.61, p<0.05), which is in agreement with our 
study. Similar studies done by Arora et al. [24] and Chandra et al. [25] 
observed that a highly significant reduction (p<0.001) in plasma level of 
NO in essential hypertension patients compare to control group.

CONCLUSION

Plasma NO level found to be significantly lower in essential hypertensive 
patients compared to healthy controls and was inversely correlated to 
both systolic and DBP of patients which was statistically significant. The 
lower level of NO in hypertensive patients suggests that the estimation 
of NO, a simple, and economic method may be included as a routine 
laboratory investigation for screening people at risk so that therapeutic 
intervention can be implemented in individuals. Hence, if this work is 
further supported by more studies it may help in the understanding 
of NO role in regulating the BP and its use in appropriate medical 
intervention in the early phase of disease. However, the reference value 
for NO is yet to be established in Indian population.

Table 4: Comparison of NO between stage 1 and stage 2 
hypertensive patients

Parameters Mean±SEM p value

Stage 1 
hypertension
(n=24)

Stage 2 
hypertension
(n=11)

NO (µmol/L) 9.15±0.28 5.97±0.31 <0.001**
**p<0.001 (highly significant). NO: Nitric oxide, SEM: Standard error of the 
mean

Fig. 1: Correlation between serum nitric oxide and systolic blood 
pressure in hypertensive patients (r=−0.89, p<0.001)

Fig. 2: Correlation between serum nitric oxide and diastolic blood 
pressure in hypertensive patients (r=−0.64, p<0.001)
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