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ABSTRACT 

Despite enormous research in the field of hypertension, its pathophysiology still remains 
largely unresolved and appears to be multifactorial. In the present communication, we have 
analyzed the status of nitric oxide (NO) in the patients with essential hypertension and age 
matched controls. We have found that the levels of NO are lowered in essential hypertension. 
The normalization of blood pressure by administration of antihypertensive therapy causes rise 
in the NO level indicating that perturbed NO status in essential hypertension is reversible. 
Addition of antioxidant to the antihypertensive drugs causes a further, though non significant, 
rise in the levels of NO, suggesting that antioxidants may be combined with antihypertensive 
drugs as adjunct in the management of essential hypertension. 

KEY WORDS 

Nitric oxide, Essential hypertension, Antihypertensive treatment, Antioxidants. 

INTRODUCTION 

As much as 95 % of hypertension is of unknown 
cause. The hemodynamic hallmark of primary 
hypertension, a persistently elevated vascular 
resistance, may be reached through a number of 
different paths. Before the final destination, these 
paths may converge and lead to thickening and 
constriction of vessel wall. 

Vascular endothelium is not simply an inert blood 
container but has important regulatory role to prevent 
adhesion and aggregation of blood cells and keep 
the vessel dilated to the flow. One of the most potent 
substances released from the endothelium is nitric 
oxide(NO) (1). Recently, various NO system 
perturbations, including increased decomposition 
by superoxide ions, have been demonstrated and 
linked to pathogenesis of primary hypertension 
(2-6). The present communication evaluates NO 
status in essential hypertension (EH) and effect of 
antihypertensive and antioxidant therapies on it. 

Author for Correspondence: 
Prof. M.K. Misra 
Department of Biochemistry 
University of Lucknow 
Lucknow 226 007, India 
E-mail: amita2@satyamnet.in 

Indian Journa/ of Clinica/ Biochemistry. 2003 

MATERIALS AND METHODS 

A total of 44subje6tswere taken for the study. They 
included 15 age and sex matched healthy controls 
and 29 patients of uncomplicated essential 
hypertension. A detailed clinical e~amination of all 
the patients was done to detect target organ damage 
and coexisting other disorders. Hypertensives with 
cerebrovascular accidents, diabetes mellitus, 
coronary artery disease and renal failure were 
excluded from the study. All the cases were 
subjected to routine investigations eg. hematocrit, 
urine analysis and blood chemistry (urea, creatinine, 
lipids, sugar, Na* and K*) and electrocardiogram. 
The hypertensives were randomized in two group. 
One group received only routine antihypertensive 
drug in a dose and till the time to bring the blood 
pressure within the normal range and the other group 
received the same antihypertensive drug along with 
400 IU of vitamin E daily. The NO levels were 
monitored in all the cases before and after the 
treatment. 

COLLECTION OF BLOOD 

5 ml venous blood was drawn in disposable plastic 
syringe containing 0.5 ml of 3.8 % (w/v) solution of 
sodium citrate. Samples were immediately 
centrifuged at 800xg for 10 minutes and the 
supematant plasma transferred in to plastic tubes 
and processed for NO estimation. 
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ESTIMATION OF NO 

Indirect method of NO measurement, using Greiss 
reagent, as described by Privat etal(1977) (7) has 
been employed. 

To 50 p.I of serum, 48 p.mole NADPH, 3 units of 
nitrate reductase and phosphate buffer (0.2M, pH 
7.5) to make up the final volume to 100 i~1 were 
added. The reaction mixture was incubated at 30~ 
for 30 minutes. The reaction was set up in 96 well 
fiat bottomed micro titre plates. The controls without 
serum and the standard with 2mM sodium nitrate 
were run simultaneously with each batch of assay. 
After incubation, 100 p.I of freshly prepared Greiss 
reagent was added in each well. 

The reaction mixtures were left at 300 C forat least 
20 minutes then the plates were read at 550 nm. 
Concentrations in the samples were calculated by 
comparing the absorbances with the standard. 

RESULTS 

We have found significantly reduced levels of NO in 
the patients of essential hypertension compared to 
healthy controls (p< 0.001). Therapeutic restoration 
of blood pressure to normal value was associated 
with significant rise in NO levels in these patients 
(p< 0.001). Though the hypertensives, receiving anti- 
hypertensive drugs along with vitamin E, exhibited 
higher levels of NO after control of blood pressure 
than those receiving anti-hypertensive drug alone, 
but the difference was not found to be ~tatistically 
significant (p> 0.05). The present report, thus, 
demonstrates that NO levels are reduced in 
essential hyper- tension and therapeutic control of 
blood pressure is associated with restoration back 
of the NO levels. This suggests  that the 
perturbations in the NO system in hypertension are 
reversible. Further more, addition of antioxidant 
(vitamin E, 400 IU daily) along with anti hypertensive 
therapy causes further, but statistically non 
significant, elevation of NO levels (Table 1). 

D ISCUSSION 

Furchgott and Zawadzki (1980) showed that 
vasodilatory response to acetyl choline was 
abolished in nor epinephrine induced vascular 
constriction if the endothelial lining was rubbed off 
(8). This phenomenon was found to be due to 
absence of endothelial derived release factor 
(EDRF). EDRF was later identified as nitdc oxide 
and now known to be potent endogenous vasodilator 
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(9,10). Inhibition of NO synthesis is associated with 
rise in blood pressure (11). Experimental animals 
lacking in the gene for NO synthase have been found 
to be hypertensive and incorporation of this gene 
has reversed hypertension (12,13). Nitroprusside, 
that contributes NO, is the most potent anti- 
hypertensive drug (14). In the present study, an 
attempt has been made to analyze the levels of NO 
in human hyper-tension and also to assess the 
effect of anti oxidant (vitamin E) on the levels of NO 
as an adjunct to anti-hypertesive drugs. We have 
found that NO levels are depressed in the patients 
of essential hypertension and therapeutic control of 
blood pressure is associated with the restoration of 
NO levels in these patients. The perturbations in 
the NO system in essential hypertension (EH) are, 
therefore, reversible. Panza et al (15) reported that 
usual anti-hypertensive therapy does not restore the 
impaired NO response to acetyl choline. Our findings 
support the observations of Kumar and Das(16) who 
have reported that NO levels are low in uncontrolled 
EH and that the levels revert back to normal values 
following the control of blood pressure. In the present 
study, incorporation of an anti oxidant, vitamin E, 
in the daily dose of 400 IU along with anti- 
hypertensive drug, causes elevation of NO levels 
compared to group of patients receiving anti- 
hypertensive drug alone. High dose multiple anti- 
oxidant therapy along with anti-hypertensive drugs 
have been shown to increase the availability of NO, 
thus helping in the lowering of blood pressure. This 
suggests that inclusion of anti oxidants would 
potentiate anti-hypertensive therapy (17). Our 
observations with mono anti- oxidant therapy in the 
standard dose,however, are not in quite conformity 
with these observations. 

At the present, it is uncertain as how the defect in 
NO system arises in human hypertension (18). 
Depressed NO level elevates blood pressure 
by causing alterations of vasodilatory properties 
of vessel wall as well as by impairment of 
renal hemodynamic and excretory functions (19,20). 
It can be concluded that NO status is depressed in 
essential hypertension and normalization of 
blood pressure is associated with restoration of 
normal NO levels, indicating that impaired NO status 
in hypertension is reversible. It can be hypothesized 
that intraluminal pressure damages the endothelium 
resulting in altered release of NO. Normalization 
of intraluminal pressure results in the improvement 
of endothelial function resulting in the normalization 
of NO levels. Addition of anti-oxidant drugs 
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cause further rise, though non significantly, in 
NO levels suggests that anti oxidants may be 
used as an adjunct  to ant i -hyper tens ive 
therapy in the management  of essent ial  
hypertension. 
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Table 1. NO levels in control and hypertensive patients 

w 

Group 
i i 

Control 
(n=l s) 

Hypertensives 
(n=29,before control of BP) 

Hypertensives,Vit.E+AHT 
(n=11. after control of BP) 

i i 

Hypertensives with AHT 
(n=14, after control of BP) 

Mean+S.D. S.E. 't' 'p' 

33.04~2.8 0.72 

18.59+7.46 1.18 4.73 <0.001 

29.67+7.87 2.37 1.52 >0.05 

25.0+1.84 1.84 

n=the number of cases investigated; S.D.= standard deviation; S.E.= standard error �9 
AHT=anti hypertensive drug treatment; conc. of NO expressed in mMole. 
Control of blood pressure was achieved in 25 of the total pa'dents (n=25). 

Indian Journal of Clinical Biochemistry, 2003 152 



Indian Journal of Clinical Biochemistry, 2003, 18 (2) 150.153 

REFERENCES 

1. Anggard, E. (1994) Nitric oxide: mediator, 
murderer and medicine. Lancet 343, 1199- 
1206. 

Tschudi, M.R., Mesaros, S., Luscher, T.F., 
et a/ (1996) Direct in situ measurement of 
nitric oxide in mesenteric resistance arteries. 
Increased decomposition by superoxide in 
hypertension. Hypertension 27, 32-35. 

3. Panza, J.A., Quyyumi, A.A. and Brush, J.E. 
Jr. (1990) Abnormal endothelium dependent 
vascular relaxation in patients with essential 
hypertension. N. Eng. J. Med. 323, 22-27. 

4. Linder, L., Kiowski, W., Buhler, F.R., et aL 
(1990) Indirect evidence for release of 
endothelium dedved relaxing factor in human 
forearm circulation in vitro. Circulation 81, 
1762-1767. 

5. Forte, P., Copland, M., Smith, L.M., et al 
(1997) Basal nitric oxide synthesis in 
essential hypertension. Lancet 349,837-842. 

6. Taddei, S., Virdis, A., Ghiadoni, L., et al 
(1997) Cyclo-oxygenase inhibition restores 
nitric oxide activity in essential hypertension~ 
Hypertension 27, 32-35. 

7. Privat, C., Lanotoine, E, Bedioni, F., et a/ 
(1997) Nitric oxide production; comparison 
of three methods of quantification. Life Sci. 
61, 1193-1202. 

8. Furchgot~, R.F. and Zawadzki, J.V. (1980) The 
obligatory role of endothelial cells in relaxation 
of arterial smooth muscle by acetyl choline. 
Nature 288,373-376. 

9. Palmer, R.M.J., Fenige, A.G. and Moncada, 
S. (1987) Nitric oxide release accounts for 
the biological activity of endothelium derived 
relaxing factor. Nature 327,524-526. 

10. Lowenstein, C.J., Dinerman, J.L. and Snyder, 
S.H. (1994) Nitric oxide: a physiological 
messenger. Ann~ Intem. Med. 120, 227-237. 

11. liyama, Ko, Nagano, M., Yo, Y., et al (1996) 
Impaired endothelial function with essential. 

. 

hypertension assessed by ultrasonography. 
Am. Heart J. 132, 779-782. 

12. Huang, P.L., Huang, J., Mashimo, H., et al 
(1995) Hypertension in mice lacking gene 
for nitric oxide synthase. Nature 132, 239- 
242. 

13. Cuevas, P., Ala-Calvo, M., Carceller, F., etal 
(1996) Correction of hypertension by 
normalization of endothelial levels of 
spontaneously hypertensive rats. Proc. Nat. 
Acad. Sci. USA 93, 11996-12001. 

14. Anderson, T.J., Meredith, I.T., Ganz, P., etal 
(1994) Nitric oxide and nitrohypertensives: 
similarities, differences and potential 
interactions. J. Am. Coll. Cardiol. 24, 5550- 
5560. 

15. Panza, J.A., Quyyumi, A.A., Callahan, T.S., 
et al (1993b) Effect of antihypertensive 
treatment on endothelium dependent vascular 
relaxation in patients with essential 
hypertension. J. Am. Coll. Cardiol. 21, 1145- 
1151. 

16. Kumar, K.V. and Das, U. (1993) Are free 
radicals involved in pathophysiology of human 
essential hypertension? Free Radical Res. 
Commun. 19, 59-66. 

17. Galley, H.F., Thornton, J., Nowdle, P.D., etal 
(1997) Combination of oral antioxidant 
supplementation reduces blood pressure. 
Clin. Sci. 92,361-365. 

18. Bonnardaux, A., Nadaud, S., Charm, A., 
et al (1995) Lack of evidence for linkage of 
endothelial cell nitric oxide gene to essential 
hypertension. Circulation 91,96-102. 

19. Yamada, S.S., Sassaki, A.L., Fujihara, C.K., 
et al (1996) Effect of salt intake and inhibitor 
dose on artedal hypertension and renal injury 
induced by chronic nitric oxide blockade. 
Hypertension 27, 1165-1172. 

20. Ruilope, L.M., Lahera, V., Rodicio, J.L., etal 
(1994) Participation of nitric oxide in the 
regulation of renal function: possible role in 
the genesis of arterial hypertension. J. 
Hypertens. 12, (~25-631. 

Indian Journal of Clinical Biochemistry, 2003 153 


