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ABSTRACT

Hypertension is a common disease and is an important cause of morbidity and
mortality worldwide. Occurrence of oxidation and peroxidation is one of the
unfavorable consequences of hypertension on molecular systems. Large
epidemiologic studies have demonstrated that subjects with hypertension have a
marked increase in the prevalence of hypercholesterolemia, diabetes,
hypomagnesemia, hypertriglyceridemia. Paraoxonasel(PON1),an HDL bounded
enzyme, protects LDL from oxidative stress by destroying biologically active
phospholipids . Human serum PONL1 activity was shown to be inversely related to
the risk of cardiovascular diseases, and low PONL1 activities were observed in
atherosclerotic, hypercholesterolemic and hypertensive patients .
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INTRODUCTION

Hypertension is a common disease. It is an important cause of morbidity and mortality
worldwide. Elevated systolic blood pressure is a major risk factor for cardiovascular diseases.
Hypertension has been associated with an increased risk of certain cancers. It is also a major
cause of cerebrovascular and coronary artery diseases, congestive heart failure, renal failure,
peripheral vascular disease and premature death™ °. A better understanding of the
pathophysiology of hypertension is indispensable to give optimal care to the 1.5 billion
hypertensive patients who are estimated to exist by the year 2025, Hypertension is classified
based on its severity in The Joint National Committee on Detection, Evaluation, and Treatment
of High Blood Pressure (JNC-7) classification®. Regarding its etiology, hypertension is classified
as primary or secondary hypertension. Primary hypertension, also known as essential or
idiopathic hypertension, accounts for as many as 95% of all cases of hypertension.*
Hypertension, known as “silent killer”, is a disorder that can damage many organs especially
heart and brain. Occurrence of oxidation and peroxidation is one of the unfavorable
consequences of hypertension on molecular systems. In these oxidation processes, peroxides and
free radicals are produced, which cause injuries and erosions in the wall of vessels. There are two
kinds of antioxidants; enzymatic, and non-enzymatic (glutathione, vitamin E, vitamin C, vitamin
A, etc). The most important enzyme is superoxide dismutase (SOD)°. Hypertension is one of the
most important risk factors for cardiovascular diseases and clinical outcomes®. In addition,
hypertension is associated to target-organ damage such as left ventricular hypertrophy’,

microalbuminuria 8°, or subclinical vascular impairment as endothelial dysfunction'®!

, an early
marker of atherosclerosis. Numerous mechanisms or causes of hypertension have been well
characterized over the years. Several vasoconstrictive mechanisms, the sympathetic nervous
system, the endothelin system, the vasopressin system and more recently the reactive oxygen
species have all been implicated in the development of experimental or human hypertension.

Increased vascular oxidative stress could be involved in the pathogenesis of hypertension®? 3

, a
major risk factor for cardiovascular disease mortality. Oxidative stress occurs when there is an
imbalance between the generation of reactive oxygen species and the antioxidant defense
systems so that the latter become overwhelmed ** *°. The association between blood pressure and
the risks of stroke and CHD are well established. Similarly, there are also strong associations
between serum cholesterol and risks of CHD. Large epidemiologic studies have demonstrated

that subjects with hypertension have a marked increase in the prevalence of

www.ajphr.com 197


http://www.ajphr.com/

|[Kumar et al., Am. J. Pharm Health Res 2015:3(3) ISSN: 2321-3647|

hypercholesterolemia, diabetes, hypomagnesemia, hypertriglyceridemia etc'®. It is widely
accepted that CVD is associated with hypertension and increased blood levels of low-density
lipoprotein (LDL), total cholesterol (TC), and triglycerides (TG). In contrast, a low level of high
density lipoprotein (HDL) is a risk factor for mortality from CVD*". PON1 belongs to the family
of serum paraoxonases, consisting of PON1, PON2 and PON3. The genes coding for these
enzymes are all located next to each other on the long arm of chromosome 7 (7921.3-q22.1)™.
PONL1 and PONS are expressed in the liver and excreted in the blood where they are associated
with the high-density lipoprotein (HDL) particle.*® 2 PON2 is not present in blood, but is
expressed widely in a number of tissues, including the liver, lungs, brain and heart. Of the
paraoxonase family, PONL1 is the most investigated and best understood member. Paraoxonase
(PON1) is an enzyme with three activities, which are paraoxonase, arylesterase and diazoxonase.
PONL is a calcium-dependent esterase consisted of 354 amino acids with a molecular mass of
approximately 45 kDa, and it is found exclusively associated with high density lipoprotein
(HDL) in serum. It protects LDL from oxidative stress by destroying biologically active
phospholipids #*. Human serum PON1 activity was shown to be inversely related to the risk of
cardiovascular diseases , and low PON1 activities were observed in atherosclerotic,
hypercholesterolemic and hypertensive patients 2. Various underlying mechanisms have been
put forward over the years in the causation of hypertension. It could be vasoconstrictive
mechanisms among them, the sympathetic nervous system, the endothelial system, the
vasopressin system and more recently the reactive oxygen species which is suggestive in the
development of experimental or human hypertension 2°.

REVIEW OF LITERATURE

The presence of oxidative stress and its role in elevation of arterial pressure has been shown in
various other forms of hypertension including that seen with lead exposure®®, chronic renal
insufficiency?’, salt sensitivity?®, angiotensin infusion®®, pre-eclampsia®, renal artery stenosis™,
and coarctation of the aorta®. Some researchers such as Raij et al®°, Hafidi and Bafios™,
Pierdomenico et al®*, Vaziri et al®*®, Lerman et al*®®, and Donmez et al*’ also investigated
oxidation and peroxidation. They indicated that hypertension caused increased oxidation
processes, which emphasized on importance and usefulness of antioxidants. Because SOD is the
first enzymatic antioxidant defense, its low level in hypertensive patients may be due to excess of
oxidative stress. The results of Piranfar et al®® are similar to the results obtained by Raij et al.’,

Pierdomenico et al**.,, Tokkia et al*., Quinines- Galvan et al.“’, and Brockes,** and indicate that
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oxidative processes increase in hypertension and cause increasing level of serum Ox-LDL.

Gongura et al*

concluded that angiotensin Il induced hypertension increased the vascular
ecSOD. They proposed that this was a compensatory mechanism that blunted the hypertensive
response. To test this hypothesis, they studied ecSOD-deficient mice and found that hypertension
caused by angiotensin Il was greater in ecSOD compared with wild type mice (168 versus 147
mmHg, respectively, P<0.01). Ferroni et al*® found that superoxide anion was a major
determinant of nitric oxide (NO) biosynthesis and also acted as a vasoconstrictor. Increased level
of biomarkers of lipid peroxidation and oxidative stress had been found in patients with
hypertension. Maharjan et al** concluded that lipid profile is unfavorably altered in hypertension
and oxidative stress is significantly raised. Dyslipedemia and raised oxidative stress are the
established risk factors for the atheroscelerosis. Therefore, this study indicates that monitoring of
the lipid level and maintaining of the oxidative balance in hypertensive patients would be helpful
in preventing the cardiovascular diseases and other diseases associated with hypertension. It has
been shown to be elevated in animal models of experimentally induced hypertension, suggesting
that it is a consequence rather than a cause of hypertension. This suggests that active lipid
peroxidation is occurring in essential hypertension, and this may be related to the development of
atherosclerosis. A study by Dildar et al* concluded that oxidative modification of LDL levels
and elevation in hypertensive stage were reversed by ACE inhibitors. They also found that the
PONL1 activities of the hypertensive patients were lower than the normotensives. In this study
SPLA2 levels were positively correlated with ox LDL and negatively correlated with PON1 in
hypertensive group. This finding may be attributed to the loss of PON1 activity from sPLA2-
modified HDL. PON1 prevents LDL oxidation and also renders HDL resistant to oxidation,
thereby maintaining the capacity of HDL to induce reverse cholesterol transport*®. Increase in
HDL-cholesterol is suggested to be associated with decreased risk of coronary artery diseases®’.
It has been reported that SPLA2 liberates polyunsaturated fatty acids from not only LDL but also
HDL and sPLA2 —-modified HDL loses its protective properties against LDL oxidation “. Uzun
et al* suggested that reduced paraoxonase activity might be a basis of increased oxidative stress
in patients with hypertension. A Study of Aymelek are in agreement with mentioned reports. In
this study, PONL1 activity was decreased in essential hypertensive patients compared with healthy
controls. Reduced PONL1 activity could be related to the increased oxidative stress in serum from
these patients.They found lower activity of PONL1 in non-dipper hypertensive patients than
dipper hypertensive patients. Thus, in non-dipper hypertensives, more qualitative changes occur

to LDL which render them more susceptible to oxidation;coupled to a reduction in the potential
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antioxidant activity of HDL. This is suggestive of non-dipper hypertensives as high-risk group
for atherosclerosis compared to dipper hypertensives®. Yildiz et al. were found PON1 activity
was decreased in non-dipper patients compared with dipper patients and healthy controls®. A
study done by Kumar et al to test ,the study of lipid profile, serum magnesium and blood glucose
in hypertension. The systolic blood pressure was more significant than the diastolic blood
pressure with increasing age groups. Elevated levels of cholesterol, LDL, VLDL, triglycerides
are observed and no significance in HDL and magnesium is seen. Fasting blood glucose is
statically significant in hypertensive cases when compared to controls but the significance may
be due to the presence of 12% diabetic cases among the hypertensive patients. They concluded
that dyslipidemia is associated with hypertension. This may due to the genetic predisposition,
secondary life styles, fatty food consumption, saturated fat, cholesterol in the food increase the
blood cholesterol and saturated fat is the main culprit, smoking and increased alcohol intake™®. A

study by Shekhanawar et al >

reported that HDL associated PONL1 can exert a protective effect
on HDL functions. This effect is due to PON’s peroxidase like activity and it contributes to
HDL’s antiatherogenic properties. Hence, evaluating the effects of PON1 for CAD patients may
be promising in the treatment and prognosis of CAD. PON1 would thus seem worthy of further
studies as an aetiologic factor in the development of CAD and perhaps other diseases. Saxena et
al®® concluded that Prehypertension is associated with decreased Paraoxonase activity with
increased oxidative Stress .The fall in PON1 and SOD levels were observed in smokers as well
as obese prehypertensives, where as MDA levels were found to be increased in both subgroups.
This study confirms that there is elevated oxidative stress and reduced antioxidant capacity of
PONL1 in pre-hypertensive patients compared to controls emphasizes the importance of these
parameters in assessing these markers for early diagnosis and therapeutic interventions. In

previous studies, Fukai et al®®

showed that angiotensin Il and hypertension increased the vascular
oxidant stress. They examined how these might affect expression of the extracellular superoxide
dismutase (ecSOD), a major form of SOD. On the other hand, the effects of oxLDL in the
development of atherosclerotic process have been shown to be inhibited by paraoxonase (PON1),
an HDL- associated esterase™. PON1 deficiency is associated with increased macrophage —
oxidative stress, where an effect on LDL oxidation was observed®™. PON1 plays a role in
preventing lipid peroxidation not only of LDL but also of HDL®. Only small increases in HDL
concentrations have been shown to greatly reduce atherogenecity and this effect has been
confirmed to be related to increased PON1 activities®*. However, the mechanism by which

PONL1 protects against oxidative damage and consequently development of atherosclerosis is not

www.ajphr.com 200


http://www.ajphr.com/

|[Kumar et al., Am. J. Pharm Health Res 2015:3(3) ISSN: 2321-3647|

entirely clear. A study by Kumawat et al°’ observed a significant decrease in reduced glutathione
(GSH), glutathione peroxidase (GPx), glutathione reductase (GR), and superoxide dismutase
(SOD) as compared to the control subjects. However catalase (CAT) and malondialdehyde
(MDA\) levels were found significantly increased in hypertensive patients as compared to normal
healthy individual. In their study, essential hypertensive subjects showed an impairment of the
antioxidant defense system as assessed by a diminution of plasma and erythrocyte antioxidant
°8 1°° and Moreno et al®®. A

status and their study was in agreement with Simic et al>°, Laffer et a

study was performed by Bhale et al®

to investigate the oxidative stress in patients with
hypertension, demonstrated that increased MDA level in hypertensive patients. Their result were
in consistent with Gonenc et al®®> and Ahmad et al ®. Ahmad A et al., observed that MDA level
was significantly increased in hypertensive group when compared with normotensive group but
there was no significant difference in MDA level between prehypertensive and normotensive
group. MDA level was significantly increased in hypertensive group as compared to
prehypertensive group. A Study by Kumar ® concluded that the results of their study were
agreeable with the hypothesis oxidative modifications due to hypertension causes changes in
serum PON activity there by accelerating the atherogenic process. Hypertension are also
associated with lower serum levels of HDL concentrations hence could explain alterations in
PON activities. Antioxidants and free radicals could conceivably protect PON through
augmentation of the overall antioxidant capacity, therefore the result of their study showed
significant differences among hypertensive patients when compared to normotensive controls.
More important, perhaps, he demonstrated that differences in PON concentrations in their study
can influence the ability of HDL to protect LDL from oxidation. Thus, incremental increases in
HDL PON are associated with incremental decreases in the level of LDL hydroperoxides
generated under oxidization conditions. He also concluded that the association between blood
pressure, a prooxidant phenomenon with a demonstrated inhibitory effect on PON, and serum
PON activities and concentrations and its concentrations remain unaltered in normotensive
controls. His data also indicate that lower serum PON levels are associated with increased
severity of hypertension and reduced capacity to protect LDL from oxidation. He is consistent
with the hypothesis that hypertension modifies serum PON such that there is an increased risk of
coronary artery disease, which may be due to a diminished capacity to protect lipoproteins from

oxidative stress.
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CONCLUSION

Oxidative Stress results when their is imbalance between oxidants and antioxidants. Oxidative

stress plays an important role in the pathogenesis of hypertension. From the our study, we

concluded that the alteration occurs in paraoxonase activity, oxidative stress and lipid profile in

patients with hypertension. So there is need to evaluate paraoxonase activity, oxidative stress and

lipid parameters in patients of hypertension.
REFERENCES

1.

10.

Victor RG, Kaplan NM. Systemic hypertension: mechanisms and diagnosis. In: Libby P,
Bonow RO, Maan DL, Zipes DP, eds. Braunwald's Heart Disease: A Textbook of
Cardiovascular Medicine. 8th ed. Philadelphia: Saunders; 2008:1027.

Pickering TG, Ogedegbe G. Epidemiology of hypertension. In: Fuster V, Walsh RA,
O'Rourke RA, Poole-Wilson P, eds. Hurst’s the Heart. 12th ed. New York: McGraw Hill’s;
2008: 1551.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 1zzo JL Jr, et al. Seventh
report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment
of High Blood Pressure. Hypertension. 2003; 42: 1206 — 1252.

Kaplan NM. Primary hypertension: pathogenesis. In: Kaplan NM, ed. Kaplan's Clinical
Hypertension. 9th ed. Philadelphia: Lippincott Williams and Wilkins; 2006: 50 — 121.

Raij L, Hayakawa H, Coffee K, Guerra J. Effect of doxazosin on endothelial dysfunction in
hypercholesterolemic/ antioxidant-deficient rats. Am J Hypertens. 1997; 10: 1257 — 1262.
Messerli FH, Williams B, Ritz E, Essential hypertension, Lancet 370, 591-603, 2007.
Devereux RB, Pickering TG, Alderman MH, Chien S, Borer JS, Laragh JH, Left ventricular
hypertrophy in hypertension: Prevalence and relationship to pathophysiologic variables,
Hypertension 9 (Suppl 1), 53-60, 1987.

Palatini P, Microalbuminuria in hypertension, Curr Hypertens Rep 5, 208214, 2003.

Jensen JS, Feldt-Rasmussen B, Strandgaard S, Schroll M, Borch-Johnsen K, Arterial
hypertension, microalbuminuria, and risk of ischemic heart disease, Hypertension 35, 898—
903, 2000.

Panza JA, Quyyumi AA, Brush JE Jr, Epstein SE, Abnormal endothelium- dependent
vascular relaxation in patients with essential hypertension, N Engl J Med 323, 22-27, 1990.

www.ajphr.com 202


http://www.ajphr.com/

|[Kumar et al., Am. J. Pharm Health Res 2015:3(3) ISSN: 2321-3647|

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Perticone F, Ceravolo R, Pujia A, Ventura G, Lacopino S, Scozzafava A, et al., Prognostic
significance of endothelial dysfunction in hypertensive patients, Circulation 104, 191-196,
2001.

Rodrigo R, Passalacqua W, Araya J, Orellana M, Rivera G, Implications of oxidative stress
and homocysteine in the pathophysiology of essential hypertension, J Cardiovasc Pharmacol
42, 453-461, 2003.

Miyajima K, Minatoguchi S, Ito Y, Hukunishi M, Matsuno Y, Kakami M, et al., Reduction
of QTc dispersion by the angiotensin Il receptor blocker valsartan may be related to its anti-
oxidative stress effect in patients with essential hypertension, Hypertens Res 30, 307-313,
2007.

Becker LB, New concepts in reactive oxygen species and cardiovascular reperfusion
physiology, Cardiovasc Res 61, 461-470, 2004.

Juranek I, Bezek S”, Controversy of free radical hypothesis: reactive oxygen species-cause or
consequence of tissue injury?, Gen Physiol Biophys 24, 263-278, 2005.

N Lakshmana Kumar, J Deepthi, Y N Rao et al. Study of lipid profile, serum magnesium
and blood glucose in hypertension Biology and Medicine, 2 (1): 6-16, 2010

Mora S, Glynn RJ, Ridker PM. High-density lipoprotein cholesterol, size, particle number,
and residual vascular risk after potent statin therapy. Circulation. 2013;128(11):1189-1197
Mackness MI, Hallam SD, Peard T, Warner S, Walker CH. The separation of sheep and
human serum “A”-esterase activity into the lipoprotein fraction by ultracentrifugation. Comp
Biochem Physiol B 1985; 82:675-7.

Reddy ST, Wadleigh DJ, Grijalva V, et al. Human paraoxonase-3 is an HDL-associated
enzyme with biological activity similar to paraoxonase-1 protein but is not regulated by
oxidized lipids. Arterioscler Thromb Vasc Biol 2001; 21:542-7.

Mochizuki H, Scherer SW, Xi T, et al. Human PON2 gene at 7921.3: cloning, multiple
MRNA forms, and missense polymorphisms in the coding sequence. Gene 1998;213 :149-57.
Mackness B, Davies GK, Turkie W, Lee E, Roberts DH, Hill E, et al., Paraoxonase status in
coronary heart disease: are activity and concentration more important than genotype?,
Avrterioscler Thromb Vasc Biol 21, 1451-1457, 2001.

Uzun H, Karter Y, Aydin S, Curgunlu A, Simsek G, Yiicel R, et al., Oxidative stress in white
coat hypertension; role of paraoxonase, J Hum Hypertens 18, 523-528, 2004.

Rosenblat M, Hayek T, Hussein K, Aviram M, Decreased macrophage paraoxonase 2

expression in patients with hypercholesterolemia is the result of their increased cellular

www.ajphr.com 203


http://www.ajphr.com/

|[Kumar et al., Am. J. Pharm Health Res 2015:3(3) ISSN: 2321-3647|

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

cholesterol content: effect of atorvastatin therapy, Arterioscler Thromb Vasc Biol 24, 175-
180, 2004.

Abebe W, Mozaffari MS. Role of taurine in the vasculature:an overview of experimental and
human studies. Am J Cardiovasc Dis 2011; 1(3): 293-311.

Primo-Parmo SL, Sorenson RC, Teiber J, La Du BN. The human serum
paraoxonase/arylesterase gene (PON1) is one member of a multigene family. Genomics
1996;33 :498-507.

Vaziri ND, Liang K, Ding Y. Increased nitric oxide inactivation by reactive oxygen species
in lead-induced hypertension. Kidney Int 1999; 56: 1492-8.

Vaziri ND, Ni Z, Oviesi F et al. Enhanced nitric oxide inactivation and protein nitration by
reactive oxygen species in renal insufficiency. Hypertension 2002; 39: 135-41.

Swei A, Lacy F, De Lano FA, Schmidt-Schonbein GW. Oxidative stress in the Dahl salt-
sensitive rat. Hypertension 1997; 30: 1628-33.

Laursen JB, Rajagopalan S, Galis Z et al. Role of superoxide in angiotensin Il-induced but
not catecholamine-induced hypertension. Circulation 1997; 95: 588-93.

Roggensack AM, Zhang Y, Davidge ST. Evidence for peroxynitrite formation in the
vasculature of women with preeclampsia. Hypertension 1999; 33: 83-9.

Higashi Y, Sasaki S, Nakagawa K et al. Endothelial function and oxidative stress in
renovascular hypertension. N Engl J Med 2002; 346: 1952-4.

Barton CH, Ni Z, Vaziri ND. Enhanced nitric oxide inactivation in aortic coarctation-induced
hypertension. Kidney Int 2001; 60: 1083-7.

Hafidi M, Bafios G. In vivo plasma lipid oxidation in sugar-induced rat hypertriglyceridemia
and hypertension. Hypertension. 1997; 30: 624 — 628.

Pierdomenico SD, Costantini F, Bucci A, Cesare DD, Cuccurullo F, Mezzetti A. Low-density
lipoprotein oxidation and vitamins E and C in sustained and whitecoat hypertension.
Hypertension. 1998; 31: 621 626.

Vaziri ND, Wang XQ, Oveisi F, Rad B. Induction of oxidative stress by glutathione
depletion causes severe hypertension in normal rats. Hypertension. 2000; 36: 142 — 146.
Lerman LO, Nath KA, Rodriguez-Porcel M, Krier JD, Schwartz RS, Napoli C. et al.
Increased oxidative stress in experimental renovascular hypertension. Hypertension. 2001,
37: 541 — 546.

www.ajphr.com 204


http://www.ajphr.com/

|[Kumar et al., Am. J. Pharm Health Res 2015:3(3) ISSN: 2321-3647|

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Donmez G, Derici U, Erbas D, Arinsoy T, Onk A, Sindel S, et al. The effects of losartan and
enalapril therapies on the levels of nitric oxide, malondialdehyde, and glutathione in patients
with essential hypertension. Jpn J Physiol. 2002; 52: 435 — 440.

Piranfar M A, et al. Measurement of Oxidized Low-Density Lipoprotein and Superoxide
Dismutase Activity in Patients with Hypertension Arch Iranian Med 2009; 12 (2): 116 — 120
Toikka JO, Laine H, Ahotupa M, Haapanen A, Viikari JS, Hartiala JJ, et al. Increased arterial
intima-media thickness and in vivo LDL oxidation in young men with borderline
hypertension. Hypertension. 2000; 36:929 — 933.

Quifiones-Galvan A, Pucciarelli A, Fratta-Pasini A, Garbin U, Franzoni F, Galetta F, et al.
Effective blood pressure treatment improves LDL-cholesterol susceptibility to oxidation in
patients with essential hypertension. J Intern Med. 2001; 250: 322 — 326.

Brockes C, Locher R, Bottcher A, Schmitz G, Vetter W. LDL-oxidation and -subgroups in
normo- and hypertensive patients with and without a family history of hypertension. Vasa.
2002; 31: 75 - 80.

Gongora MC, Qin Z, Laude K, Kim HW, McCann L, Folz JR. et al. Role of extracellular
superoxide dismutase in hypertension. Hypertension. 2006; 48: 473 — 481.

Ferroni P, Basili S, Paoletti V, Davi G. Endothelial dysfunction and oxidative stress in
arterial hypertension. Nutr Metab Cardiovasc Dis. 2006; 16: 222 — 233.

Maharjan BR, Jha JC, Vishwanath P, et al. Oxidant—antioxidant Status and Lipid Profile in
the Hypertensive Patients. J Nepal Health Res Counc 2008 Oct;6(13):63-8

Dildar K, Sinem F, Ozden S, et al. Relationship among plasma secretory phospholipase Az,

oxidized low density lipoprotein & paraoxonase activities in hypertensive subjects treated
with angiotensin converting enzyme inhibitors Indian J Med Res 129, April 2009, pp 390-
394

Tietge UJ, Pratico D, Ding T, Funk CD, Hildebrand RB, Van Berkel T, et al. Macrophage-
specific expression of group 1A sPLA2 results in accelerated atherogenesis by incresing
oxidative stress. J Lipid Res 2005; 46 : 1604-14.

Xu XP, Meisel SR, Ong JM, Kaul S, Cercek B, Rajavashisth TB, et al. Oxidized low-density
lipoprotein regulates matrix metalloproteinase-9 and its tissue inhibitor in human monocyte-

derived macrophages. Circulation 1999; 99 : 993-8.

www.ajphr.com 205


http://www.ajphr.com/

|[Kumar et al., Am. J. Pharm Health Res 2015:3(3) ISSN: 2321-3647|

48.

49,

50.

51.

52.

53.

54.

55.

56.

S7.

58.

Rozenberg O, Shih DM, Aviram M. Human serum paraoxonase 1 decreases macrophage
cholesterol biosynthesis: possible role for its phospholipase-A2-like activity and
lysophosphatidylcholine formation. Arterioscler Thromb Vasc Biol 2003; 23 : 461-7.
Aymelek G ,Oxidized low-density protein, interleukin-6 and Tumor necrosis factor alpha
levels and paraoxonase activities in hypertensive patients Turk J. Pharm. Sci. 9 (1), 41-50,
2012

Yildiz A, Gur M, Demirbag R, Yilmaz R, Akyol S, Aslan M, Erel O, Paraoxonase and
arylesterase activities in untreated dipper and non-dipper hypertensive patients, Clinical
Biochemistry 41, 779-784, 2008.

Shekhanawar M, Shekhanawar S, M, Krisnaswamy D, et al. The Role of ‘Paraoxonase-1
Activity’ as an Antioxidant in Coronary Artery Diseases Journal of Clinical and Diagnostic
Research. 2013 Jul, VVol-7(7): 1284-1287.

Saxena T, Agarwal B.K.,Sharma V.K., et al. Paraoxonase Activity in Prehypertension and
its Relation to Oxidative Stress , Biomedical & Pharmacology Journal Vol. 6(2), (2013) 389-
394

Fukai T, Siegfried MR, Ushio-Fukai M, Griendling KK, Harrison DG. Modulation of
extracellular superoxide dismutase expression by angiotensin Il and hypertension. Circ Res.
1999; 85: 23 - 28.

Mackness MI, Mackness B, Durrington PN, Connelly PW, Hegele RA. Paraoxonase:
biochemistry, genetics and relationship to plasma lipoproteins. Curr Opin Lipidol 1996; 7 :
69-76.

Rozenberg O, Rosenblat M, Coleman R, Shib DM, Aviram M. Paraoxonase (PON1)
deficiency is associated with increased macrophage oxidative stress: studies in PON1-
knockout mice. Free Radic Biol Med 2003; 34 : 774-84.

Spirou A, Rizos E, Liberopoulos EN, Kolaitis N, Achimastos A, Tselepis AD, et al. Effect of
barnidipine on blood pressure and serum metabolic parameters in patients with essential
hypertension: a pilot study. J Cardiovasc Pharmacol Ther 2006; 11 : 256-61.

Kumawat M , Sharma T. K., Singh I, Kharb S , Dahiya K , Chugh K et al . Oxidative stress
in patients with hypertension. J Adv Res Bio Sci 2013;5(4):352-356.

Simic DV, Mimic-Oka J, Pljesa-Ercegovac M et al. Byproducts of oxidative protein damage
and antioxidant enzyme activities in plasma of patients with different degrees of essential
hypertension. J Hum Hypertens 2006; 20:149-55.

www.ajphr.com 206


http://www.ajphr.com/

|[Kumar et al., Am. J. Pharm Health Res 2015:3(3) ISSN: 2321-3647|

59.

60.

61.

62.

63.

64.

Laffer CL, Bolterman RJ, Romero JC, Elijovich F. Effect of salt on isoprostanes in salt-
sensitive essential hypertension. Hypertension 2006;47:434-40.

Moreno MU, Jose GS, Fortuno A, Beloqui O, Diez J, Zalba G. The C242TCYBA
polymorphism of NADPH oxidase is associated with essential hypertension. J Hypertens
2006;24:1299-306.

Bhale DV, Hivre MD, Mahat RK, Saudagar A, Mishra D. Study of Oxidative Stress in
Patients with Hypertension . Int J Recent Trends Sci Tech. 2013;9(1):157-158

Goneng A , Hacisevki A, Tavil Y, Cengel A, Torun M. Oxidative stress in patients with
essential hypertension: A comparison of dippers and non-dippers. Eur J Intern Med (2012),
Volume 24, Issue 2, Pages 139-144

Ahmad A, Hossain MM, Singhal U, Islam N. Comparative study of marker of oxidative
stress among normotensive, pre-hypertensive and hypertensive subjects. Biomedical
Research 2013; 24 (4): 491-495.

Kumar A.Correlation of serum paraoxonase activities in known cases of 130 elderly
hypertensive South Asian aged 56-64 years - a hospital based study Asian Pac J Trop Dis
2014; 4(Suppl 1): S330-S335.

T R
E .

==z

AJPHR is

Peer-reviewed

monthly

Rapid publication

Submit your next manuscript at

Qditor@aiphr.com / editor.aiphr@qmail.com/

www.ajphr.com 207


http://www.ajphr.com/

