
Ind ian  J  Phys io l  Pharmaco l  2008 ;  52 (3) :  283–287

*Corresponding Author : Dr .  Har i  Dev  Khanna ,  Professor  o f  B iophys ics  & Former  Head ,  Depar tmen t
o f  B iophys ics ,  Ins t i tu t e  o f  Medica l  Sc iences ,  Banaras  Hindu  Unive r s i ty ,
Varanas i  –  221  005 ;  hdkhanna@yahoo .co . in

OXIDATIVE STRESS IN HYPERTENSION :  ASSOCIATION
WITH ANTIHYPERTENSIVE TREATMENT

H. D. KHANNA, M. K. SINHA*, S. KHANNA AND R. TANDON*

Departments of  Biophysics and *Medicine,
Insti tute of  Medical Sciences,
Banaras  Hindu Univers i ty ,
Varanasi – 221 005

( Received on Apri l  5 ,  2008 )

Abstract :  There is growing evidence that oxidative stress contributes to
the pathogenesis of hypertension. Our aim was to measure oxidative stress
in hypertensive subjects ,  and assess the potential  confounding influences
of antihypertensive therapy. Serum malondialdehyde and antioxidant levels
were  es t imated  in  pa t ien ts  a t  the  t ime of  presenta t ion  and  a lso  af te r  a
an t ihyper t ens ive  the rapy  fo r  3  months .  Dur ing  the  pe r iod  o f  s tudy  no
antioxidant/s was given   to the patients and control subjects. Mean blood
pressure  va lues  were  a l t e red  in  the  hyper tens ive  pa t i en t s  fo l lowing
antihypertensive therapy from their respective values observed at the time
of presentation. Serum malondialdehyde levels were significantly higher in
the hypertensive patients in comparison to control  cases.  The antioxidant
activity of enzymes super oxide dismutase, glutathione and non enzymatic
antioxidant levels of vitamins E and C were significantly lower in patients
compared to controls. After 3 months of antihypertensive treatment all the
above  pa ramete r s  showed  reversa l  in  the  respec t ive  l eve l s  o f  se rum
malondia ldehyde  and  an t iox idan t  ac t iv i ty .  Ant ihyper tens ive  medica t ions
lower the blood pressure and thereby resul ts  in  reduced oxidat ive s t ress
which  ind ica tes  tha t  ox ida t ive  s t r e s s  i s  no t  the  cause ,  bu t  r a the r  a
consequence ,  of  hyper tens ion .
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INTRODUCTION

Hypertension is associated with increased
vascular  oxidative stress;  however,  there is
st i l l  a  debate whether  oxidat ive s tress is  a
cause  or  a  resu l t  o f  hyper tens ion .  Animal
s tud ies  have  genera l ly  suppor ted  the
hypothesis that ,  increased blood pressure is
assoc ia ted  wi th  increased  oxida t ive  s t ress ;

however ,  human  s tud ies  have  been
inconsis tent  (1) .  Oxidat ive  s t ress  promotes
vascular smooth muscle cell proliferation and
hypertrophy and collagen deposition, leading
to  th icken ing  of  the  vascu la r  media  and
nar rowing  of  the  vascu la r  lumen (1) .  In
addi t ion ,  inc reased  ox ida t ive  s t ress  may
damage  the  endothe l ium and  impai r  the
endothe l ium-dependent  vascu la r  re laxa t ion
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and increases vascular contractile activity (1).
Al l  these  e f fec t s  on  the  vascu la ture  may
explain  how increased oxidat ive  s t ress  can
cause  endothe l ia l  dys func t ion .  Trea tment
wi th  an t iox idan t  supplements  have  fa i l ed
to  show any  cons i s ten t  benef i t  (1 ) .  Our
a im was  to  measure  markers  o f  ox ida t ive
s t ress  in  hyper tens ive  pa t ien t s ,  and  to
assess  the  in f luence  of  an t ihyper tens ive
t h e r a p y .

MATERIAL AND METHODS

The present  s tudy includes  50 cases  of
hyper tens ive  pa t ien t s  se lec ted  f rom the
outpa t ien t  Depar tment  o f  Medic ine ,  S i r
Sunder  La l  Hosp i ta l ,  Banaras  Hindu
Univers i ty ,  and  Varanas i  accord ing  to  the
criteria of the VI Joint National Committee
(2) .  Cl in ica l  assessment  inc luded  medica l
history and physical examination. 20 healthy,
normotens ive  ind iv idua ls  matched  for  age
and  sex  wi th  b lood  pressure  ≤ 140/90  mm
Hg were  se lec ted  as  a  con t ro l  g roup .
Pa t ien t s  were  on  β -b lockers  and  d iure t i cs
(an t ihyper tens ive  medica t ion)  wi thout  any
ant ioxidants  for  a  per iod  of  three  months .
The  ant ihyper tens ive  therapy comprised  of
50  mg a tenolo l  combined  wi th  12 .5  mg
hydroch loro  th iaz ide .  Both  con t ro l  and
pa t ien t s  were  counse led  fo r  adequa te
nutrition through a balanced and varied diet
comprising of diet rich in high potassium 7
g/day,  low in saturated fat ,  sugar and sal t .
Pa t ien t s  as  wel l  as  con t ro l s  were  adv ised
high  po tass ium food  such  as  f ru i t s ,
vegetables ,  and low fat  diary foods- low in
saturated fat,  total fat,  and cholesterol with
reduced  sa l t  and  sod ium in  the  d ie t .
In formed consen t  o f  each  par t i c ipan t  was
obtained for induction into purely scientific
enquiry necessi ta t ing blood samples .

Blood pressure measurement

Blood  pressure  o f  the  pa t ien t s  was
measured with a mercury sphygmomanometer
in the sitting position after 5 minutes of rest
in  a  qu ie t  env i ronment  fo l lowing  the
recommendations of the British Hypertension
Society (3).  Mean of 3 readings of systolic
b lood  pressure  (SBP)  and  d ias to l ic  b lood
pressure (DBP) (Korotkoff phase I and phase
V,  respec t ive ly)  were  t aken  a t  5 -minutes
in t e rva l .

Collection of blood sample

About 7 ml of fasting venous blood sample
was collected from each pat ient  as  well  as
cont ro l  sub jec t s .  Serum malondia ldehyde
leve l  a long  wi th  enzymat ic  ( superox ide
dismutase,  glutathione peroxidase) and non-
enzymat ic  (v i tamin  E  and  C)  an t iox idan t
levels were assayed from the serum of each
sample .

Oxidative stress, enzymatic antioxidants and
vi tamin  assay

Serum malondia ldehyde  leve l s  in  the
pa t ien t s  and  con t ro l  were  assayed  by
thiobarbituric acid technique of Philpot (4).
Assay of super oxide dismutase (SOD) was
based on the ability of the enzyme to inhibit
the  au to  ox ida t ion  of  pyroga l lo l  (5 ) .  The
enzyme inhibition caused by the serum was
ca lcu la ted  and  the  enzyme ac t iv i ty  was
expressed  in  mg pro te in /ml  of  se rum.
Glutathione peroxidase (GSH) determination
was performed using El lman’s  reagent  (6) .
The value of GSH was expressed in µM of
DTNB conjugated/mg of  pro te in .  Assay  of
vi tamin E was es t imated us ing the  method
of  Baker  and Frank (7) .  Serum tocopherol
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decline in the elevated values of superoxide
d ismutase ,  g lu ta th ione  peroxidase ,  v i tamin
E and C activity.

DISCUSSION

The presen t  s tudy  demons t ra tes
antihypertensive therapy causes decrease in
the blood pressure and serum MDA levels of
the  hyper tens ive  pa t ien t s .  Fo l lowing
ant ihyper tens ive  medica t ion  there  was
reduc t ion  in  the  ox ida t ive  s t ress .  S imi la r
s tud ies  us ing  nonspec i f ic  markers  o f
ox ida t ive  damage  have  observed  h igher
superoxide and hydrogen peroxide production
in hypertensive subjects ,  which returned to
leve l s  observed  for  con t ro l  sub jec t s  a f te r
b lood  pressure  reduc t ion  (9) .  Russo  e t  a l .
(10)  showed tha t  essent ia l  hyper tens ion  i s

level was assayed by the technique of Denson
and Bower (8). Student’s t test was employed
for the statistical analyses of data to compare
each  group .  The  da ta  were  p resen ted
as  mean ± SEM.  Pearson’s  cor re la t ion
coef f ic ien t  was  used  to  compare  the
cor re la t ions .

RESULTS

Fif ty  cases  o f  hyper tens ion  in  the  age
group of 56±9 years were compared with 20
hea l thy  normotens ive  con t ro l  ind iv idua ls .
Mean blood pressure of  the pat ients  in the
s tud ied  group  a t  the  t ime  of  p resen ta t ion
varied from 150/96 to 200/120 mm Hg. Five
pa t ien t s  (10%)  had  mi ld  hyper tens ion  and
were  asymptomat ic .  23  (46%) pat ients  had
modera te  hyper tens ion  and  22  (44%) were
having  severe  hyper tens ion  in  the  s tud ied
group .  Headache  was  the  mos t  common
symptom in  the  hyper tens ive  pa t ien t s ,
fo l lowed  by  res t l essness ,  pa lp i ta t ion ,
d izz iness ,  dyspnoea  and  easy  fa t igab i l i ty .
Dys l ip idemia  was  presen t  in  19  (38%)
patients.  Most of the patients had increased
levels of LDL and cholesterol, and decreased
levels of HDL.

Before  the  an t ihyper tens ive  therapy
serum malondialdehyde level was significantly
raised in hypertensive patients in comparison
to the control  cases  (Table  I ) .  Ant ioxidant
enzyme ac t iv i ty  o f  superox ide  d i smutase ,
g lu ta th ione  perox idase  and  non  enzymat ic
an t iox idan t  ac t iv i ty  l eve l s  o f  v i t amin  E
and  v i tamin  C were  s ign i f ican t ly  lower
in  pa t ien t s  (Table  I ) .  Ant ihyper tens ive
medications for a period of three months to
the  hyper tens ive  pa t ien t s  lowered  the i r
b lood  pressure  a long  wi th  the  se rum
malondia ldehyde  leve ls .  Also ,  there  was  a

TABLE I : Se rum MDA leve l  and  an t iox idan t
Enzyme act iv i t ies  in  control  and essent ia l
hyper tens ion  cases  wi thou t  and  wi th
an t ihyper tens ive  t r ea tment .

Hypertensive Patients
Variables Control (n=50)

(n=20)
Pre- Post-

t reatment treatment
(after 3
m o n t h s )

MDA 0.21± 0.53 0.33± 0.07* 0.23± 0.06#

(m Mol/L)

SOD (mg 20.12± 3.65 6.93± 1.35* 10.66± 2.91#

protein/ml
of serum)

GSH (µM 0.13± 0.03 0.05± 0.01* 0.09± 0.02#

of DTNB
conjugated/
ml of protein)

Vitamin E 11.84± 1.21 9.58± 1.46* 11.02± 1.44#

(mg/L)

Vitamin C 2.12± 1.81 1.89± 0.23* 1.97± 0.24#

(mg/dl)

Pre - t r ea tment  vs .  con t ro l  *P<0 .01 .
Pos t - t r ea tment  vs .  p re - t rea tment  #P<0 .01 .
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assoc ia ted  wi th  g rea te r  than  normal
l ipoperox ida t ion  and  an  imbalance  in
antioxidant status,  suggesting that oxidative
s t ress  i s  impor tan t  in  the  pa thogenes i s  o f
essential  hypertension or in arterial  damage
related to essential hypertension. Reductions
in  superox ide  d i smutase  and  g lu ta th ione
perox idase  ac t iv i ty  have  been  observed  in
newly  d iagnosed  un t rea ted  hyper tens ive
subjects compared with control subjects, with
superoxide dismutase activity being inversely
cor re la ted  wi th  b lood  pressure  wi th in  the
hypertensive group, but not control subjects
(11) .  Higher  p roduc t ion  of  hydrogen
peroxide has also been observed in t reated
and  un t rea ted  hyper tens ive  sub jec t s
compared with  normotensive  subjects ,  wi th
a  s igni f icant  corre la t ion  between hydrogen
peroxide  levels  and systol ic  blood pressure
(12).

There is growing evidence that increased
oxida t ive  s t ress  and  assoc ia ted  ox ida t ive
damage are mediators of  vascular  injury in
card iovascu la r  pa tho log ies ,  inc lud ing
hypertension,  atherosclerosis ,  and ischemia-
reper fus ion  (13) .  Increased  produc t ion  of
superoxide anion and hydrogen peroxide has
been  demons t ra ted  in  exper imenta l  and
human hyper tens ion.  This  development  has
evoked considerable interest  because of the
possibi l i t ies  that  therapies  targeted agains t
reactive oxygen intermediates by decreasing
generation of reactive oxygen species and/or
by  increas ing  ava i lab i l i ty  o f  an t iox idan ts ,
may be useful in minimizing vascular injury
and hypertensive end organ damage (13). The
endothe l ia l  dys func t ion  assoc ia ted  wi th
hyper tens ion  and  d iabe tes  l eads  to  an
increase  in  f ree  rad ica l  fo rmat ion  and
enhances oxidation of low density lipoproteins

[LDL]  (14 .15) .  Convent iona l  ox id izab i l i ty
assay is based on measurement of conversion
of  po lyunsa tura ted  fa t ty  ac id  o f  LDL
to  hydroperox ides .  L ip id  hydroperox ides
decompose  to  fo rm a  var ie ty  o f  p roduc ts
including malondialdehyde. Malondialdehyde
is used as an indicator of oxidative damage
of cells and tissues.

Unlike the findings in animal models, the
assoc ia t ion  be tween  ox ida t ive  s t ress  and
hyper tens ion  in  humans  i s  less  cons i s ten t ,
and  resu l t s  vary  depending  on  the  marker
of  ox ida t ive  damage  be ing  inves t iga ted
(16) .  Thus ,  the  ev idence  to  suppor t  us ing
an t iox idan ts  as  a  b lood  pressure– lower ing
agent  i s  l imi ted .  I t  i s  no te  wor thy  tha t
an t ihyper tens ive  d rug  therapy ,  in  add i t ion
to  the  b lood  pressure– lower ing  proper t ies ,
also has beneficial effects on both oxidative
s t ress  and  endothe l ia l  func t ion .  Trea tment
wi th  a  β -b locker  o r  ang io tens in  recep tor
blockers has been shown to reduce both blood
pressure  and  markers  of  ox ida t ive  damage
(17).  Similarly,  other studies have reported
beneficial effects on blood pressure, oxidative
s t ress ,  and  endothe l ia l  func t ion  a f te r
t rea tment  wi th  ACE inh ib i to rs  (18)  o r
calcium antagonists  (19).

In  conc lus ion  ox ida t ive  s t ress  i s
assoc ia ted  wi th  hyper tens ion ;  however ,  i t
i s  unc lear  whe ther  reac t ive  oxygen
spec ies  in i t i a te  the  deve lopment  o f
hypertension,  or  i f  they are  a  consequence
of  the  vascu la r  damage  observed  in
hyper tens ion .  The  po ten t ia l  va lue  o f
an t iox idan t  supplements  to  reduce  b lood
pressure  v ia  reduct ions  in  oxida t ive  s t ress
is limited. In some cases, their use may even
be  de t r imenta l .
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