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ORIGINAL ARTICLE

Role Of Free Radicals In Menopausal Distress
ARORA K S *, GUPTA N **, SINGH R A ***, NAGPAL S ****, ARORA D*****

ABSTRACT
Aim: The aim of the study was to determine the extent of free radical damage in the form of oxidative 
stress and the antioxidant status in postmenopausal females as compared to premenopausal females.
Methods: 100 female subjects (age group 40-50 years) were studied of which 50 were premenopausal 
and 50 postmenopausal.  Oxidative stress was assessed by estimating  malondialdehyde (MDA),  a lipid 
peroxidation product in the form of thiobarbituric acid reactive substances. Antioxidants in the form of 
superoxide  dismutase  (SOD),  glutathione  peroxidase  (GPx),  catalase  (CAT),  vitamin  C  and  E  were 
measured in both the groups. 
Results: On comparative evaluation, SOD, GPx and vitamin C levels were significantly  decreased (p 
<0.001) whereas MDA and CAT levels were significantly increased (p <0.001) in postmenopausal females 
as compared to premenopausal females. However there was no significant difference in levels of vitamin 
E in both the groups (p >0.05). 
Conclusion: Postmenopausal females are exposed to greater risk of oxidative stress as compared to 
premenopausal females and many of the health problems of menopause may be related to increased 
oxidative damage.

Key Words:Menopause, Free radicals, Lipid peroxidation, Antioxidants.
_________________________________________
*Department of Physiology, ***Department of Biochemistry, 
*****Department of Microbiology, Adesh Institute of Medical 
Sciences and Research, Bathinda-151101, ****Department of 
Physiology, Genesis Institute of Dental Sciences and 
Research, 
Ferozepur- 152001, **Department of Physiology, GGS 
Medical 
College, Faridkot- 151203, Punjab, (India).
Correspondence Address: 
Dr. Khushdeep Singh Arora (Asstt. Prof.), Dept of 
Physiology, Adesh Institute of Medical Sciences and 
Research, Bathinda-151101, Punjab, (India).
E-mail: khushdeep@gmail.com, Tel: +91-9878467666

Introduction 
Menopause marks the time in a woman's life when her 
menstruation stops and she is no longer fertile due to 
depletion of ovarian follicles and gradual decrease in 
ovarian  production  of  estrogen  and  other  hormones 
[1].  During  menopause  women  face  various 
physiological,  psychological  and  sociological 
alterations  that  impair  quality of  life  or  may be life 
threatening.  The  adverse  effects  of  menopause  are 
attributed to decrease in estrogen level which leads to 
alterations  in  lipid profile,  body mass  index,  insulin 
levels  and  also  to  increased  risk  of  hypertension, 
cardiovascular  diseases,  osteoporosis,  diabetes 
mellitus,  cancer  and  other  degenerative  changes  in 
postmenopausal  females.  It  has  been  observed  that 
there  is  increased  production  of  free  radicals  after 
menopause  which  is  due  to  sudden  alterations  in 

hormonal  status [2].  These  free  radicals  lead  to 
enhanced oxidative stress. Free radicals are potentially 
harmful  to  almost  all  the  biomolecules  including 
lipids,  carbohydrates  and  proteins  [3].  The  lipids  of 
cell  membranes  are  favourite  targets  of  the  free 
radicals  which  get  oxidized  leading  to  lipid 
peroxidation.  The  lipid  peroxidation  is  specifically 
dangerous  for  the  cell  as  it  propagates  as  a  self-
perpetuating  chain  reaction  [4]. There  are  certain 
naturally  occurring  antioxidants  in  our  body  which 
neutralize  the  effects  of  these  free  radicals  thereby 
protecting  the  body against  their  deleterious  effects. 
These antioxidants can be enzymatic  e.g.  superoxide 
dismutase  (SOD),  Glutathione  peroxidase  (GPx), 
catalase  (CAT)  or  non-enzymatic  which  includes 
Vitamin C and Vitamin E [5].

In this study an effort was done to find out if there is 
any relation between menopause and oxidative stress 
as  enhanced  oxidative  stress  may  be  a  reason  for 
increased  tissue  damage  and  other  physiological 
symptoms that women face after menopause. To assess 
the  level  of  oxidative  stress  we  measured 
malondialdehyde, the end product of lipid peroxidation 
reaction that is produced as a result of damage to cell 
membrane  lipids  by  free  radicals.  To  determine  the 
extent  of  protection  against  these  oxidants,  we 
estimated the levels of antioxidants (SOD, GPx, CAT, 
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Vitamin C and E) in the erythrocytes  and plasma of 
pre- and post-menopausal females.
Materials and Methods
To  conduct  this  study,  100  female  subjects  were 
selected in the age group of 40-50 years out of which 
50 were premenopausal (with no history of menstrual 
irregularities)  and  50  were  postmenopausal  (having 
menopause for more than one year). A narrow range of 
age group was taken to reduce the effect of aging as it 
is an independent factor which can increase oxidative 
stress. The study was conducted in the department of 
Physiology,  Adesh Institute of Medical Sciences and 
Research,  Bathinda  with  approval  of  ethical 
committee. All the selected subjects were healthy and 
were not suffering from any disease like hypertension, 
diabetes  mellitus,  rheumatoid  arthritis,  malignancy, 
collagen  disorders,  or  any  other  disease  that  could 
affect the oxidant status of the body. Also none of the 
subjects was on any medication or taking vitamins or 
mineral  supplements.  A  detailed  history  of  all  the 
subjects  included  in  the  study  was  taken  and  their 
general physical and systemic examination was done. 
Informed consent was taken from all the subjects.

For assessment of various parameters, 10 ml of blood 
was  collected  under  aseptic  conditions  from  the 
antecubital  vein of  the  subjects  in  heparinized vials. 
The  Erythrocytes  were  washed  with  cold  isotonic 
saline and used for estimation of SOD, GPx and CAT 
and the plasma was used for estimation of estradiol, 
MDA,  vitamin  E  and  vitamin  C.  Malondialdehyde 
(MDA) was used as an indicator of lipid peroxidation 
and  was  estimated  in  terms  of  thiobarbituric  acid 
reactive species (TBARS) by the method of Satoh [6]. 
SOD  activity  was  assayed  based  on  the  method  of 
Marklund  and  Marklund  [7].  The  activity  of 
Glutathione Peroxidase was measured as described by 
Paglia  and  Valentine  (8).  CAT  was  measured 
colorimetrically  by  the  method  of  Sinha  (9). 
Concentration of vitamin C was estimated in plasma 
according  to  the  method  of  Natelson  [10]  and 
concentration of vitamin E was estimated by method 
of  Baker  and  Frank [11].  Serum estradiol level  was 
estimated  by  using  ELISA  kits  (Diametra,  Italy) 
according to manufacturer protocol.

Statistical  analysis  was  carried  out  by  Student’s 
paired‘t’-test. The data were expressed as Mean ± SD 
and the p value < 0.05 was taken as significant.

Results
[Table/Fig  1]  shows  the  mean  ±  SD of  the  various 
parameters  studied  in  premenopausal  and 
postmenopausal women. The postmenopausal females 
were  found  to  have  significantly  lower  levels  of 
estradiol  as  compared  to  premenopausal  females. 

There was a statistically significant increase in MDA 
and CAT levels with decrease in levels of SOD, GPx 
and Vitamin C in postmenopausal women as compared 
to  premenopausal  women  while  there  was  no 
significant  variation in  Vitamin  E levels  in  both the 
groups.

Discussion
Menopause is characterized by a number of untoward 
effects  like hot  flushes,  palpitations,  angina pectoris, 
psychogenic alterations, senile vaginitis, osteoporosis, 
degenerative  arthropathy,  hirsutism,  etc.  [12].  The 
pathophysiology  of  menopause  is  attributed  to 
decreased  levels  of  estrogen.  Estrogen  is  known  to 
have  antioxidant  properties  and  its  deficiency  after 
menopause  predisposes  the  body  to  increased  free 
radical damage (13). Estrogen acts as an antioxidant by 
preventing oxidation of LDL lipoproteins, terminating 
the  lipid  peroxidation  chain  reaction  and  may  also 
stimulate the action of other antioxidant enzymes [14].

In this study we observed that the levels of MDA were 
significantly increased in  postmenopausal  females  as 
compared to premenopausal females. Similar results of 
increased  lipid  peroxidation  have  been  observed  in 
ovariectomized rats used as an oxidative stress model 
[15]. Lipid peroxidation occurs as a result of oxidative 
destruction  of  polyunsaturated  fatty  acids  (PUFAs) 
located in cell membranes that are readily attacked by 
oxidizing radicals [4]. The lipid peroxidation proceeds 
as  self-perpetuating  chain  reaction  to  form  lipid 
peroxides  and  aldehydes  like  MDA  which  are 
cytotoxic  and  mutagenic  [16].  Moreover,  lipid 
peroxidation has been implicated in a wide range of 
tissue  injuries  and  diseases  e.g.  atherosclerosis  and 
coronary artery disease.

Antioxidants like SOD, GPx and Catalase are present 
in erythrocytes which prevent lipid peroxidation. The 
present study shows that levels of SOD and GPx were 
significantly decreased and that of CAT was increased 
in  postmenopausal  females.  Similar  reports  of 
decreased  antioxidant  enzyme  activities  have  been 
reported in postmenopausal females by other authors 
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[17].  The  antioxidant  enzyme  superoxide  dismutase 
(SOD), the most important enzyme present virtually in 
all  aerobic  organisms,  catalyzes  the  dismutation  of 
superoxide  into  oxygen  and  hydrogen  peroxide. 
Glutathione  peroxidase  is  a  selenoenzyme  which 
catalyzes  the  reduction  of  hydroperoxides  at  the 
expense of reduced glutathione. Catalase is a primary 
antioxidant defense component that works to catalyze 
the  decomposition  of  hydrogen  peroxide  to  water, 
sharing  this  function  with  GPx  [5].  SOD  and  GPx 
concentrations are reduced as they continuously work 
to neutralize the superoxides, hydrogen peroxide and 
hydroperoxides  produced  in  increased  amount  after 
menopause.  Levels  of  CAT  were  observed  to  be 
increased which may be explained by the fact that the 
activity of  catalase  increases when the level  of  GPx 
decreases because they both work together to perform 
similar task of neutralizing hydrogen peroxide [18].

We  observed  a  significant  decrease  in  the  levels  of 
plasma  vitamin  C  in  postmenopausal  females  as 
compared to premenopausal  females while there was 
no difference in vitamin E levels in both the groups. 
The  decrease  in  the  levels  of  vitamin  C  in 
postmenopausal females might be due to its increased 
consumption  to  counteract  the  increased  oxidative 
stress  and  to  inhibit  membrane  lipid  peroxidation. 
Because  of  antioxidant  properties,  vitamin  E 
neutralizes  reactive  oxygen  species  and  reduces 
oxidative  DNA damage  and  genetic  mutations  [19]. 
Vitamin  C  can  restore  the  antioxidant  properties  of 
oxidized vitamin E, suggesting that a main function of 
vitamin C is to recycle the vitamin E radical [20]. This 
may  result  in  decreased  levels  of  vitamin  C  while 
maintaining the normal activity of vitamin E. 

Conclusion
It  is  evident  from this  study  that  there  is  enhanced 
oxidative stress and decreased antioxidant defence in 
postmenopausal  females  as  compared  to 
premenopausal  females  which can play an important 
role in the pathogenesis of the various diseases related 
to menopause.  Therefore antioxidants in the form of 
micronutrients  and  vitamins  can  be  given  as 
supplements in postmenopausal women along with or 
as a substitute to hormone replacement therapy which 
itself is associated with serious side effects.

References
[1] Menopause. The Columbia Encyclopedia, Sixth Edition, 

2005 July 6.

[2] Miquel  J,  Ramírez-Boscá A,  Ramírez-Bosca JV,  Alperi 
JD. Menopause: a review on the role of oxygen stress 
and  favorable  effects  of  dietary  antioxidants.  Arch 
Gerontol  Geriatr.  2006  May-Jun;42(3):289-306.  Epub 
2006 Jan 26.

[3] B  Halliwell.  Tell  me  about  free  radicals,  doctor:  a 
review. Journal of the Royal Society of Medicine 1989; 
Volume 82: 747-52.

[4] Svingen  BA,  Buege  JA,  O’Neal  FO  and  Aust  SD.  The 
mechanism of NADPH-dependent lipid peroxidation. J 
Biol Chem 1979; 254(13): 5892-99.

[5] Cotgreave  I,  Moldeus  P  and  Orrenius  S.  Host 
biochemical  defense mechanisms against prooxidants. 
Annu Rev Pharmacol Toxicol 1988; 28: 189-212.

[6] Satoh  K.  Serum  lipid  peroxide  in  cerebrovascular 
disorders  determined by a new colorimetric  method. 
Clin Chem Acta 1978; 90: 37-43.

[7] Marklund S, Marklund G. Involvement of the superoxide 
anion radical  in  the auto-oxidation and a convenient 
assay for SOD. Eur J Biochem 1974; 47: 469-74.

[8] Paglia DE, Valentine WN. Studies on the quantitative 
and  qualitative  characterization  of  erythrocyte 
glutathione peroxidase. J Lab Clin Med 1967; 70: 158-9.

[9] Sinha KA. Colorimetric assay of catalase. Anal Biochem 
1972; 47:389-94.

[10] Natelson  S.  Ascorbic  acid.  In  techniques  of  clinical 
chemistry, 3rd Edition, Charles C Thomas, Illinios USA 
1971; 162-5.

[11] Baker,  Frank.  Vitamin  E.  In  clinical  vitaminology 
methods & interpretation, Interscience publishers, New 
York 1968; 169-76.

[12] Utian  WH.  Current  status  of  menopause  and 
postmenopausal estrogen therapy. Obstet Gynecol Surv 
1977; 32 (4): 193-204.

[13] Schwenke  DC.  Aging,  menopause,  and  free  radicals. 
Semin Reprod Endocrinol. 1998; 16(4): 281-308.

[14] Bednarek-Tupikowska  G.  Antioxidant  properties  of 
estrogens. Ginekol Pol. 2002 Jan;73(1):61-7.

[15] Ha BJ. Oxidative stress in ovariectomy menopause and 
role of chondroitin sulfate. Arch Pharm Res. 2004 Aug; 
27(8): 867-72.

[16] Lipid  peroxidation-DNA  damage  by  malondialdehyde. 
Marnett LJ. Mutation research 1999 Mar 8;424(1-2):83-
95.

[17] Marija, Sloboda, Gordana. Menopause, coronary artery 
disease  and  antioxidants.  Clinical  chemistry  and 
laboratory medicine 2001, vol. 39, no7, pp. 641-644.

[18] Olivier  Baud,  Amanda  E.  Greene,  Jianrong  Li,  Hong 
Wang,  Joseph  J.  Volpe,  and  Paul  A.  Rosenberg. 
Glutathione  Peroxidase-Catalase  Cooperativity  Is 
Required  for  Resistance  to  Hydrogen  Peroxide  by 
Mature  Rat  Oligodendrocytes.  The  Journal  of 
Neuroscience,  February  18,  2004,  24(7):1531-1540; 
doi:10.1523/J.Neurosci.3989-03.2004.

[19] Traber  MG,  Atkinson  J  Vitamin  E,  antioxidant  and 
nothing more". Free Radic. Biol. Med 2007; 43 (1): 4–
15.

[20] Harats  D,  Chevion  S,  Nahir  M,  Norman  Y,  Sagee  O, 
Berry  EM.  Citrus  fruit  supplementation  reduces 
lipoprotein  oxidation  in  young  men  ingesting  a  diet 
high  in  saturated  fat:  presumptive  evidence  for  an 
interaction between vitamins C and E in vivo. Am J Clin 
Nutr 1998;67:240–5.

Journal of Clinical and Diagnostic Research. 2009 Dec ;(3):1900-1902


	ARORA K S *, GUPTA N **, SINGH R A ***, NAGPAL S ****, ARORA D*****
	ABSTRACT
	Introduction 
	Materials and Methods
	Discussion

