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Background: Though there are experimental and clinical evidences regarding oxidant-antioxidant
disturbance in obese subjects, clinical data supporting the same in Indian male subjects is lacking. The
objective of the present study was to verify the oxidative stress status of male subjects classified as
obese according to the WHO guidelines for Asians.

Methods: Thirty six obese men with BMI between 25-30 Kg/m? and 30 non-obese men with BMI <
25 Kg/m? were enrolled in the study. Malondialdehyde, reduced glutathione, glutathione peroxidase,
catalase, fasting glucose and body mass index were assessed in both the groups.

Results: Plasma MDA and erythrocyte activity of glutathione peroxidase were significantly increased
in the obese subjects when compared with controls. The levels of reduced glutathione were
significantly reduced in the obese group when compared with controls. Among the obese group, BMI
was significantly associated with MDA and glutathione peroxidase. Further among the obese subjects,
glutathione peroxidase correlated significantly with MDA. A significant negative correlation was
obtained between MDA and GSH in obese subjects.

Conclusion: The data from the present study indicates a significant perturbation of the oxidant —
antioxidant status in Indian males considered as obese according to the preliminary WHO guidelines
for Asians. The increase in oxidative stress and glutathione peroxidase activity in obesity may
contribute towards its pathological complications.
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Obesity is characterized by increased adipose
tissue mass resulting from a chronic energy
imbalance between energy intake and energy
expenditure (Tataranni, Ravussin 2002). It is widely
accepted that both genetic and environmental
factors (such as diet) can predispose individuals to
the development of obesity (Pi-Sunyer, 2002).
Although body mass index (BMI) is the most

frequently used index of obesity, it does not reflect
fatness uniformly in all populations, and
Caucasians have higher BMI than the Asians
(Deurenberg et al, 1998). This has promoted the
World Health Organization to issue preliminary
Asian obesity guidelines, in which it is
recommended to consider Asians as obese if their

BMI is > 25 kg/m? (WHO, 2000).
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The increasing prevalence of obesity in recent
decades as a public health problem in both
developed and developing countries is of concern,
given the comorbidities of this condition. Obesity is
recognized as a risk factor for insulin resistance,
which can lead to major diseases, such as type 2
diabetes and cardiovascular disease (Tataranni,
2002; Nielsen, Jensen, 1997). A common
pathological process associated with these disease
conditions is oxidative stress (Evans et al, 2002;

Soccio et al, 2005).

The role of oxidative stress and reactive oxygen
species (ROS) in the pathophysiology of obesity
has been recently the focus of many investigations
(Vincent, Taylor, 2006; Atabek et al, 2004; Vincent
et al, 2007). Under physiological conditions, ROS
produced in the course of normal metabolism are
fully inactivated by an elaborate cellular and
extracellular antioxidant defence system. Oxidative
stress occurs when redox homoeostasis within the
cell is altered. This imbalance may be due to either
an overproduction of ROS or deficiency of an
antioxidant system (Yu, 1994). Among these, the
enzymes glutathione peroxidase and catalase act as
important endogenous antioxidants. Antioxidant
enzymes play a crucial role in determining
individual risk of developing certain diseases, such
as cancer and atherosclerosis (Flora, 2007).
Reduced glutathione (GSH), catalase and
glutathione peroxidase play important roles in
neutralizing the deleterious effects of peroxides

(Mates et al, 1999).

Even though a number of studies in the
literature have shown the presence of oxidative
stress in obese individuals from other ethnic groups
(Flora, 2007; Mates et al, 1999; Reitman et al,
2002; Olusi, 2002), little information is available on

the activity of glutathione peroxidase, catalase
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activity and glutathione concentration in obese
individuals from the Indian subcontinent. As
oxidative stress can be modulated by nutritional,
genetic and environmental factors, it was deemed
pertinent to study the erythrocyte glutathione
peroxidase, catalase activity and reduced
glutathione along with lipid peroxides in
normotensive, non-diabetic obese Indian subjects
and to evaluate their association with BMI. To our
knowledge, this is the first study to compare these
parameters in obese and non-obese Indian subjects

defined using WHO Asia Pacific guidelines.
MATERIALS AND METHODS
Subjects

The study population consisted of 36 obese
male subjects with a BMI between 25 to 30 Kg /m?
and 30 non-obese age matched subjects (BMI < 25
Kg /m?). Subjects with history of diabetes,
hypertension and any infection were excluded from
the study. Informed consent was obtained from all
individuals after the purpose and nature of the study
had been explained. This study was approved by the
ethics committee of our institute. Body weight and
height of the participants were measured. BMI was
calculated as weight in kilogram divided by squared

height in meter.
Sample collection:

After subjects had fasted overnight for at least
eight hours, blood (5 ml) was drawn and collected
in EDTA bottles. Whole blood was used for the
estimation of hemoglobin and reduced glutathione.
Plasma was collected from the rest of the sample by
centrifuging at 5000 rpm for 5 minutes at 4°C.
Plasma glucose levels were estimated immediately.
Erythrocytes were washed with cold saline 3 times
and then were lysed with cold distilled water (1 in 5
dilutions). This lysate was used for the estimation

of glutathione peroxidase and catalase activity.
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Analytical methods:

Whole blood glutathione was determined as
described by Beutler et al (1963). Hemoglobin
content of blood was  estimated by
cyanmethemoglobin method of Drabkin et al
(1932). Fasting plasma glucose was measured by
fully automated glucose oxidase method in Ciba
Corning 550 express plus. Glutathione peroxidase
activity in RBC was determined according to the
method of Wendell (1981). Catalase was estimated
in erythrocyte by the method of Aebi (1984).
Plasma MDA measured as TBARS was estimated
by the method of Yagi (1984).

Statistical analysis:

Results were statistically analyzed by SPSS
version 10. Student’s t-test was used to assess the
significance of difference between the groups. All
results are presented as mean + S.D. A ‘p’ value of

less than 0.05 was considered significant.
RESULTS

The clinical characteristics of the subjects are
shown in Table 1. As shown in the table the study
groups were well matched for age distribution with

respect to their control group. There was no

significant difference in the levels of fasting blood
glucose between the study groups. As shown in
Table 1, the levels of whole blood glutathione were
reduced among obese subjects when compared with
controls. The erythrocyte glutathione peroxidase
activity was higher in the test subjects compared
with the control group. The levels of whole blood
glutathione were significantly reduced among obese
subjects when compared with controls. The levels
of lipid peroxidation measured as MDA was
significantly increased in the obese test group when
compared with that of controls. But, there was no
significant difference in activity of erythrocyte

catalase between the study groups.

When Pearson correlation was performed,
glutathione peroxidase correlated significantly with
BMI (r = 0.394, p = 0.017; figure 1). Similarly,
MDA had a significant association with BMI (r =
0.483, p = 0.003; figure 2). Apart from the
significant association with BMI, MDA had a
significant correlation with both glutathione
peroxidase (r = 0.603, p = < 0.001; figure 3) and
reduced glutathione ( r = - 0.466, p = 0.004; figure
4).

Table 1: Anthropometric and biochemical characteristics of the study subjects

Parameters Control Obesity
(n=30) (n=36)
Age(yrs) 3549 37+£8
BMI(kg/m?) 22.0+ 1.88 26.97 £ 1.47**
Waist/Hip ratio 0.89 +0.04 0.93 + 0.02**
Systolic Blood pressure (mm Hg) 117+5 120+ 8
Diastolic Blood pressure (mm Hg) 76 £5 79+6
Plasma glucose (mg/dl) 86.17 £17.75 93.30 + 16.04
MDA (umol/L) 246 +£1.20 3.26 £ 1.74*
GSH(mg/g Hb) 3.58+1.26 2.83 +£1.28*
Glutathione -Peroxidase(u/g Hb) 44.84 +27.93 87.23 £ 42.46**
Catalase( k/ml) 25.29+12.13 22.22+11.04
*p <0.05 and ** p <0.01 compared to controls
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Figure 1: Linear regression analysis of glutathione peroxidase and BMI in obesity (r = 0.40, p=0.017).
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Figure 2: Linear regression analysis of MDA and BMI in obese Indian subjects (r =0.483, p = 0.003).
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Figure 3: Linear regression analysis of MDA and glutathione peroxidase in obese subjects (r = 0.603, p =
0.001).
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Figure 4: Linear regression analysis of MDA and GSH in obese Indian subjects (r =-0.47, p = 0.004).

DISCUSSION that oxidative stress, defined as an imbalance

) ) ) o between oxidants and antioxidants in favor of the
There is an overwhelming evidence to indicate
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former, leads to many biochemical changes and
these are important pathological mediators in a wide
spectrum of human disease (Vincent, Taylor, 2006).
Oxygen free radicals are highly reactive and attack
almost every cell component causing damage to the

surrounding tissues (Vincent et al, 2007).

The most deleterious impact of oxidative stress is
lipid peroxidation, which has been implicated in the
pathogenesis of numerous diseases including
atherosclerosis, diabetes, cancer, and aging
(Spiteller, 2007). Lipid peroxidation is a chain
reaction initiated by the hydrogen abstraction or
addition by oxygen radicals, resulting in the
oxidative deterioration of polyunsaturated fatty acids
(Cheng, Li, 2007). Several previous studies have
reported significant increase in the levels of lipid
peroxides in obese subjects of different ethnic
groups (Mates et al, 1999; Yesilbursa et al, 2005;
Zwirska-Korczala et al, 2003; Mohn et al, 2005).
This study demonstrates an elevated concentration
of MDA in obese Indian subjects, which reflects in
vivo oxidative damage to lipids. Apart from finding
increased MDA levels in obese, we found a
significant correlation between the levels of MDA
and BMIL. This is in agreement with other studies
reporting a significant association between MDA a
marker of oxidative stress with BMI in obese
subjects (Zwirska-Korczala et al, 2003; Mohn et al,
2005) and it has also been suggested that obesity on
its own is an independent risk factor for plasma lipid

peroxidation (Mates et al, 1999).

Among the elaborate antioxidant defence system
of erythrocyte, the primary catalytic cellular defense
that protects cells and tissues against lipid
peroxidation is the glutathione peroxidase enzyme
(Arthur, 2000). Glutathione peroxidase is a selenium
containing enzyme having single seleno-cysteine

residue in each of the four identical subunits, which
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are essential for enzyme activity. It has been
observed that glutathione peroxidase can be rapidly
induced in some conditions where cells or organisms
are exposed to oxidative stress (Lu et a/, 1993). The
increased glutathione peroxidase activity of obese
subjects in the present study may be interpreted as
compensatory mechanism due to increased lipid
peroxidation. Because it has been shown that
glutathione peroxidase is more potent on a molar
basis than catalase and other antioxidant enzymes to
protect cells from oxidative stress (Lu et al, 1993), it
can be hypothesized that body tends to combat stress
by over expressing glutathione peroxidase gene as
the first line of defense in obese subjects. However,
the marked increase in the activity of this enzyme is
not sufficient to protect cells during oxidant
exposure, since increased MDA levels indicate that
oxidative damage has already occurred. In addition
to the increased glutathione peroxidase activity in
obese subjects we have also found significant
positive association of glutathione peroxidase with
BMI and MDA. McClung et al have reported that
transgenic mice  over-expressing  glutathione
peroxidase become heavier than the wild type mice
(McClung et al, 2004). It has also been
demonstrated that the glutathione peroxidase over
expressed  mice  developed  hyperglycemia,
hyperinsulinemia, and elevated plasma leptin
concentrations, as well as reduced phosphorylation
of Akt (a kinase downstream of the insulin receptor)
in both liver and muscle after insulin stimulation. It
has been postulated that increased glutathione
peroxidase activity might over quench intracellular
reactive oxygen species that are required for the
insulin signaling (McClung et al, 2004). This finding
is also supported by the report of Li et al that B-cell-
catalase  and

specific  overexpression  of

metallothionein in mice results in accelerated
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spontaneous diabetes and altered insulin signaling
(Li et al, 2006). Thus, it can be speculated that the
increased glutathione peroxidase activity seen in
obese subjects may act as cofactor in the

development of insulin resistance in these subjects.

Catalase is yet another free radical scavenger that
is known for its detoxification action against lipid
peroxides (Yu, 1994). But, we found no significant
alteration in the activity of erythrocyte catalase in
obese individuals when compared with controls. It
can be concluded that neither the activity nor the
expression of this antioxidant enzyme is altered in

non-diabetic, normotensive obese subjects.

Among the aqueous-phase non-enzymatic
antioxidant defense system, reduced glutathione
plays a major role in combating lipid peroxidation
(Chaudiére, Ferrari-Iliou, 1999). Apart from this, its
functions include the detoxification of xenobiotics,
carcinogens, regulation of immune function; and
maintenance of protein structure, function, and
turnover (Chaudiére, Ferrari-Iliou, 1999). Reduced
levels and altered metabolic turnover of glutathione
have been previously reported in obese human
subjects (Faber et al, 2002; Cazzola et al, 2004). Our
results showed that erythrocyte GSH was depleted in
obese  subjects who  were  non-diabetic,
normotensive. A significant negative correlation was
also observed between GSH and MDA in obese
subjects which in turn indicates a severe disturbance
in the antioxidant defence mechanisms in these

subjects.

To conclude, our results point towards an
imbalance in the oxidant / antioxidant ratio in non-
diabetic, normotensive obese Indian subjects. These
findings lend further support for the implementation
of primary prevention programmes for type 2
diabetes and chronic heart diseases. Future

epidemiological polymorphic studies to identify

candidate antioxidant genes that are altered in obese
individual are warranted. This will increase our
understanding of the genetic modulation of
antioxidant enzymes in these subjects which will be
useful for the development of molecular
interventions in them. Further studies are also
required to define whether dietary or supplemental

antioxidants ameliorate these processes.

REFERENCES

Aebi H. (1984) Catalase in vitro. Methods Enzymol,
105: 121-126.

Arthur JR. (2000) The glutathione peroxidases. Cell
Mol Life Sci; 57: 1825-1835.

Atabek ME, Vatansev H, Erkul 1. (2004) Oxidative
stress in childhood obesity. J Clin Endocrinol
Metab; 17: 1063-1068.

Beutler E, Duron O, Kelly BM. (1963) Improved
method for the determination of blood

glutathione. J Lab Clin Med; 61: 882-888.

Cazzola R, Rondanelli M, Russo-Volpe S, Ferrari E,
Castaro B. (2004) Decreased membrane
fluidity and altered  susceptibility to

peroxidation and lipid composition in

overweight and obese female erythrocytes. J

Lipid Res; 45: 1846-1851.

Chaudiére J, Ferrari-Iliou R. (1999) Intracellular
antioxidants: from chemical to biochemical
mechanisms. Food Chem Toxicol; 37 : 949-
962.

Cheng Z, Li Y. (2007) What is responsible for the
initiating chemistry of iron-mediated lipid
peroxidation: an update. Chem Rev; 107: 748-
766.

Deurenberg P, Yap N, Van Staveren WA. (1998)
Body mass index and percent body fat: a meta

analysis among different ethnic groups. Int J

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 8 No. 1 2012



Selvakumar et al

Obes Relat Metab Disord; 22: 1164-71.

Drabkin DL, Austin JN. (1932) Spectrophotometric
studies. I. Spectrophotometric constants for
common hemoglobin derivatives in human,

dog, and rabbit. J Biol Chem; 98: 719-33.

Evans JL, Goldfine BA, Maddux BA, Grodsky GM.
(2002) Oxidative stress and stress-activated
signalling pathways: a unifying hypothesis of
type 2 diabetes. Endocr Rev; 23: 599-622.

Faber P, Johnstone AM, Gibney ER, Elia M, Stubbs
RJ, Duthie GG et al. (2002) The effect of rate
of weight loss on erythrocyte glutathione
concentration and synthesis in healthy obese

men. Clin Sci; 102: 569-577.

Flora SJ. (2007) Role of free radicals and
antioxidants in health and disease. Cell Mol

Biol; 53: 1-2.

Li X, Chen H, Epstein PN. (2006) Metallothionein
and catalase sensitize to diabetes in nonobese
diabetic mice: reactive oxygen species may
have a protective role in pancreatic B-cells.

Diabetes; 55: 1592-1604.

Lu D, Maulik N, Moraru II, Kreutzer DL, Das DK.
(1993) Molecular adaptation of vascular
endothelial cells to oxidative stress. Am J

Physiol; 264: C715-C722.

Mates JM, Perez-Gomez C, Nunez de Castro I.
(1999) Antioxidant enzymes and human
diseases. Clin Biochem; 32: 595-603.

McClung JP, Roneker CA, Mu W, Lisk DJ, Langlais
P, Liu F, Lei XG. (2004) Development of
insulin resistance and obesity in mice
overexpressing cellular glutathione peroxidase.

Proc Natl Acad Sci; 101: 8852-7.

Mohn A, Catino M, Capanna R, Giannini C,
Marcovecchio M, Chiarelli F. (2005) Increased

180

oxidative stress in prepubertal severely obese
children: Effect of a dietary restriction-weight
loss program. J Clin Endocrinol Metab; 90:
2653-2658.

Nielsen S, Jensen MD. (1997) Obesity and
cardiovascular disease: is body structure a

factor? Curr Opin Lipidol; 8: 200 -204.

Olusi SO. (2002) Obesity is an independent risk
factor for lipid peroxidation and depletion of

erythrocyte cytoprotective enzymes in humans.

Int J Obes Relat Metab Disord; 26: 1159-1164.

Pi-Sunyer FX. (2002) The obesity epidemic:
pathophysiology and consequences of obesity.

Obes Res 10: 97S-1048S.

Reitman A, Friedrich I, Ben-Amotz A, Levy Y.
(2002) Low plasma antioxidants and normal
plasma B vitamins and homocysteine in
patients with severe obesity. Isr Med Assoc J,

4: 590-593.

Soccio M, Toniato E, Evangelista V, Carluccio M,
De Caterina R. (2005) Oxidative stress and
cardiovascular risk: the role of vascular
NAD(P)H oxidase and its genetic variants. Eur
J Clin Invest; 35: 305-314.

Spiteller G. (2007) The important role of lipid
peroxidation processes in aging and age

dependent diseases. Mol Biotechnol; 37: 5-12.

Tataranni PA, Ravussin E. (2002) Energy
metabolism and obesity. In: Wadden TA,
Stunkard AJ (eds) Handbook of obesity

treatment. The Guilford, New York, pp 42-72

Tataranni PA. (2002) Pathophysiology of obesity-
induced insulin resistance and type 2 diabetes
mellitus. Eur Rev Med Pharmacol Sci; 6: 27-
32.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 8 No. 12012



Oxidant-Antioxidant disturbance in men...

181

Vincent HK, Innes KE, Vincent KR. (2007)
Oxidative stress and potential interventions to

reduce oxidative stress in overweight and

obesity. Diabetes Obes Metab; 9: 813-839.

Vincent HK, Taylor AG. (2006) Biomarkers and
potential mechanisms of obesity-induced
oxidant stress in humans. Int J Obes; 30: 400-
418.

Wendel A. (1981) Glutathione peroxidase. Methods
Enzymol; 77: 325-33.

World Health Organization. (2000) The Asia-Pacific
Perspective: Redefining Obesity and its
treatment. Melbourne, Australia: Health

Communications; pp. 1-56.

Yagi K. (1984) Assay for blood plasma or serum
lipid peroxides. Methods Enzymol; 105: 28-31.

Yesilbursa D, Serdar Z, Serdar A, Sarac M, Coskun
S, Jale C. (2005) Lipid peroxides in obese
patients and effects of weight loss with orlistat
on lipid peroxides levels. Int J Obes; 29: 142-
145.

Yu BP. (1994) Cellular defenses against damage
from reactive oxygen species. Physiol Rev; 74:

139-162.

Zwirska-Korczala K, Jochem J, Rybus-Kalinowska
B, Polaniak R, Birkner E. (2003) Assessment
of blood superoxide dismutase, glutathione
peroxidase activity and malondialdehyde
concentration as oxidation status parameters in
obese women. Pol Arch Med Wewn; 110: 725-
731.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 8 No. 1 2012



