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ABSTRACT

Diabetes, a lifelong progressive disease, is the result of body’s inability to produce insulin or use insulin
to its full potential, and is characterized by high circulating glucose. This disease has reached epidemic
proportion and has become one of the most challenging health problems of the 21 century. In the present
research work on type Il diabetes mellitus, various biochemical parameters have been analyzed in a
systematic manner. Blood and urine samples were collected from Sun and Apollo laboratory in
Coimbatore. About thirty diabetic (type Il) patients (15 males and 15 females) and thirty normal
individuals (17 males and 13 females). Blood and urine samples were collected from the normal and
diabetic individuals. The blood was obtained by vein puncture and collected in the centrifuge tubes. To
analyse the various Enzymic and Non-enzymic antioxidants such as Superoxide dismutase, catalase,
glutathione peroxidise, total reduced glutathione and lipid peroxidation. The study is significantly
decreased level of GPX was noted in diabetic, when compared to normal control, whereas all the other
antioxidants showed only little reduction in their levels but not significant, in diabetic than the normal
control. Increased level of lipid peroxide was observed in diabetes as compared to respective control.
Elevated levels of lipid peroxide in diabetes mellitus may be due to the alteration of functions of
erythrocyte membrane. This inhibits the activity of superoxide dismutase enzyme leading to
accumulation of superoxide radicals which cause the maximum lipid peroxidation and tissue damage in
diabetes.

Key words: Diabetes mellitus, Lipid peroxide, insulin, Superoxide dismutase, catalase, glutathione
peroxidise, and total reduced glutathione.
INTRODUCTION

Diabetes, a lifelong progressive disease, is the
result of body’s inability to produce insulin or use
insulin to its full potential, and is characterized by
high circulating glucose. This disease has reached
epidemic proportion and has become one of the
most challenging health problems of the 21%
century. It is the fourth leading cause of death by
disease globally; every 10 seconds a person dies
from diabetes related causes (Kowluru and Chan,
2007). Type 1 diabetes, prevuously known as
insulin — dependent diabetes mellitus orjuvenile-
onset diabetes, is the most severe form of the
disorder. It is an autoimmune disease that
develops when the body begins to destroy its
insulinproducing pancreatic beta cells. The
resulting shortage of insulin causes glucose to
remain in the bloodstream instead of entering the
cells to be converted into energy. Type 1 diabetes

typically affects children and young adults and is
the number one cause of diabetes in children;
however, its onset can occur at any age. In order
to survive, the patient must receive daily
injections of insulin (U.S. Department of Health
and Human Services, National Institutes of Health
(NIH). 2008a).

Type 2 diabetes, previously referred as non-
insulin dependent diabetes mellitus or adult-onset
diabetes, is the most common form of diabetes. It
accounts for 90 to 95 percent of the documented
cases of diabetes (3). While the exact etiology of
type 2 diabetes is unknown, studies indicate that
the disorder begins in the form of insulin
resistance. The pancreas produces sufficient
insulin but the body cannot properly use the
insulin to transport glucose into the cells. The
pancreas responds to the resultant high blood
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sugar level by producing more insulin. Over time,
the pancreas loses the ability to produce the
amount of insulin needed to transport glucose into
cells.  Ultimately, the pancreas becomes
permanently damaged due to the continual
elevation of insulin production.

Gestational diabetes is diagnosed when any
degree of glucose intolerance or high blood sugar
is first discovered during pregnancy. This type of
diabetes occurs inapproximately 3-8 percent of all
pregnancies and usually disappears during the
postpartum period (U.S. Department of Health
and Human Services, Centers for Disease Control
and Prevention (CDC). 2009).

Maturity Onset Diabetes of the Young
(MODY) occurs in individuals less than 20 years
old and is considered a form of type 2 diabetes.
MODY is known to be the result of genetic
mutation and can be passed from parent to child.
Several different gene mutations have been
identified but each mutation results in lack of
insulin production by  the pancreas.
Approximately 1-5 percent of all cases of diabetes
in the U.S. are MODY (U.S. Department of
Health and Human Services, National Institutes of
Health (NIH). 2007).

Pre-diabetes is the state where a patient’s blood
glucose level is higher than normal but not high
enough to be considered diabetes. This condition
may also be referred to as impaired fasting
glucose (IFG) or impaired glucose tolerance (IGT)
depending on which test was used to measure the
blood sugar level. U.S. Department of Health and
Human Services, National Institutes of Health
(NIH). 2008b).

MATERIALS AND METHODS

In the present research work on type Il diabetes
mellitus, various biochemical parameters have
been analysed in a systematic manner. The
methodology followed was given below. Blood
and urine samples were collected from Sun and
Apollo laboratory in Coimbatore. About thirty
diabetic (type II) patients (15 males and 15
females) and thirty normal individuals (17 males
and 13 females). Blood and urine samples were
collected from the normal and diabetic
individuals. The blood was obtained by vein
puncture and collected in the centrifuge tubes.
Antioxidants

Antioxidants work to protect our body from free
radicals. Antioxidant means “against oxidation “.
Antioxidants are effective because they are
willing to give up their own electrons to free
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radicals. To analyse the various Enzymic and
Non-enzymic antioxidants such as Superoxide
dismutase, catalase, glutathione peroxidise, and
total reduced glutathione.

Chemicals

All the chemicals used in the present study were
of analytical reagent grade.

Statistical analysis

Results are Mean = SD for 60 samples. Values are
expressed as mg / dl. Values that have a different
superscript (a,b,c) differ significantly with each
other (P<0.05). Data were analysed using the
statistical pack Students‘t” Test and one way
Analysis Of Variance (ANOVA).

RESULTS

Level of antioxidants in normal and diabetic
patients

Antioxidants work to protect our body from free
radicals. Antioxidant means “against oxidation “.
Antioxidants are effective because they are
willing to give up their own electrons to free
radicals. In our present study, the enzymic and
non-enzymic antioxidants such as Superoxide
dismutase (SOD), catalase (CAT), glutathione
peroxidise (GPX), and total reduced glutathione
(GSH) were analyzed. The levels of antioxidants
like SOD, CAT, GPX and GSH in normal and
diabetic patients are represented in the (Table 1).

Table 1: Level of Antioxidants in normal and diabetic patients

Parameter |[Normal (Non-diabetic) |Diabetic(n=30) |‘t’ Value
n=30)
SOD 0.97 £0.63 0.86 £0.68 0.677 ns
CAT 1.21+245 0.83+0.82 0.79 ns

GPX 47.66 +13.94
GSH 14.26 +13.47

35.82 +22.84 2.382*
12.14 +7.52 0.740

Units:

SOD- 50% inhibition of nitrite formation / min /
mg protein

CAT- p moles of H,0O, decomposed / min / mg
protein.

GPX- ug of glutathione utilized / min / mg
protein.

GSH - uM / mg

Values are mean + SD; * - Significant at 5%
(t<0.05) ns — not significant.

Significantly decreased level of GPX was noted in
diabetic, when compared to normal control,
whereas all the other antioxidants showed only
little reduction in their levels but not significant,
in diabetic than the normal control.

Antioxidants destroy the peroxides and play a
significant role in providing antioxidant defence
to an organism (Cuerda et al.,, 2011). The
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functions of all antioxidants are interconnected
and a lowering of their activities may result in the
accumulation of lipid peroxides and increases
oxidative stress in diabetes, as observed in the
present study.

SOD is one of the most important enzymes in the
antioxidant defense system of the body. The major
function of SOD is to catalyze the conversion of
superoxide anion radicals (the first product of
oxygen radical formation) to H,O, and hence
reduces the toxic effects due to this radical or
other free radicals derived from secondary
reactions (Sen and Hanninen, 1994). During
diabetes, ROS may be generated through glucose
auto oxidation and non-enzymatic protein
glycation under hyperglycemic condition (Hunt et
al., 1990; Wolff and Dean, 1987). Moreover ROS
could be generated under diabetic condition at an
early stage (Ugochukwu and Cobourne, 2003).

The reason for depletion of antioxidants may be
due to the protective mechanism of the body in
response to the increased generation of superoxide
anion radicals. Under invitro conditions, it has
been reported that SOD activity could be inhibited
by glycation of the enzyme (Arai et al., 1987b;
Bray et al., 1974). Furthermore, H, O, has been
shown to inactivate SOD (Arai et al., 1987a).
Therefore, the decrease in SOD activity may be
due to inhibition of the enzyme by glycation or by
the accumulation of H,O,. CAT, which is present
virtually in all mammalian cells, is responsible for
the removal of H,0, the possible reason for the
depletion of this enzyme may be due to the
defence mechanism against ROS attack in the
tissues. The decreased CAT levels in serum of the
diabetic patients may also be related to the
concentration of H,O, and /or the location of the
enzyme. CAT is localized mainly in the
peroxisomal compartment in the mitochondria,
and it is effective at excess concentrations of
H,0, while GPX is found in the cytosol and can
detoxify H,O, at lower concentrations (Sen and
Hanninen, 1994).

Free radical-mediated oxidative damage has been
observed in the development of both type | and
type Il diabetes mellitus (Marjani, 2010). Chronic
hyperglycemia increases oxidative stress by auto-
oxidation of monosaccharides,which leads to
production of superoxide and hydroxyl radicals.
These radicals cause tissue damage by reacting
with polyunsaturated fatty acids in membranes
and this leads to increase in lipid peroxidation
(Dsterud and Elvevoll, 2011).
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Hyperglycaemia in diabetes may increase ROS
production via changes in the redox potential of
glutathione and decreased antioxidant defences
due to reduction in total antioxidant capacity in
plasma (West, 2000).

Level of lipid peroxidation in normal and
diabetic patients

Lipid peroxidation (LPO) is a key marker of
oxidative stress. It is a free radical induced
process causing oxidative deterioration of
polyunsaturated fatty acids that eventually results
in extensive membrane damage and dysfunction.
The significant extent of LPO products that was
measured as thiobarbituric acid reactive
substances (TBARS) has been reported in diabetes
(Pari and Murugan, 2005).

Peroxidation of membrane lipids associated with
increased membrane rigidity, decreased cellular
deformability, reduced erythrocyte survival and
lipid fluidity has been implicated in diabetes
mellitus. The occurrence of free radical-induced
lipid peroxidation causes considerable changes in
the structural organization and function of the
membrane and makes it leaky (Cuerda et al.,
2011).

The level of lipid peroxide (LPO) in normal and
diabetic patients are represented in the (Table 2).

Table 2: Level of Lipid peroxidation in normal and diabetic
patients

Normal
(Non-diabetic) (n=30)

LPO 11.71 £2.43

Diabetic (n=30) |t’ Value
Parameter

14.47 £8.94 1.603*

Units:

LPO- nM of MDA formed / min / mg protein.
Values are mean = SD ; * - Significant at 5%
(t<0.05) ns — not significant

Significantly increased level of lipid peroxide was
observed in diabetes as compared to respective
control. Free radical induced oxidative stress has
been implicated in the etiology of diabetes
mellitus. Numerous studies have revealed lowered
antioxidant and enhanced peroxidative status in
diabetes condition (Zhang et al., 2010).

Free radicals are continually produced in the body
as a result of normal metabolic processes and
interaction with environmental stimuli. Oxidative
stress results from an imbalance between radical-
generating and radical-scavenging systems, i.e.
increased free radical production or reduced
activity of antioxidant defenses or both.
Implication of oxidative stress in the pathogenesis
of diabetes is suggested not only by oxygen free-
radical generation but also due to nonenzymatic
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protein glycosylation, auto-oxidation of glucose
(Mullarkey et al., 1990). impaired glutathione
metabolism (Ansar et al., 2011), alteration in
antioxidant enzymes (Bellamkonda et al., 2011),
lipid peroxides formation (Middha et al., 2011)
and decreased ascorbic acid levels (Okazaki et al.,
2011).

Oxidative stress is currently suggested as
mechanism underlying diabetes and diabetic
complications (Gutteridge and Halliwell, 2010).
Enhanced oxidative stress and changes
inantioxidant capacity, observed in both clinical
and experimental diabetes mellitus are thought to
be the etiology of chronic diabetic complications
(Baynes and Thorpe, 1996). In recent years, much
attention has been focused on the role of oxidative
stress, and it has been reported that oxidative
stress may constitute the key and common event
in the pathogenesis of secondary diabetic
complications. Free radical may play a pivotal
role in the pathogenesis of a number of diseases
including diabetes mellitus.

Elevated levels of lipid peroxide in diabetes
mellitus may be due to the alteration of function
of erythrocytes membrane. This inhibits the
activity of superoxide dismutase enzyme leading
to accumulation of superoxide radicals which
cause the maximum lipid peroxidation and tissue
damage in diabetes (Freitas, et al., 1997).
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DISCUSSION

In recent years, the number of patients suffering
from diseases, such as cancer, apoplexy,
osteoporosis, hypertension, and diabetes mellitus
is increasing worldwide. It is projected that the
incidence of diabetes is on the rise (Boyle et al.,
2001). The present number of diabetics worldwide
is over 150 million and this is likely to increase to
300 million or more by the year 2025 (King et al.,
1998; Shaw et al., 2010). Reasons for this increase
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include increase in  sedentary lifestyle,
consumption of energy-rich diet, obesity and life
span. Type 2 diabetes, a lifestyle-related disease,
is recognized as a serious disease. Normally,
diabetes is detected by measuring glucose blood
levels. However, due to wide deviations in the
circulating glucose concentrations, a randomized
glucose measurement does not provide clear data
for overall glycemic control. A better method to
evaluate the level of control is the measurement of
the HbA1C value, which is a normally used
laboratory test for measuring long-term diabetic
control (Andrade-Cetto et al., 2008).

The study suggests, the estimation of plasma
antioxidants  levels  with  other  routine
investigations may be useful in the prevention of
the diabetic complications, which can be
prevented by supplementing the antioxidants rich
components of the diet and thus further diabetic
events can be avoided.

International researchers observed that
antioxidants commonly promoted as being good
for our health may speed up early onset of type 2
diabetes by mopping up Reactive Oxygen Species
(ROS) that may play a protective role in the early
stages of type 2 diabetes by enhancing insulin
action (Sarah Akbar et al., 2011).
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