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concentration of MDA were reported in plasma samples from patients with type 2
diabetes mellitus as compared to healthy individuals. A significantly lower mean
level of HDL and significantly higher mean levels of LDL, TG and Cholesterol were
noted in patients with type 2 diabetes mellitus than healthy control individuals.
Further, weak to moderate correlations were observed between MDA and CuSOD,
MnSOD and GPX. No significant correlation was observed between MDA with
GSH and with lipid profiles. Conclusion: In conclusion, lipid peroxidation may be a
useful marker for early diagnosis and prognosis of secondary complications in
patients with maternally inherited type 2 diabetes mellitus.

INTRODUCTION: Diabetes mellitus is pervasive  Diabetes mellitus is a metabolic disorder
around the globe *. In the year 2000 the widespread  characterized by hyperglycemia often accompanied
of the diabetes mellitus in the world was 171 by glycosurea, polydipsia and polyurea *. Oxidative
million, which is expected to raise up to 366 stress and dyslipidemia have been involved in the
million by the year 2030 % In India, diabetes pathogenesis of diabetes mellitus and associated
mellitus is an alarming disease. At present more  complications like cardiovascular disease and
than 40 million people are diagnosed with diabetes,  atherosclerosis °. In the last few decades, extensive
showing that India leads the world in diabetes body of literature regarding mitochondria has

mellitus *. shown its pivotal role in the pathogenesis of type 2
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association with the nuclear DNA codes the
polypeptides of the electron transport chain (ETC).
Mitochondrial DNA lacks in histone proteins and
DNA repair enzymes, making it more susceptible
to oxidative damage. Aberrant mitochondrial DNA
can code, defective polypeptides of the ETC,
resulted in less ATP (Adenosine Triphosphate)
production. Lower concentration of ATP opens the
ATP sensitive potassium channel and prevented
cellular depolarization, which results in halting the
influx of calcium ions.

Thereby resisting the insulin release from insulin
stored vesicles. Moreover, defective complexes of
the ETC sometime leak an electron flowing
through it and can generate reactive oxygen species
like superoxide anion, which may lead to other free
radicals like, hydrogen peroxides, peroxinitrates
and hydroxyl radicals **. Diabetes mellitus has
been associated with redox alterations, which are
due to the impaired action of antioxidant enzymes
and increased production of free radicals > *°.
Hence, patients with maternal inheritance of type 2
diabetes mellitus are more prone to oxidative stress
result in early secondary complications than type 1
and juvenile diabetes mellitus.

Free radicals are highly reactive in nature and can
attack on carbon-carbon double bonds of the
membrane phospholipid and initiate the process of
lipid peroxidation " 8, Malondialdehyde, the end
product of the lipid peroxidation is widely used in
monitoring the status of oxidative stress % 2 .,
Altered oxidative stress can increase the production
of malondialdehyde . Therefore, monitoring the
level of malondialdehyde in these patients may
provide a hint for early diagnosis of the secondary
complications.

MATERIALS AND METHODS:

Family history and sample collection:

Type 2 diabetes patients having a history of
maternal inheritance of it, have been selected for
this study. Blood samples were drawn from 150
patients (from 18 families, ages ranging from 18 to
72 years), who came for routine blood glucose
monitoring at “Swami Vivekanand Medical
Mission Hospital” Nagpur, Maharashtra, India,
over a one year period (May 2014 to May 2015), to
compare, blood samples were drawn from 150
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healthy normal individuals (ages ranging from 18
to 72 years). Proper informed consents were taken
from the patients and healthy individuals.

Ethics in the study:

This study is approved by the Institutional Ethical
Committee of “Swami Vivekanand Medical
Mission” Nagpur, Maharashtra, India.

Inclusion Criteria and Exclusion criteria:
Inclusion Criteria:

Patients having a history of maternally inherited
type 2 diabetes mellitus.

Exclusion criteria:

Any kind of history of paternal inheritance of type
2 diabetes mellitus, type 1 diabetes mellitus and
juvenile diabetes mellitus.

Sample preparation:

2 ml blood sample was withdrawn from each
patient and healthy individual. From this, 1 ml was
collected in a non anticoagulant tube to obtain
serum for the analysis of lipid parameters and
remaining 1 ml blood sample was collected in
EDTA (Ethelene Diamine Tera Acetic acid)
containing vacutainer tubes to obtain plasma. Both
the tubes were centrifuged at 1500 RPM for 15
minutes. Blood cells carry over were removed by
recentrifugation. The separated serum and plasma
samples were immediately processed for the lipid
profile and antioxidant potential examination.

Quantitative analysis of antioxidant enzymes

All standard methods were used to quantify the
levels of antioxidant enzymes in collected plasma
samples. The activity of Catalase (umoles of
hydrogen peroxide consumed / mg protein/ ml/
minute) was estimated by using the method given
by Aebi et al. (1983) %. In plasma samples, the
addition of 2 mM of cyanide inactivated CuSOD
(Copper containing  Superoxide Dismutase);
MnSOD (Manganese containing  Superoxide
Dismutase) remain unaffected by it. Similarly,
addition of 25 microliters of ice cold chloroform/
ethanol solution inhibited the activity of MnSOD
and CuSOD remains unaffected by it % %. The
activities of CuSOD (units / mg protein/ ml /
minute) and MnSOD (units / mg protein/ ml /
minute) were estimated as per the protocol given by
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Marklund and Marklund (1974) ?°, in which
inhibition of pyrogallol autooxidation defines one
unit of enzyme activity. Glutathione peroxidase
activity (pg of reduced glutathione consumed/ mg
protein/ ml / minute) was estimated by the method
of Rotruck et al. (1973) %'

Quantitative non
antioxidant:

Concentration of GSH (umoles/ mg protein/ ml /
minute) was estimated as per the method of Beutler
et al. (1963) %, in which glutathione reacts with
5,5’- dithio bis-2, nitro benzoic acid (DTNB) to
produce stable yellow colored complex.

analysis  of enzymatic

Determination of lipid peroxidation:

The formation of MDA (nmole/ mg protein/ ml
/hour), determines the level of lipid peroxidation.
MDA was assayed in the form of thiobarbituric
acid reactive substances (TBARS) as per the
method of J stocks et al. (1978) .

Determination of lipid profile parameters:

Lipid profile parameters were analyzed using
Micros 60 autoanalyser by Horiba, using all
standard kits. Protocols were run according to the
instructions provided by manufacturers. Results
were reported in mg/dL.

Statistical analysis:

Statistical analysis was performed with Med Calc
statistical software (version10.1.2.0). All results
were expressed in Mean * SEM. Significant
differences in enzymatic (Catalase, MnSOD,
CuSOD and GPX), non enzymatic (GSH) and lipid
peroxidation (MDA) between control and
individuals with type 2 diabetes were observed
using a “t” test. The correlation between MDA and
other parameters (enzymatic, non enzymatic and
lipid profile) were sought by using Spearman’s
rank correlation coefficient and data represented in
“rs” and “p” values. The correlation coefficients
with “rs” values; <0.35, 0.36 to 0.67 and 0.68 to 1.0
were considered to represent weak, moderate and
strong correlations respectively ** *!. p<0.05 was
considered as a standard for significant differences.

RESULTS:
Levels of blood fasting glucose and activities of
antioxidant enzymes in plasma samples: The
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mean level of fasting blood glucose and the mean
activities of antioxidant enzymes were examined in
samples from control and individuals with type 2
diabetes mellitus (Table 1).

Fasting glucose:

The mean level of fasting glucose (mg /dL) for
control samples and individuals with type 2
diabetes mellitus was 76.293+1.078 and
211.706+3.538 respectively. This result showed
that the level of fasting glucose was significantly
higher in individuals with type 2 diabetes mellitus
as compared to control samples (p<0.0001).

The non significant correlation was observed
between MDA and fasting glucose (rs = 0.086,
p>0.05) (Table 4).

Catalase:
The mean activity of catalase (units/mg
protein/ml/minute) for control samples and

individuals with type 2 diabetes mellitus was
0.5127+0.0172 and 0.4454+ 0.0156 respectively.
This result corroborated that the activity of catalase
was significantly decreased in individuals with type
2 diabetes mellitus as compared to control samples
(p<0.01).

When the activity of catalase was plotted against
the level of MDA in individual samples (Fig. 1a), a
positive correlation was noted (rs=0.368, p<0.0001)
(Table 4); that is, an increase in the activity of
catalase correlated with an increase in the
concentration of MDA in the samples.

CuSOD:

The mean activity of CuSOD (units / mg protein /
ml / minute) for control samples and individuals
with type 2 diabetes mellitus was 2.2717+0.199
and 1.5162+0.0452 respectively. This result
showed that the activity of CuSOD was
significantly lower in individuals with type 2
diabetes mellitus as compared to control samples
(p<0.001). When the activity of CuSOD was
plotted against the level of MDA in individual
samples (Fig. 1b), a positive correlation was noted
(rs = 0.363, p<0.0001) (Table 4); that is, an
increase in the activity of CuSOD correlated with
an increase in the concentration of MDA in the
samples.
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MnSOD:

The mean activity of MnSOD (units/ mg protein/
ml / minute) for control samples and individuals
with type 2 diabetes mellitus was 1.9879+0.1284
and 1.5899+0.0617 respectively. This result
showed that the activity of MnSOD was
significantly lower in individuals with type 2
diabetes mellitus as compared to control samples
(p<0.01). When the activity of MnSOD was plotted
against the level of MDA in individual samples
(Fig. 1c), a positive correlation was noted (rs =
0.370, p<0.0001) (Table 4); that is, an increase in
the activity of MnSOD correlated with an increase
in the concentration of MDA in the samples.
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GPX:

The mean activity of GPX (units/ mg protein/ ml /
minute) for control samples and individuals with
type 2 diabetes mellitus was 0.000733+0.000026
and 0.000953+0.000038 respectively. This result
showed that the activity of GPX was significantly
higher in individuals with type 2 diabetes mellitus
as compared to control samples (p<0.0001). When
the activity of GPX was plotted against the level of
MDA in individual samples (Fig. 1d), a positive
correlation was noted (rs = 0.306, p<0.001) (Table
4); that is, an increase in the activity of GPX
correlated with an increase in the concentration of
MDA in the samples.

TABLE 1: MEAN LEVEL OF BLOOD GLUCOSE AND MEAN ACTIVITIES OF ANTIOXIDANT ENZYMES IN
SAMPLES FROM CONTROL AND INDIVIDUALS WITH TYPE 2 DIABETES MELLITUS

Parameters Control Diabetes Mellitus
tested n=150 n=150
Fasting Glucose(mg/dL) 76.293+1.078 211.706+3.538*
Catalase(Units/ mg protein/ ml / minute) 0.5127+0.0172 0.4454+0.0156***
CuSOD(Units/ mg protein/ ml / minute) 2.2717+0.199 1.5162+0.0452**
MnSOD(Units/ mg protein/ ml / minute) 1.9879+0.1284 1.5899+0.0617***
GPX(Units/ mg protein/ ml / minute) 0.000733+0.000026 0.000953+0.000038*

Values represent the Mean + SEM. *P<0.0001,**p<0.001,***p<0.01

CuSOD (Copper containing Superoxide
Dismutase), MnSOD (Manganese containing
Superoxide  Dismutase), GPX  (Glutathione

Peroxidase)

Concentration of MDA:

The mean level of MDA (nmole / mg protein / ml /
minute) for control samples and individuals with
type 2 diabetes mellitus was 7.547+0.3075 and
8.971+0.3921 respectively. This result showed that
the level of MDA was significantly higher in
individuals with type 2 diabetes mellitus as
compared to control samples (p<0.01) (Table 2).

Concentration of non enzymatic antioxidant
(GSH) The mean level of GSH (umole/ mg
protein/ ml / minute) for control samples and
individuals with type 2 diabetes mellitus was
0.0192+0.00169 and 0.0155+0.00062 respectively.
This result showed that the level of GSH was
significantly lower in individuals with type 2
diabetes mellitus as compared to control samples
(p<0.05) (Table 2)

No correlation was observed between MDA and
GSH (rs=-0.108, p> 0.05) (Table 4)

TABLE 2: MEAN LEVELS OF MALONDIALDEHYDE AND
REDUCED GLUTATHIONE IN PLASMA SAMPLES FROM
CONTROL AND INDIVIDUALS WITH TYPE 2 DIABETES
MELLITUS.

Parameters Control Diabetes Mellitus
tested n=150 n=150
MDA 7.547+0.3075 8.971+0.3921*

(nmoles / mg protein
[ ml / minute/)
GSH
(umole/ mg protein/
ml / minute)

0.0192+0.00169 0.0155+0.00062**

The data represent the Mean + SEM. *p<0.01, **p<0.05
MDA (Malondialdehyde), GSH (Reduced Glutathione)

HDL.:

The mean level of HDL (mg /dL) for control
samples and individuals with type 2 diabetes
mellitus was 41.28+0.79 and 38.60+0.77
respectively. This result showed that the level of
HDL was significantly lower in individuals with
type 2 diabetes mellitus as compared to control
samples (p<0.05).

No correlation was observed between MDA and
HDL (rs=-0.0136, p>0.05) (Table 5).
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LDL:

The mean level of LDL (mg /dL) for control
samples and individuals with type 2 diabetes
mellitus was 136.94+2.48 and 144.14+2.61
respectively. This result showed that the level of
LDL was significantly higher in individuals with
type 2 diabetes mellitus as compared to control
samples (p<0.05). No correlation was observed
between MDA and LDL (rs = 0.0463, p>0.05)
(Table 5).

TG:

The mean level of TG (mg /dL) for control samples
and individuals with type 2 diabetes mellitus was
169.78+1.733 and 174.64+1.084 respectively. This
result showed that the level of TG was significantly
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higher in individuals with type 2 diabetes mellitus
as compared to control samples (p<0.05). No
correlation was observed between MDA and TG (rs
=-0.0723, p>0.05) (Table 5).

Cholesterol:

The mean level of Cholesterol (mg /dL) for control
samples and individuals with type 2 diabetes
mellitus was 205.35£2.39 and 213.52+2.33
respectively. This result showed that the level of
cholesterol was significantly higher in individuals
with type 2 diabetes mellitus as compared to
control samples (p<0.05). No correlation was
observed between MDA and TG (rs = 0.0982,
p>0.05) (Table 5).

TABLE 3: MEAN SERUM LEVELS OF LIPID PROFILE PARAMETERS IN CONTROL AND INDIVIDUALS

WITH TYPE 2 DIABETES MELLITUS.

Parameters Control Diabetes Mellitus
tested n=150 n=150
HD (mg/dL) 41.28+0.79 38.60+0.77*
LDL (mg/dL) 136.94+2.48 144.14+2.61*
TG (mg/dL) 169.78+1.733 174.64+1.084*
Cholesterol (mg/dL) 205.35%£2.39 213.52+2.33*

The data represent the Mean = SEM. *p<0.05

HDL (High Density Lipoprotein), LDL (Low Density Lipoprotein), TG (Triglyceride)

TABLE 4: THE CORRELATION COEFFICIENTS BETWEEN THE LEVEL OF MDA AND FASTING GLUCOSE, ENZYMATIC
AND NON ENZYMATIC ANTIOXIDANTS IN SAMPLES OF CONTROL AND INDIVIDUALS WITH TYPE 2 DIABETES

MELLITUS
Parameters rs Value (Spearman’s rank correlation
Tested coefficient)
(In diabetes group)
MDA and Fasting glucose 0.086***
MDA and Catalase 0.368*
MDA and CuSOD 0.363*
MDA and MnSOD 0.370*
MDA and GPX 0.306**
MDA and GSH -0.108***

The rs values represent the level of correlations between MDA and different enzymatic and non enzymatic antioxidants. MDA
(Malondialdehyde), CuSOD (Copper containing Superoxide Dismutase), MnSOD (Manganese containing Superoxide
Dismutase), GPX (Glutathione Peroxidase), GSH (Reduced Glutathione)

*p<0.0001, **p<0.001, ***p>0.05.

TABLE 5: THE CORRELATION COEFFICIENTS BETWEEN MDA AND SERUM LIPID PROFILE PARAMETERS IN
CONTROL AND INDIVIDUALS WITH TYPE 2 DIABETES MELLITUS

Parameters rs Value (Spearman’s rank correlation
Tested coefficient)
(In diabetes group)
MDA and HDL -0.0136*
MDA and LDL 0.0463*
MDA and TG -0.0723*
MDA and Cholesterol 0.0982*

The rsvalues represent the level of correlation between MDA and serum lipid profile parameters.
MDA (Malondialdehyde), HDL (High Density Lipoprotein), LDL (Low Density Lipoprotein), TG (Triglyceride). *p>0.05.
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DISCUSSION:  Mitochondrial ~ abnormalities
increase the production of free radicals and
reported as a potent culprit for the pathogenesis of
maternally inherited type 2 diabetes mellitus .
Hitherto, prodigious work on mitochondrial DNA
mutations suggested that, mutated mitochondria
inherited in the families via mother, meaning,
patients with a history of maternal inheritance of
type 2 diabetes mellitus are more prone to free
radical attack ° ** 3. Furthermore, hyperglycemia
in diabetes mellitus could increase free radical
concentration, which exerts deleterious effect on
cells and organs and result in other serious
complications like, cardiovascular  diseases,
atherosclerosis and aging ** *. In the past few
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decades, research on diabetes mellitus was strictly
focused on insulin related consequences and tended
to look at the alterations in the concentration of free
radicals and its scavenging system along with the
levels of lipid profile parameters °. Recently, much
prominence has been placed on the correlation
studies between enzymatic antioxidants, HbALc,
lipid peroxidation and lipid profile parameters *°.
The present study was undertaken to evaluate the
status of oxidative stress and lipid profile
parameters including their correlation studies with
lipid peroxidation in patients with maternally
inherited type 2 diabetes mellitus.
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FIG. 1: (a) CORRELATION BETWEEN THE LEVEL OF MDA AND CATALASE IN PLASMA SAMPLES FROM CONTROL
AND INDIVIDUALS WITH TYPE 2 DIABETES MELLITUS. (b) CORRELATION BETWEEN THE LEVEL OF MDA AND
CuSOD (COPPER CONTAINING SUPEROXIDE DISMUTASE) IN PLASMA SAMPLES FROM CONTROL AND INDIVIDUALS
WITH TYPE 2 DIABETES MELLITUS. (c) CORRELATION BETWEEN THE LEVEL OF MDA AND MnSOD (MANGANESE
CONTAINING SUPEROXIDE DISMUTASE) IN PLASMA SAMPLES FROM CONTROL AND INDIVIDUALS WITH TYPE 2
DIABETES MELLITUS. (d) CORRELATION BETWEEN THE LEVEL OF MDA AND GPX (GLUTATHIONE PEROXIDASE) IN
PLASMA SAMPLES FROM CONTROL AND INDIVIDUALS WITH TYPE 2 DIABETES MELLITUS.

rs= Correlation Coefficient; p-value represents the significance level.
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Catalase is a common enzyme found almost in
every living cell and a tetramer of four polypeptide
chains; each made from 500 amino acids. The
antioxidant action of catalase strictly relies on the
four heme groups, which react with hydrogen
peroxide; a substrate for catalase *°. Catalase
degraded two molecules of hydrogen peroxide to
water and oxygen. However, catalase has been
reported with one of the highest turnover number
among all antioxidant enzymes *" *. The present
study reported, the lower mean activity of catalase
in individuals with type 2 diabetes mellitus than
control individuals (Table 1). In addition to this a
significant positive correlation was observed
between MDA and catalase (rs= 0.368, p< 0.0001)
(Table 4, Fig 1a). Similar results were reported by
Manjulata kumawat et al. *. The deficient activity
of catalase increases the concentration of hydrogen
peroxide “°. Hydrogen peroxide if not removed
from the system, is converted to hydroxyl radicals
via superoxide catalyzed Haber Weiss reaction **#?
and metal catalyzed Fenton reaction > **. Hydroxyl
radicals are potent free radicals to cause oxidative
damage at the cellular levels *°. The decrease
activity of catalase is possibly due to high oxidative
stress 404,

The Superoxide Dismutase (SOD) is a potent
antioxidant enzyme predominantly found in cytosol
(SOD1), in the mitochondria (SOD2) and
extracellular (SOD3) in humans *. As this study
strictly cogitated on the maternal inheritance of
type 2 diabetes mellitus through mitochondria; it is
important to study the activities of SOD in cytosol
and mitochondria separately. When, electrons flow
through the electron transport chain in
mitochondria, some electrons may get leaked
through their path in the electron transport chain
and generates the superoxide radicals * 4. If
superoxide radicals are not removed from the
biological system, it can react with the plasma
membrane of the cells and initiate the process of
lipid peroxidation or can react with nitric oxide to
generate peroxinitrate, which is again a potent
oxidant *" “®. Hence, monitoring the activity of
SOD is crucial in patients with maternal history of
type 2 diabetes mellitus.

The cytosol of virtually all eukaryotes contain
copper containing superoxide dismutase enzyme
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(SOD1). The present study reported a significant
decrease in the mean activity of CuSOD (Table
1). A significant positive correlation was also noted
between MDA and CuSOD activity (rs= 0.363,
p<0.0001) (Table 4, Fig. 1b). The manganese
containing superoxide dismutase is predominant in
mitochondria and peroxisomes (SOD2). The
present study showed a significant decrease in the
mean activity of MnSOD (Table 1). In addition, a
significant positive correlation was noted between
MDA and MnSOD (rs=0.370, p<0.0001) (Table 4,
Fig. 1c). No prior studies have been cited for the
separate estimations of CuSOD and MnSOD in
patients with maternal inheritance of type 2
diabetes mellitus. The decrease in the activities of
CuSOD and MnSOD possibly due to the high
accumulation of hydrogen peroxide and glycation
of these enzymes ***°.

Glutathione peroxidase is a selenium based
antioxidant enzyme; marked for the elimination of
hydrogen peroxide via conversion of reduced
glutathione to oxidized glutathione °!. This study
showed a significant increase activity of
glutathione peroxidase in individuals with type 2
diabetes mellitus than control individuals (Table
1). A significant positive correlation was noted
between the level of MDA and the mean activity of
glutathione peroxidase (rs=0.306, p<0.001) (Table
4, Fig 1d). The present study observed a significant
high activity of glutathione peroxidase in
individuals with type 2 diabetes mellitus, which is
possibly due to the high concentration of hydrogen
peroxide °% 3,

Glutathione is a thiol group containing non
enzymatic antioxidant, playing a pivotal role in free
radical scavenging mechanism **. It could be a
marker for diabetes mellitus *°. Glutathione
occurred in both reduced (GSH) and oxidized form
(GSSG). The reduction and oxidation of
glutathione depend on the disulphide bonds of
cysteine amino acids °® *’. This study showed a
significantly lower concentration of reduced
glutathione (Table 2). In addition to this,
insignificant correlation was observed between the
level of MDA and GSH (rs = -0.108, p>0.05)
(Table 4). The depleted concentration of GSH is
possibly due to the high activity of glutathione
peroxidase required to remove accumulated
hydrogen peroxide. Moreover, NADPH
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(Nicotinamide Adenine Dinucleotide Phosphate),
required for the resynthesis of reduced glutathione
from oxidized glutathione using glutathione
reductase enzyme. NADPH utilization in the polyol
pathway during hyperglycemia may lead to a GSH
reduction *° %%,

As quoted earlier, the formation  of
malondialdehyde by free radicals attacks on
polyunsaturated fatty acid of the plasma membrane,
represents the status of redox alterations within
individuals *" ¥, Many studies have revealed that
lipid peroxidation is responsible for the progression
of diabetes mellitus * ®. It could be a marker of
DNA damage, protein dysfunction and default cell
to cell communication, which originates many
serious complications in the patients *°. In the
present study a significant increase in the
concentration of malondialdenyde was reported
(Table 2). Similar findings were reported by Bhatia
etal. ** and Griesmacher et al. ® on diabetes
mellitus with and without complications.

Alterations in lipid profile parameters accompanied
with the pathogenesis of diabetes mellitus ®% .
Dyslipidemia associated with insulin resistance in
type 2 diabetes mellitus is characterized by the
elevated level of triglyceride and the decreased
level of high density lipoprotein ®. Dyslipidemia
has been reported for the lipid peroxidation in
patients of diabetes mellitus ®. The present study
demonstrated a significantly increased
concentration of LDL, cholesterol and TG (Table
3) in individuals with type 2 diabetes mellitus than
control individuals. Unlike this result, a significant
decrease in the concentrations of HDL was
reported in individuals with type 2 diabetes
mellitus than control individuals (Table 3).
Furthermore, no correlations were sought between
the level of MDA and high density lipoprotein (rs =
-0.0136, p>0.05), low density lipoprotein (0.0463,
p>0.05), triglyceride (rs = -0.0723, p>0.05) and
cholesterol (rs = 0.0982, p>0.05) (Table 5).

HDL is known to be good cholesterol and essential
for certain biochemical functions in the body.
While, hyperglycemia leads to the glycation of
LDL and make it more susceptible to oxidation,
which increases its atherogenicity; hence LDL is
called as bad cholesterol ®. An imbalance between
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the levels of HDL and LDL ratio enhances the risk
of cardiovascular disease in patients ®. In diabetes
mellitus, the decrease level of HDL is possibly due
to impaired function of lipoprotein A1 ®,

CONCLUSION: The present study demonstrates
oxidative stress and dyslipidemia in the patients
having a history of maternal inheritance of type 2
diabetes mellitus. Lipid peroxidation shows
significant correlation with enzymatic antioxidants
and non significant correlations with lipid profile
parameters. This is possibly because of the
defective mitochondria. High oxidative stress due
to defects in mitochondria may increase the level of
lipid peroxidation in families. Hence, lipid
peroxidation may be a useful marker for oxidative
stress, which may help in early diagnosis and
prognosis of secondary complications in maternally
inherited type 2 diabetes mellitus. Further, new
drug discoveries are essential to halt the insulin
resistance, created via mitochondrial abnormalities.
However, large cohort and meta-analysis studies on
different populations are required to know more
about the pathogenesis of maternal inheritance of
type 2 diabetes mellitus.

ACKNOWLEDGEMENT: The financial support
provided by the University Grants Commission
(UGC) (47-565/13 WRO) is greatly acknowledged.
Authors are thankful to the Institutional Ethical
Committee of “Swami Vivekanand Medical
Mission” and all participants for their valuable
contribution and cooperation for the study.

REFERENCES:

1. Patti ME, Corvera S: The role of mitochondria in the
pathogenesis of type 2 diabetes. Endocrine Review 2010;
31:364-395.

2. Wild S, Gojka R, Green A, Sciref R, King H: Global
prevalence of diabetes estimates for the year 2000 and
projection for 2030. Diabetes Care 2004; 27:1047-1053.

3. Gupta R, Mishra A. Type 2 diabetes in India: regional
disparities: The British Journal of Diabetes and Vascular
Disease 2007; 7:12-16.

4. American Diabetes  Association:  Diagnosis  and
classification of diabetes mellitus. Diabetes Care 2010;
33:62-69.

5. Tangvarasittichai S: Oxidative stress, insulin resistance,
dyslipidemia and type 2 diabetes mellitus. World Journal
of Diabetes 2015; 6:456-480.

6. Lee HC, Song YD, Li HR, Park JO, Suh HC,Lee E et al:
Mitochondrial gene transfer ribonucleic acid (tRNA) Leu
UUR 3243 and tRNA Lys 8344 mutation and diabetes
mellitus in Korea. Journal of Clinical Endocrinology and
Metabolism 1997; 82:372-374.

International Journal of Pharmaceutical Sciences and Research 735



Dongre and Meshram, 1JPSR, 2016; Vol. 7(2): 728-737.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

International Journal of Pharmaceutical Sciences and Research

Poulton J, Scott BM, Cooper A, Marchington DR, Phillips
DIW: A common mitochondrial DNA variant is associated
with insulin resistance in adult life. Diabetologia 1998;
41:54-58.

Vijaya P, Anitha S, Santhini E, Pradeepa D, Tresa D,
Ganesan P et al: Mitochondrial and nuclear gene mutations
in the type 2 diabetes patients of Coimbatore population.
Molecular and Cellular Biochemistry 2010; 345:223-229.
Lamson DW, Plaza SM: Mitochondrial factors in the
pathogenesis of diabetes: a hypothesis for treatment.
Alternative Medicine Review 2002; 7:94-111.

Robert W. Taylor, Doung MT: Mitochondrial DNA
mutation in human diseases. Nature Reviews Genetics
2005; 6:389-402.

Cadenas E, Davies KJ: Mitochondria free radical
generation, oxidative stress and aging. Free radical
Biology and Medicine 2000; 29:222-230.

Birch Machin MA: The role of mitochondria in aging and
carcinogenesis. Clinical and Experimental Dermatology
2006; 31:548-552.

Sologub M, Kochetkov SN, Temiakov DE: Transcription
and its regulation in mammalian and human mitochondria.
Mol Bio (Mosk) 2009; 43:215-229.

Dongre UJ, Meshram VG. Is mitochondrial DNA
responsible for maternally inherited type 2 diabetes
mellitus:A hypothetical review: International Journal of
Pharmaceutical ~ Sciences Review and  Research
2014;28:179-187.

Joseph LE, Ira DG, Betty AM, Gerold MG: Oxidative
stress and stress activated signalling pathways: A unifying
hypothesis of type 2 diabetes. Endocrine Reviews; 23:599-
622.

Wolf SP: Diabetes mellitus and free radicals:Free radicals,
transition metals and oxidative stress in the etiology of
diabetes mellitus and complications. Britsh Medical
Bulletin 1993; 49:642-652.

Antonio A, Mario FM, Sandro A: Lipid
peroxidation:Production  metabolism and  signalling
mechanism of malonaldehyde and 4-hydroxy-2-Nonenal.
Oxidative Medicine and Cellular Longevity 2014:1-31.
Joyce AN, Robert K: n-3 long chain polyunsaturated fatty
acids in type 2 diabetes: a review. Journal of the American
Diabetic Association 2005; 105:428-440.

Slatter DA, Bolton CH, Bailey AJ: The importance of lipid
derived  malondialdehyde in  diabetes  mellitus.
Diabetologia 2000; 43:550-557.

Gallou G, Ruelland A, Legras B, Maugendre D, Allannic
H, Cloarec L: Plasma malondialdehyde in type 1 and type
2 diabetic patients. Clinica Chimica Acta 1993; 214:227-
234,

Bhatia S, Shukla R, Madhu V, Gambhir JK, Prabhu KM:
Antioxidant status, lipid peroxidation and nitric oxide end
products in patients of type 2 diabetes mellitus with
nephropathy. Clinical Biochemistry 2003; 36:557-562.
Altomare E, Vendemiale G, Chicco D, Procacci V, Cirelli
F: Increased lipid peroxidation in type 2 poorly controlled
diabetic patients. Diaebete & Metabolisme 1992; 18:264-
271.

Aebi H, Wyss SR, Scherz B, and Gross J: Properties of
erythrocyte catalase from homozygotes and hetrozygotes
for swiss type acatalasemia. Biochemical Genetics 1976;
14:791-797.

Crouch RK, Gandy SE, Kimsey G, Galibraith RA,
GAlibraith GMP, Buse MG: The inhibition of islets
superoxide dismutase by diabetogenic drugs. Diabetes
1981; 30:235-241.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Ken CF, Lee CC, Duan KJ, Lin CT: Unusual stability of
manganese superoxide dismutase from a new species,
tatumella ptyseas CT: its gene structure, expression and
enzymatic properties. Protein Expression and Purification
2004; 40:42-50.

Markulnd S, Marklund G: Involvement of superoxide
anion radical in the autooxidation of pyrogallol and a
convenient assay for superoxide dismutase. Eur. J.
Biochem 1974; 47:469-474.

Rotruck JT, Pope AL, Ganther HE, Swanson AB, HAfman
DG, Hoekstra WG: Selenium: Biochemical role as a
component of glutathione peroxidase. Science 1973,
179:588-590.

Beutler E, Duran O, Kelly BM. Improved method for the
determination of blood glutathione. J Lab Clin Med 1963;
61:882-8.

Stocks J, Dormandy TL. Autooxidation of human red cell
lipids induced by hydrogen peroxide. British Journal of
Heamatology 1971; 20:95-111.

Annadurai T, Vasantkumar A, and Geraldine P, Thomas P:
Variation in erythrocyte antioxidant levels and lipid
peroxidation status and in serum lipid profile parameters in
relation to blood haemoglobin A1C values in individuals
with type 2 diabetes mellitus. Diabetes Research and
Clinical Practice 2014; 105:58-69.

Kalron A: Association between perceive fatigue and giant
parameters measured by an instrumented treadmill in
people with multiple sclerosis; A cross sectional study.
Journal of Neuro Engineering and Rehabitilation 2015;
12:1-9.

Lowell BB, Shulman GL: Mitochondrial dysfunction and
type 2 diabetes mellitus. Science 2005; 307:384-387.

Rolo AP, Palmeira CM: Diabetes and mitochondrial
function: role of hyperglycemia and oxidative stress.
Toxicology and applied pharmacology 2006; 212:167-178.
Giugliano D, Ceriello A, Paolisso G: Oxidative stress and
diabetic vascular complications. Diabetes Care 1996;
19:257-267.

Giugliano D, Ceriello A, Paolisso G: Diabetes mellitus,
hypertension and cardiovascular disease: which role for
oxidative stress?. Metabolism 1995; 44:363-368.

Chelikani P, Fita I, Loewen PC: Diversity of structures and
properties among catalases. Cellular and Molecular Life
Sciences 2004; 61:192-208.

Boon, Elizabeth M, Downs A, Marcey D: Catalase: H,0,:
H202 oxidoreductase. Catalase Structural tutorial text
2007; 02.

Maehly A, Chance B: The assay of catalases and
peroxidises. Methods of Biochemical analysis 1954,
1:357-424.

Kumawat M, Sharma TK, Singh I, Singh N, Ghalaut VS,
Vardey SK et al: Antioxidant enzyme and lipid
peroxidation in type 2 diabetes mellitus patients with and
without nephropathy. North American Journal of Medical
Sciences 2013; 5:213-219.

Keilin D, Nichols P: Reactions of catalase with hydrogen
peroxide and hydrogen donors. Biochemica et Biophysica
Acta 1958; 29:302-307.

Czapski G, lian AY: On the generation of hydroxylation
agent from superoxide radical. Can the Haber-weiss
reaction be the source of OH radicals?. Photochemistry
and Photobiology 1978; 28:651-653.

Kehrer JP: The Haber-Weiss reaction and mechanisms of
toxicity. Toxicology 2000; 149:43-50.

Liod RV, Hanna PM, Mason RP: The origin of hydroxyl
radical oxygen in the fenton reaction. Free Radical
Biology and Medicine 1997; 22:885-888.

736



Dongre and Meshram, 1JPSR, 2016; Vol. 7(2): 728-737.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Winterbourne CC: Toxicity of iron and hydrogen
peroxide:the Fenton reaction. Toxicology Letters 1995;
82:969-974.

Imlav JA, Chin SM, Linn S: Toxic DNA damage by
hydrogen peroxide through the fenton reaction in vivo and
in vitro. Science 1988; 240: 640-642.

Zelko IN, MAriani JJ, Folz RJ: Superoxide dismutase
multienzyme family:A comparison of the Cu/zn SOD
(SOD1), MnSOD (SOD 2), and EC (SOD3) gene
structures evolution and expression. Free Radical Biology
and Medicine 2002; 33:337-349.

Baynes JW: Role of oxidative stress in development of
complications in diabetes. Diabetes 1991; 40:404-412.
Grzelak A, Soszynski M, Bartosz G: Inactivation of

antioxidant enzymes by peroxinitrite. Scandinavian
Journal Clinical and Laboratory Investigation 2000;
60:253-258.

Yan H, Harding JJ: Glycation induced inactivation and
loss of antigenicity of catalase and superoxide dismutase.
Biochemical Journal 1997; 328:599-505.

Abou-Seif MA, Youssef AA: Evaluation of some bacterial
changes in diabetic patients. Clinica Chimica Acta 2004;
346:161-170.

Ng CF, Schafer FQ, Buettner GR, Rodgers VG: The rate
of cellular hydrogen peroxide removal shows dependency
on GSH: Mathematical insight into invo H202 and GPX
concentration. Free Radical Research 2007; 41:1201-1211.
Little C, Olinescu R, Reid KG, Obrien PJ: Properties and
regulation of glutathione peroxidase. Journal of Biological
Chemistry 1970; 245: 3632-3636.

Baud O, Greene AE, Li J, Wang H, Volpe JJ, Rosenberg
PA: Glutathione peroxidase-catalase cooperativity is
required for resistance to hydrogen peroxide by mature rat
oligodendrocytes. The Journal of neuroscience 2004;
24:1531-1540.

Franco R, Schoneveld OJ, PappaA, Panyiotidis MI: The
central role of glutathione in the pathophysiology of
human  diseases. Archieves of physiology and
Biochemistry 2007; 113:243-248.

Robertson RP, Harman J, Trano PO, Tanaka Y Takashi H:
Glucose toxicity in beta cells:type 2 diabetes good radicals
gone bad, and the glutathione connection. Diabetes 2003;
52:581-587.

DincerY, Akcay T, Aldemir ZP, likova H: Assesment of
DNA based oxidation of glutathione level in patients type
2 diabetes. Mutation Research 2002; 505:75-81.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Ramanathan M, Jaiswal AK, and Bhattacharya SK:
Superoxide dismutase, catalase and glutathione peroxidase
activities in the brain of streptozotocin induced diabetic
rats. Indian Journal of Experimental Biology1999; 37:182-
183.

Lee SR, Kim JR, Kwon KS, Yoon HW, Levine RI,
Ginsburg A et al: Molecular cloning and characterization
of a mitochondrial celenocystiene containing thiredoxin
reductase from rat liver. The Journal of Biological
Chemistry 1999; 274:4722-4733.

Davi G, Falco A, Patrono C: Lipid peroxidation in diabetes
mellitus. Antioxidants and Redox signalling 2005; 7:256-
268.

Soliman GZ: Blood lipid peroxidation (superoxide
dismutase, malonaldidehyde, glutathione) levels in
Egyptian type 2 diabetes patients. Singapore Medical
Journal 2008; 49:129-136.

Griesmacher A, Kindhauser M, Andert S, Schreiner W,
Toma C, Knoebl P et. al: Enhanced serum levels of
thiobarbituric acid reactive substances in diabetes mellitus.
The American Journal of Medicine 1995; 98:469-475.
Krauss RM: Lipids and lipoproteins in patients with type 2
diabetes mellitus. Diabetes Care 2004; 27:1496-1504.
Ginsberg HN: Diabetic dyslipidemia: basic mechanisms
underlying the common hypertriglyceridimia and low
HDL cholesterol levels. Diabetes 1996; 45:27-30.
Nacitarhan S, Ozben T, Tuncer N: Serum and urine
malondialdehyde levels in NIDDM patients with and
without hyperlipidemia. Free Radic Bio Med 1995;
19:893-896.

Philip B, Antonio G, John CL, Jaman M, Szcarek M, Scott
M et al: HDL Cholesterol, very low levels of LDL

cholesterol and cardiovascular events. New England
Journal of Medicine 2007; 357:1301-1310.
Eckardstein V, Arnold, Sibler, Rahel A: Possible

contributions of lipoproteins and cholesterol to the
pathogenesis of diabetes mellitus type 2. Current Opinion
in Lipidology 2011; 22:26-32.

Gowari MS, Deneys R, Westhuyzen VD, Bridges SR, and
Anderson JW: Decreased protection by HDL from poorly
controlled type 2 diabetic subjects against LDL oxidation
may be due to the abnormal composition of HDL.
Avrteriosclerosis, Thrombosis and Vascular Biology 1999;
19; 2226-2233.

How to cite this article:
Dongre UJ and Meshram VG: Alterations in Plasma Antioxidant Enzyme Levels and Serum Lipid Profile Parameters In Relation To Lipid
Peroxidation in Individuals with Maternally Inherited Type 2 Diabetes Mellitus. Int J Pharm Sci Res 2016; 7(2): 728-37.doi:
10.13040/1JPSR.0975-8232.7(2).728-37.

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

737




