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Abstract:

Aim: This study has been undertaken to evaluate an activity of glutathione dependant antioxidant enzymes in patients with a
history of maternal inherited type 2 diabetes mellitus.

Method: The present study included three families among which two families are diabetic and one normal healthy family as
control. The level of Glutathione, glutathione reductase, glutathione peroxidase and glutathione —s- transferase were estimated
via various biochemical standard methods.

Result: As compared to the normal healthy control samples the level of glutathione was found significantly decreased in both
the diabetic families (family 1 p<0.01 and family 2 p<0.001). There was no significant difference in glutathione reductase
activity in family 1 (p>0.05) and family 2 (p>0.05). This study shows an increase in an activity of glutathione peroxidase in
family 1 (p<0.001), family 2 (p<0.001) and Glutathione —s-transferase in family 1 (p<0.01), family 2 (p<0.01).

Conclusion: This study represents the levels of various glutathione based antioxidant enzymes, which can use as a marker for
antioxidant levels in maternally inherited type 2 diabetes mellitus.
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INTRODUCTION:

Diabetes mellitus is widespread not only in India but also
around the world. As per the American Diabetes
Association (ADA) approximately 25.8 million people
have been reported with diabetes, 18.8 million people are
diagnosed with diabetes and 79 million people are in pre
diabetic state [1,2]. In the year 2000 the widespread of the
diabetes mellitus around the world was 171 millions, which
may rise to 366 million in the year 2030 [3,4]. In current
scenario, more than 40 million people in India are diabetic
[5]. Mitochondria are involved in energy generation via
oxidative phosphorylation. Oxidation of glucose generates
various reducing equivalents like FADH2 and NADH,
which exerts their electron to the electron transport chain
and initiates an energy generation process [6,7]. But during
the transport of electron through the electron transport
chain it may get leaked. Leaked electron can generate free
radicals like, peroxinitrite (ON0O0O’), OH-, O, H202 etc.,
which are highly reactive in nature and can react with
DNA, protein and other cell components. It may cause
aberrant cellular communications [8].

Humans have generated a defence mechanism against these
free radicals attack through various antioxidant enzymes,
including catalase, superoxide dismutase, glutathione
reductase, glutathione peroxidise, glutathione s transferase,
etc. [9], among these enzymes glutathione based enzymes
carrying potent scavenging activity for H202 [10].

Mitochondria are the main region where respiration takes
place and inherited from mother to their offspring’s.
Nuclear DNA in association with mitochondrial DNA
codes for the polypeptide of an electron transport chain. An
abnormal mitochondrial DNA may codes for an unusual
polypeptide, which may result in lower ATP generation and
thus reported as a causative agent for type 2 diabetes
mellitus. Maternal inheritance of such defective
mitochondria can generate more oxidative stress in families
[11,12,13,14,15].

GSH contain a thiol group and prevalent in almost every
tissues of mammals in an opulent amount to defend an
oxidative stress and recorded as a potent biomarker for the
redox imbalance within the cells [16]. Many studies
corroborate the role of GSH in diabetes [17]. Reduced GSH
level reported as one of the factors of DNA damage by
oxidative stress in type 2 diabetes mellitus [18]. Oxidative
stress is generated by an imbalance between free radicals
and its scavenging systems. An aberrant activity of
antioxidant enzymes may generate high oxidative stress in
patients of type 2 diabetes mellitus, which may give rise to
other serious complications [19].

MATERIAL AND METHOD:
Sample collections and family history: Altogether
eighteen samples from three families has been selected for
this study, wherein family 1 and family 2 are diabetic
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whereas family 3 is non diabetic (healthy control) between
the age group of 18 to 70 years. Samples were collected
after taking a signed consent form from the patients. All the
samples and family history of patients were taken from
“Diabetes Hospital” of Dr. Shailesh Pitale, located at
Nagpur, Maharashtra, India.

Inclusion Criteria: Families with a history of maternally
inherited diabetes.

Exclusion Criteria: Any kind of paternal history of type 2
diabetes mellitus, type 1 diabetes mellitus, Juvenile
diabetes mellitus.

Sample Preparation:

1 ml blood samples were collected in EDTA vacutainer
tubes. Then it was centrifuged at 3000xg for 15 minutes for
collection of plasma. The plasma samples were
recentrifuged at 3000xg for same time to avoid the
carryover of blood cells and were collected in new tubes.
All collected plasma samples were stored at -20°C until
further analysis.

Enzymatic Analysis: All standard methods were used to
determine the concentration of various glutathione based
antioxidant enzymes. Glutathione was estimated according
to the method given by Beutler et. al. (1963) [20], an
activity of Glutathione Reductase was assayed by the
method of Racker et. al. (1955) [21], Glutathione
Peroxidise was estimated by the method of Rotruck et. al.
(1973) [22], Glutathione -S- Transferase was assayed as per
Habig et. al. (1974) [23] and protein was estimated by
Lowery method (1951) [24].

Statistical Analysis: Statistical analyses were done using
Med Calc statistical software. All results were expressed in
Mean + SD. The two tailed probability student’s T test was
used to differentiate between the two diabetic families
assuming unequal variance. P< 0.05 was taken as a
standard for significance difference.

RESULT:

Table 1 shows the general data about both diabetic family 1
and 2 and normal control samples selected for the study.
This study corroborates that, as compared to normal control
subjects, the activity of glutathione was significantly
decreased not only in family 1 (p<0.01) but also in family 2
(p<0.001) [Table 2, Fig 1(A)]. This study did not show any
significant difference in an activity of glutathione reductase
in family 1 (p>0.05) and family 2 (p>0.05) [Table 2, Fig 1
(B)]. In addition to this the activity of glutathione
peroxidase was significantly increased in familyl
(p<0.001) as well as in family 2 (p< 0.001) [Table 2, Fig
1(C)]. An activity of glutathione —s- transferase were
significantly increased in both Familiyl (p<0.01) and
family 2 (p<0.01) [Table 2, Fig 1 (D)].
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Fig 1: Activity of various antioxidant enzymes, including
Glutathione represented by a graph (A), the Glutathione
Reductase, glutathione Peroxidase and Glutathione s
Transferase by (B), (C) and (D) respectively; in normal
control samples and in diabetic family 1 and family 2.
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Table 1: GENERAL DATA OF SELECTED FAMILIES.

CONTROL FAMILY1 FAMILY?2

PARAMETERS TOTAL Obs. MEAN+SD MEAN+SD MEAN=SD
(No. Obs. 6) (No.Obs. 6) (No. Obs. 6)

AGE (YEARS) 18 51.33+13.14 44.66+7.32 46.16+£13.37
ONSET 12 36.33+5.78 35.33+6.68
WIEGHT (Kg) 18 66.00+7.32 77.50+13.75 81.00+8.22
FPGLU (Mg/dL) 18 90.66+14.96 212.00+53.09 233.66+51.13

Obs. = Observations, No.Obs. = Number of observations, FPGLU = Fasting Plasma Glucose.

Table 2: A statistical analysis of Glutathione, Glutathione Reductase, Glutathione Peroxidase and Glutathione s

Transferase.
ENZYMES GROUPS MEAN=SD
CONTROL 1.025+0.086
GSH (1 Mol /Mg protein/ML) FAMILY1 0.827+0.066™**
FAMILY2 0.698+0.025%***
GUTATHIONE REDUCTASE(Units/Mg CFik'ATlﬁs'l‘ 8‘gggfg‘88§*
protein/ML) FAMILY2 0.056+0.009%
GULTAHIONE PEROXIDASE (Units/Mg iimﬁs'l‘ g'i%fg'g;‘l‘*ﬂ*
protein/ML) FAMILY2 0.517+0.109%***
CONTROL 0.014+0.003
RANSFERASE (Units/Mg profein/ML) FAMILY1 0.044£0.014*
FAMILY2 0.05320.015%**

*p>0.05, ***p<0.01 and ****p<0.001

DISCUSSION:

Defective mitochondria can accelerate an altered redox
reaction at cellular level via increased free radical
generation [25]. High concentration of reactive oxygen
species and low concentration of an antioxidant enzymes
may cause type 2 diabetes mellitus [26]. Various
antioxidant enzymes and other naturally occurring
antioxidants, which mostly include vitamins, play a vital
role in free radicals scavenging mechanism [27].
Glutathione is thiol group containing antioxidant occur in
reduced (GSH) as well as in oxidised form (GSSG). The
reduced form of glutathione get oxidised by reducing the
disulfide bonds [28]. The reduced GSH level could be a
marker for diabetes mellitus [29]. As glutathione is thiol
based antioxidant its mechanism of action strictly relies on
the concentration of cyteine. Diabetic patients altered
glutathione synthesis, but it is restored if cystiene and
glycine riched dietary supplementations have been
provided to the patients [30]. This study evince that, there
is a significant decrease of glutathione in both the diabetic
families as compared to the control healthy subjects.
Glutathione reductase is another glutathione based
antioxidant enzyme, which defend redox alterations at
cellular levels. The oxidised glutathione get reduced to two
molecules of glutathione by this enzyme via NADPH
(Nicotinamide Adenine Dinucleotide) as an electron donor
[31,32]. Likewise, the conversion of reduced glutathione to
its oxidised form is carried out by Glutathione peroxidise. It
detoxifies the hydrogen peroxide (H202) to water (H20)
molecule [33]. Mammalian glutathione peroxidise are
classified as GPX1, GPX2, GPX3 and GPX4 which are
basically selenium containing enzymes [34]. Many studies
affirm the decrease activities of Glutathione Reductase and
Glutathione Peroxidase in type 2 Diabetes Mellitus [35,36].

This study exhibited no significant difference in an activity
of Glutathione Reductase in both the diabetic families,
whereas highly significant increased activity of Glutathione
Peroxidase has been observed.

Glutathione —S- Transferase found mostly in the cytoplasm,
microsomes and in mitochondria [37]. It catalyses the
nucelophilic attack through Glutathione (GSH) on an
electrophilic carbon, nitrogen and sulphur atoms.
Generation of s-thiolated proteins and its transportation is
another function included in the credit of GST [38].
Increase or the decrease in the concentration of GST results
in an altered diseased condition [39]. An increase of 5to 8
fold in an activity of GST in control rats than streptozotocin
induced diabetic rats represented as a marker for type 2
diabetes mellitus [40]. The present study shows a
significant increase of GST activity in both maternally
inherited type 2 diabetes mellitus families. This is
accordance with Raza et.al. [41].

CONCLUSION:
This study cogitated on glutathione dependant antioxidant
enzyme in families with a history of maternally inherited
type 2 diabetes mellitus. As quoted before, mitochondria
are the main culprit for the redox complications. As it is
inherited maternally it could increase oxidative stress in
these types of patients, which can damage to DNA and
other cellular components and increases the risk of other
serious complications for them. Glutathione based
antioxidant enzyme can resist this cellular alterations most
efficiently as they are highly rich in thiol group, cysteine
and selenium. Therefore, monitoring glutathione dependent
antioxidant enzymes could be of crucial importance to
prevent other diabetic complications.
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