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ABSTRACT

Oxidative stress and antioxidant status was evaluated in relation te glycemic contral in
Type 1 and 2 Diabetes Mellitus patients (DM). A total of 69 DM patients (34 T1 and 35 T2DM
cases) were enrolled in the study along with 15 healthy subjects. The patients were grouped into
those with good glycemic control and others with poor glycemie control. Serum fructosamine levels
were also determined as a supportive parameter for confirming glycemie status. Serum
Malondialdehyde (MDA} level was used as a marker of oxidative stress and serum catalase activity
was quantitated for an assessment of anti-oxidant status of the patients. Mean MDA levels in poor
glycemie control group of T1 and T2DM were significantly higher (p<0.01) not only than the means
of the healthy controls but also than the means of diabeteic groups with good glycemic control
(p<0.01). Mean serum catalase activity was significantly reduced in DM patients of all the groups
compared to that of healthy controls (p<0.05) indicating considerable reduction in the anti-oxidant
status of the patients.
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INTRODUCTION

Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) are believed to play a
dual role as both deleterious and beneficial species (Valko ef al., 2007). Normally both these species
are generated by well regulated enzymes such as NO Synthase (NOS) and NAD(F)H oxidase
isoforms. However excessive production of KOS (arising either from mitochondrial electron
transport chain or excessive stimulation of NAD{PYH oxidase) results in oxidative stress a process
in which Superoxide radicals interact with lipids, proteins and DINA (Bains and Shaw, 1897). On
the contrary the beneficial effects of ROS/RNS are observed at low/moderate concentrations for
example in defense against infectious agents as observed in polymorphonuclear phagoeytosis
(Nagl et al., 2002). Reports are available in the literature that claim that excess ROS within cells
are involved in intracellular signaling which induce and maintain oncogenic phenotype of cancer
cells; however, they can also induce cellular senescence and apoptosis and hence, can fuction as
anti-tumorigenic species (Valko et al., 2007). Oxidative stress has been function as implicated as
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an important pathophysiological process to linked to common complex human diseases like Diabetes
mellitus (Yorek, 2003) and Cardiovascular diseases, hypertension, atherosclerosis, cancer,
neurodegenerative disease, rheumatoid arthritis and aging (Bains and Shaw, 1997).

The aim of the present study is to evaluate oxidative stress in relation to glycemic controls in
diabetes mellitus. The importance of such studies can be realized in both (T1 and T2DM) due to
high prevalence of T2DM in the last two decades and it is estimated that the number of T2 diabetes
across the world is likely to be more than double (Chaturvedi, 2007). High incidence of
cardiovascular disease has heen chserved in diabetic patients which 1s associated with high
morbidity and meoertality (Brownlee, 2001). However, microvascular complications such as
retinopathies, nephropathy and neurcpathy are also frequently observed in patients with diabetes
(both T1 and T2) (Brownlee, 2001; Ceriello, 2011; Yorek, 2003). Oxidative stress is considered not
only as an important mechanism contributing not only to the causation of diabetes mellitus but also
toits associated complications (Ceriello, 2011). Various lines of evidence suggest that hyperglycemia
observed in DM cases induces excessive generation of free radicals. Hence, in the present study we
evaluated Oxidative stress in both T1 and T2DM patients in relation glycemic control by measuring
serum MDA levels, a marker of Oxidative stress. Fasting bleod glucose and serum fructesamine
levels as indicators of extent of glycemic control. Serum catalase activity has been determined as
a parameter of anti-oxidant status. An important aspect of this study is that it reports not only
MDA levels as an indicator of extent of lipid peroxidation but also serum catalase activity as a

determinant of anti-oxidative status of the DM patients.

MATERIALS AND METHODS

This study was conducted on the patients diagnosed as suffering from DM (T1/T2DM) based
on the provisional diagnosis and Fasting Plasma Clucose (FPG) levels higher than 126 mg dL™"
{ADA, 2013). These cases were visiting the Diabetic clinic-out patient wing of Department of
Medicine, Princess Ksra Hospital, Hyderabad, India.

The study protocol was approved by Institutional Ethics Committee. An informed consent was
obtained from all the patients and controls participating in the study. The control group (Group 1)
comprised of 15 healthy subjects both males and females in the age group of 25-B0 years with no
history of hypertension and were non smokers. The T1DM group (Group 2) comprised of 34 patients
{19 females and 15 males) falling in the age range of 13-33 years. Kstimation of serum creatinine
levels, examination of deep and superficial reflexes, touch, position and vibration sense were
performed to rule out any complications. X-ray chest, KCG was taken to rule out any chronic
infection and ischemic heart disease. Group 3 comprised of 25 TZ2DM cases (19 males and
16 females) falling in the range of 31-52 years. All the investigations carried out to rule out any
complications and chrenic infections in T1DM cases were also done in T2DM patients to rule out
any complications. The T1 and T2DM cases were further subgrouped into those with poor glycemic
control and goed glycemic control (T1DM Group 2a: Poor glycemic control (FPG<126 mg dL.™Y and
Group 2b: Good glycemic control (FPG=125 mg dL); Similarly, 3a and 3b for T2DM).

Collection of sample: Fasting venous blood samples (5 mL) were collected from both the patients
and healthy subjects and were distributed inte £ vials. One with anti-coagulant and other without
anticoagulant to collect the serum which was used to estimate malonaldehyde, catalase and

fructosamine.
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Estimation of biochemical parameters: Fasting Flasma Glucose levels (FP() were determined
using the blood glucose oxidase method. Serum fructosamine levels were determined according to
modified Winzlers procedure as described by Kennedy et al. (1979) and the values were expressed
as mg percent. Serum MDA levels were determined by Thiobarbituric Acid Substances (TBARS)
assay (Ksterbauer and Cheeseman, 1990) where one molecule of MDA in serum reacts with two
molecules of TBA in acidic medium and gives rise to a pink color complex which i1s measured
spectrophotometrically at 532 nm against distilled water blank. The values were expressed as
nanomoles per deciliters (nmoles dL™'). Serum catalase activity was determined according to the
method of Goth (1991). The method was based on spectrophotometric assay of Hydrogen peroxide
based on the formation of stable color complex with Ammonium Molybdate. The enzyme activity
was expressed as kU L.

RESULTS

Details of the mean levels of plasma glucose, serum fructosamine, MDA and catalase activity
are given in the Table 1. Levels of fasting plasma glucose and serum fructosamine have been
determined as indicators of glycemic control and to subgroup the T1 and T2DM cases into those
with good and poor glycemic control. All the individuals in the healthy subjects (Group 1) had FPG
<100 mg dL~: While T1DM patients and T2DM patients with good glycemic controls had FPG levels
less than the cut-off the value <125 mg dL ! as recommended by ADA (2013). Similarly the mean
serum fructosamine levels did not differ significantly in these groups (Group 1, 2b and 3b)
indicating good glycemic control in these patients. In T1DM and T2DM patients with poor glycemic
control the mean FPG values were higher than 126 mg dL™! (a value recommended by ADA to
diagnosing a case suffering from diabetes mellitus).

Serum fructosamine levels were significantly (p<0.01) higher in T1 and T2DM patients with
poor glycemic controls (Group 2a and 3a) when compared with healthy subjects and also patients
with good glycemic controls. However, the mean fructosamine levels in diabetic patients with good
glycemic controls (Group 2b and 3b) and in healthy subjects did not differ significantly.

Statistically significant difference was noted between the mean levels of fructosamine in T1IDM
patients with good and peor glveemic controls (p<0.01). Similar results were cbtained in T2DM
cases with poor and good glycemic controls (p<0.01).

Serum MDA level were significantly higher (p<0.001) in diabetic patients with good and poor
glycemic controls (Group 2a, 2b and 3a, 3b) when compared with healthy subjects (Group 1).

Table 1: Levels of fasting plasma glucose, serum fructosamine, malonaldehyde and catalase activity in patients and controls

Fasting blood Serum Malonaldehyde Catalase
Groups No. glucose (mg dL7Y)  fructosamine (mg %)  (nmoles dL ™) activity (kU L™
1 (Control: Healthy subjects) 15 78.40+£8.70 147.404+24 .60 176.50+18.03 44,6046 .90%*
2a (T1DM poor glycemic control) 16 221.124£90.01** 244 68168 88 550.00L£133.76%** 26.81+11.70
2b (T1DM good glycemic control) 18 74.20+£15.09 152.22+20.90 417.72+123.67 33.05+12.37*
3a (T2DM poor glycemic control) 16 192.31+88.69** 236.87+78.60%* 382.TH67 .40%* 25.75+4.00%*
3b (T2DM good glycemic control) 19 88.52+15.37 149.21+27.80 277.05+£50.35 30.63+4.83

*p=<0.05, ¥*p<0.01, ***p<(.001. Significant level for (A) Serum MDA levels, (1): Group 3a vs. Group 3b p<0.05, (2): Group 2a vs. Group
2b p=<0.05, (B) Serum Catalase activity, (1): Group 1 vs. Group 2a p<0.01, (2): Group 1 vs. Group 2b p<0.05, (3): Group 1 vs. Group 3a
p<0.01, (4% Group 1 vs Group 3b p<0.05
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Between subgroups Group 2a T1DM patients with poor glycemic control showed significantly
higher (p<0.05) serum MDA levels compared to Group 2b patients with good glycemic control.
Similar results were obtained when Group 3a and 3b of T2DM cases were compared.

In this study, serum catalase levels were significantly lower in diabetic patients of all groups
{Group 2a, 2b, 3a and 3b) when compared with healthy subjects (Group 1) (p<0.05). There was no
significant difference in catalase activity in T1DM patients (Group 2a) and those with controlled
blood sugar levels (Group 2b). However, the activity of this enzyme in Group 3a (poor glycemic
control) of T2DM was significantly lower than in Group 3b (T2DM patients with good glycemic
controls) (p<0.05).

DISCUSSION AND CONCLUSION

iQuantitative estimation of MDA, an end product of lipid peroxidation produced by interaction
of free radical with membrane phospholipids, is considered as a reliable indicator of oxidative stress.
There are reports implicating the role of hyperglycemia in increasing free radical generation and
consequent oxidative stress induced damage to cells and tissues in both type T1 and T2DM cases
resulting in the complications asscciated with DM (Johansen et «l., 2005; Moussa, 2008,
Giugliano ef al., 1998). Significantly elevated levels of MDA in type T1 and T2DM patients with
poor glycemic controls (Group 2a and 3a) i1s attributed toe chronic hyperglycemic state.
Hyperglycemia has been implicated in reactive oxygen (ROS) production. It has been reported that
the elevated plasma glucose levels results in increase in production of electron donors (NADH/H™)
from TCA cycle in tissues like retina, lens, vascular endothelial cells, smooth muscle cells and
pancreatic beta cells which do not require insulin for uptake of glucose. This increased production
of electron donors results in the transfer of single electrons (instead of usual electron pairs) to
oxygen producing superoxide radicals and other reactive oxygen species (instead of water as the
usual end product) (Cenello, 2011).

The superoxide radical so produced is reported to partly inhibit the activity of key glycolytic
enzyme, Glyceraldehyde-3-phosphaste dehydrogenase as a result of which glucose and its
intermediates enter into Polyol and Hexosamine pathways {Ceriello, 2011). The increased substrate
flux through Polyol pathway results in decreased levels of NADPH and reduced glutathione (GSH).

There is compelling evidence that the increased generation of ROS causes oxidative stress
leading to the onset of diabetes (Rosen et al., 2001; Johansen et al., 2005). Thus excessive ROS
generation and other metabolic abnormalities (oxidation of fatty acids) are considered to play an
important role in the development of Diabetes mellitus and its complications (Matough et al., 2012).
The fact that the levels of MDA in both type T1 and T2DM cases with good glycemic control in the
present study still remains significantly higher than those in healthy subjects (p<0.01) indicates
that apart from hyperglycemia there are other factors like oxidation of free fatty acid that may be
contributing to excessive ROS generation.

Catalase is an important antioxidant enzyme which protects the cells from toxic effects of
Hydrogen peroxide, generated during cell metabolism. It is present in all most all cells in human
body but has been reported to be present in low quantities in pancreatic beta cells which explain
high sensitivity of these cells to ROG. In view of afore mentioned reason catalase was selected in
the present study in the serum of diabetic patients (Tiedge ef al., 1997). In this study there was
significant decrease in the activity of serum catalase both in T1 and T2DM cases (p<0.05). This
observation is supported by Goth (2008) who reported that catalase activity in T2DM cases was
reduced compared with non-diabetics. Even in gestational diabetes significantly decrease in activity
of this enzyme has been demonstrated (Goth et al., 2006),
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In a study, in T1 diabetic patients when blood glucose was strictly controlled, it was not
accompanied by any remarkable changes in the prooxidant-antioxidant balance. Increased
oxidative stress which also causes levels of circulating antioxidants to fall due to increased
consumption is offered as an explanation for decreased catalase activity observed in the present
study in diabetic patients (MacRury et «l., 1993). Glycation of the antioxidant enzymes which
reduce their capacity to detoxify oxygen radicals may also be an important cause for the observed
reduced catalase activity in our patients (Fatima et af., 2012).

In view of the significant role of oxidative stress in pathogenesis of T1 and T2DM the use of
antioxidants like Vitamin C, K and minerals has been recommended as supplement therapy. Diet,
rich in antioxidants can also be of help in slowing down the process of oxidative stress. However,
in the absence of antioxidant therapy the use of statins, ACE inhibitors and angiotension receptor
blockers has been suggested as preventive antioxidants (Ceriello, 2011).

The advancements made in unraveling molecular mechanisms of free radical generation in
diabetes may lead to evaluation of antioxidant molecules that may mimic the activity of superoxide
dismutase and catalase (Ceriello and Testa, 2009) and may effectively inhibit the molecular events
leading to diabetic complications.

REFERENCES

ADA, 2013. Standards of medical care in diabetes-2013. Diabetes Care, 36: 511-566.

Bains, 5. and C. A. Shaw, 1997, Neurodegenerative disorders in humans: The role of glutathione
in oxidative stress-mediated neuronal death. Brain Res. Rev., 25: 335-358,

Brownlee, M., 2001. Biochemistry and molecular cell biology of diabetic complications. Nature,
414: 813-820.

Ceriello, A. and R. Testa, 2009, Antioxidant anti-inflammatory treatment in T2 diabetes. Diabetes
Care, 32: 5232-5238.

Ceriello, A., 2011. Diabetic complications: From oxidative stress to inflammatory cardiovascular
disorders. Medicographia, 33: 29-34,

Chaturvedi, N., 2007. The burden of diabetes and its complications: Trends and implications for
intervention. Diabetes. Clin. Pract., 76: 53-512.

Esterbauer, H. and K.H. Cheeseman, 1990, Determination of aldehydic lipid peroxidation products:
Malonaldehyde and 4-hydroxynonenal. Meth. Enzymol., 186: 407-421.

Fatima, M., M.Z. Chishti, F. Ahmad and B.A. Lone, 2012, Epidemiological study of Fasciolosis in
cattle of Kashmir valley. Adv. Biol. Res., 6: 106-109.

Giugliano, D., A, Ceriello and G. Paolisso, 1996, Oxidative stress and diabetic vascular
complications. Diabetes Care, 19: 257-267.

Goth, L., 1991. A simple method for determination of serum catalase activity and revision of
reference range. Clin. Chim. Acta, 196: 143-151.

Goth, S.R., R.A. Chu, J.P. Gregg, G. Cherednichenko and [.N. Pessah, 2008. Uncoupling of
ATP-mediated calcium signaling and dysregulated interleukin-8 secretion in dendritic cells by
nanomolar thimerosal. Environ. Health Perspect., 114: 1083-1091,

Goth, L., 2008, Catalase deficiency and T2 diabetes. Diabetes Care, 31: e93-293.

Johansen, J.5., AK. Harris, D.J. Rychly and A. Ergul, 2005, Oxidative stress and the use of
antioxidants in diabetes: Linking basic science to clinical practice. Cardiovascular Diabetol.,

Vol. 4. 10.1186/1475-2840-4-5

97



Am. J. Biochem. Mol. Biol., 4 (£): 95-98, 2014

Kennedy, A.L., T'W. Kandell and T.J. Merimee, 1979. Serum protein-bound hexose in diabetes:
The effect, of glycemice control. Diabetes, 28: 1006-1010.

MacRury, 5.M., D. Gordon, K. Wilson, H. Bradley and C.GG. Gemmell ef al., 1993. A comparison of
different methods of assessing free radical activity in T2 diabetes and peripheral vascular
disease. Diabet. Med., 10: 331-335.

Matough, FLA., 8.B. Budin, Z.A. Hamid, N. Alwahaibi and J. Mohamed, 2012, The role of oxidative
stress and antioxidants in diabetic complications. Sultan Qaboos Med. J., 12: 5-18.

Moussa, S.A., 2008. Oxidative stress in diabetes mellitus. Rom. J. Biophys., 18: 225-236.

Nagl, M., L. Kacani, B. Mallauer, .M. Lemberger and H. Staiber et al., 2002, Phagocytosis and
killing of bacteria by professional phagoecytes and dendritic cells. Clin, Diagn. Lab. Immunaol.,
9: 1165-1168.

Rosen, P., P.P. Nawroth, G. King, W. Moller, H.J. Tritschler and L. Packer, 2001. The role of
oxidative stress in the onset and progression of diabetes and its complications: Asummary of a
congress series sponsored byUNESCO-MCBN, the American diabetes association and the
german diabetes society. Diabetes Metah. Res. Rev., 17: 189-212,

Tiedge, M., 5. Lortz, J. Drinkgern and 3. Lenzen, 1997. Relation between antioxidant enzyme gene
expression and antioxidative defense status of insulin-producing cells. Diabetes, 46: 1733-1740,

Valke, M., D. Leibfritz, J. Moncol, M.T.D. Cronin, M. Mazur and J. Telser, 2007. Free radicals and
antioxidants in normal physiological functions and human disease. Int. J. Biochem. Cell Biol.,
39: 44-84.

Yorek, MLA., 2003. The role of oxidative stress in diabetic vascular and neural disease. Free Radical
Res., 37: 471-480.

98



	American Journal of Biochemistry and Molecular Biology.pdf
	Page 1


