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Introduction: Carbonyl groups result from protein oxidation and their level in tissues and
plasma is relatively a stable marker of oxidative damage. Proteincarbonyls in cells and tissues
have beenobserved during oxidative stress.Increasein oxidative stressduring altered
homeostasis of oxidants and antioxidants leads to deleterious effect on cellular components
through oxidative damages to proteins, lipids, nucleic acids. Objectives:The present study is to
evaluate the levels of protein carbonyls as a stable oxidative stress marker in type 2 diabetes
without complications in comparison to the healthy controls. Methods: Three ml ofEDTA
bloodwasused for estimations of HbA1c by HPLC, plasma glucose by Glucose oxidase
peroxidase, plasma insulin by Chemiluminescence, and plasmaprotein carbonyl by Levine et al
using 2,4-dinitrophenylhydrazine.A total of 60 diabetic patients and equal number of healthy
individuals as controls were recruited in the study. Results: The Mean ± SD values of total
protein carbonyl content was 0.70 ± 0.34nmol/ml, fasting plasma glucose 79.12 ± 11.74mg/dl,
HbA1c 5.79±0.66%and plasma insulin 9.58±3.93mcu/ml in control group and the values in the
diabetic group respectively were 1.68 ± 0.47nmol/ml, 182.58 ± 102.42 mg/dl, 8.86 ± 2.24%,
10.89 ± 5.37mcu/ml. The levels of protein carbonyl content, fasting blood glucose and Glycated
hemoglobin were significantly increased in diabetic group compared to the controls. A positive
correlation was observed between Protein carbonyls and glycemic status in controls and type
2 diabetes. Conclusion: Increased oxidative stress, indiabetic group, is doubtlessly induced by
hyperglycemia. The present study indicatesthat an increased level of protein carbonyls
wasobserved in generalized hyperglycemia. Since protein carbonyl formation was known to
later the functional integrity of proteins, it could lead to the development of complicationsin
uncontrolled diabetes and the carbonyls could acts as a stable oxidative stress marker in type 2
diabetes.
c Copyright 2010 BioMedSciDirect Publications IJBMR -ISSN: 0976:6685. All rights reserved.

1. Introduction
Diabetes mellitus is a metabolic disorder characterized by
hyperglycemia and insufficiency in secretion or action of
endogenous insulin. Although, the etiology of this disease is not
well defined, viral infection, autoimmune disease, and
environmental factors have been implicated [1–5]. The most
prevalent form of diabetes mellitus is type 2 diabetes mellitus, that
onset in adult life due to decreased insulin secretion accelerated by
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various genetic factors [6, 7]. The underlying metabolic cause of
this disease is either impairment in insulin-mediated glucose
disposal or defective secretion of insulin by pancreatic β-cells or
both. Insulin resistance can also develop from obesity, physical
inactivity and genetic susceptibility [8, 9]. Insulin resistance
typically accompanied by cardiovascular risk factors such as
dyslipidemia, hypertension, and prothrombotic factors [10,
11].Exogenous insulin and other medications can control many
aspects of diabetes and its complications.
Reactive oxygen species generally damage all biomolecules
due to their catalyticproperties. In vivo, Protein carbonylation is a
metal (copper or iron) accelerated modification occurring to
protein side chain of many amino acids such as lysine, arginine,
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proline or histidine to produce carbonyls. The hypochlorous acid
[HOCL] a major endogenously produced oxidizingspecies released
by an enzyme myeloperoxidase, predominantly induce the protein
carbonylation [12].The protein carbonyl content (PCC) resulted by
oxidation makes the protein resistant to hydrolysis and functional
inactivation of proteins in serum or plasma, cellular components,
membrane proteins etc. since, protein is major constituents of all
forms of the biological system the exact conformation and three
dimensional folding are highly connected to the protein functions,
the restore of nativity of protein is crucial. Thus, critical evaluation
of protein carbonyl content serves asbiomarkers of protein
oxidative damage in various conditions like diabetes, ageing,
neurodegeneration, smoking etc. [13]
In Diabetes, oxidative stress increased because of persistent
hyperglycemia that causes auto oxidation of glucose and the
glycation of proteins [14]. The free radicals generation is more
apparent and potentiates the pathogenesis in terms of cellular
components via destruction, tissue damage and inflammation. The
impact of the increased free radicals beyond the homeostasis of
oxidants and antioxidants results the oxidative stress that has
significant deleterious effect in terms of damage to various cellular
and plasma proteins such as antitrypsin, immunoglobulin, stress
proteins. The aim of the study was to investigate the status of
oxidative stress at generalized increased hyperglycemia in terms of
protein carbonyl content (PCC) and predict the importance of
protein carbonyl content as a stable oxidative stress marker in type
2 Diabetes mellitus.
Study Area
The oxidative stress is increased in diabetic subjects with
hyperglycemia and leads to the formation of protein
carbonyls.Glycemic status in terms of plasma glucose, glycosylated
hemoglobin and plasma insulin levels were to be assessed in order
to find out their relationship between the glycemic status and
protein carbonyls in order to predict a possible application by the
measurement of protein carbonyls as a stable oxidative stress
marker.

quantification of glucose by glucose oxidase peroxidase method
[15]. Plasma insulin is measured by Chemiluminescence method
and protein carbonyls were estimated according to method
described by Levine et al [16]. Which is highly sensitive assay
contains 2,4-dinitrophenylhydrazine (DNPH), which reacts with
protein carbonyls forming a Schiff base to produce the 2,4dinitrophenyl hydrazone product measured
spectrophotometrically at 370nm.All values obtained were
expressed as Mean ± Standard Error of Mean. Statistical analysis
was done to compare the difference in the mean between the
controls and the cases, using non-parametric Spearman's rho test.
A 'p' value <0.05 was considered as statistically significant.
Statistical analysis is performed using SPSS for windows version
11.5.
3. Results:
The Mean ± SD values of total protein carbonyl content was
0.70 ± 0.34nmol/mlas shown in figure 1, fasting plasma glucose
79.12 ± 11.74mg/dl, HbA1c 5.79±0.66%in figure 2 and plasma
insulin 9.58±3.93mcu/ml figure 3 in control group and the values
in the diabetic group respectively were 1.68 ± 0.47nmol/ml,
182.58 ± 102.42 mg/dl, 8.86 ± 2.24%, 10.89 ± 5.37mcu/ml. The
levels of protein carbonyl content, fasting blood glucose and
Glycated hemoglobin were significantly increased in diabetic
group compared to the controls as shown in table 1& figure 4. A
positive correlation was observed between Protein carbonyls and
glycemic status in controls and type 2 diabetes. The Fasting blood
glucose, HbA1c, protein carbonyl content between control and
case group observed (p <001) respectively which is highly
statistically significant however insulin found non-significant (p <
0.49).
Table 1 Indicating the mean and ±SD of FBS, HbA1c, Insulin and
protein carbonyl content in controls and patients with type II
Diabetes Mellitus
Mean And Standard Deviation
Groups

FBS (mg/dl)

Controls

79.12 ±11.74

2.0 Materials and Methods
Sixty patients with type 2 diabetes mellitus and equal number
of normal subjects as volunteersvisited to R. L Jalapa Hospital, Kolar,
India were taken into the study after obtaining institutional ethics
committee clearance and informed consent from the patients. The
exclusion criteria for selection of subjects were similar for both the
controls and cases.Alcoholics, smokers, hypertensives, patients
suffering from diarrhea/vomiting/diuretics and renal disorders
were excluded in the study.
2.1 Procedure
Three ml of fasting venous blood was collected in to EDTA tube,
aliquated for measurement of glycosylated hemoglobin (HbA1C) by
Bio-Rad HPLC method. The remaining sample is centrifuged at
3500 g at 40C to obtain the clear plasma which was used for

HbA1c
(%)

Insulin
(mcu/ml)

5.79 ±0.66 9.58 ±3.93

Type 2 DM 182.58±102.42 8.86±2.24 10.89±5.37

P - Value

<0.001**

<0.001**

<0.007NS

Protein carbonyl
(nmol/ml)
0.70 ±0.34

1.68±0.47

<0.001**

P value < 0.005 = statistically significant, 0.001** = highly
significant, NS= Non significant
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4. Discussion:
Many studies have demonstrated that the presence of
increased oxidative stress in a system where the rate of free radical
production is increased and the antioxidant mechanisms are
impaired. The oxidative stress-induced free radicals have been
implicated in the pathology of IDDM [17-23].Prolonged exposure
to hyperglycemia increases oxygen free radicals through auto
oxidation of glucose followed by consequent nonenzymatic
posttranslational modification between glucose and primary
amino groups of proteins in terms of glycation resulting Glycated
proteins [24, 25-26].
There are many markers that can be used toindicate the
presence of the oxidative stress in Diabetes mellitus. Free radicals
are highly reactive and unstable because of their physico- chemical
properties and are difficult to measure accurately invivo as well as
in biological material such as plasma and other body fluids.

production of reactive oxygen species that leads to
oxidation of proteins which aremeasured by means of
protein carbonyl content. The results of the present study
indicate that impaired glycemic status is associated with
protein oxidation as a consequence of increased free
radical generation.
Since protein carbonyl formation known to alter the
functional integrity of proteins, it can lead to development
of complications in uncontrolled diabetes. The present
study opens up an area of enquiry to study the same
extensively into the patients suffering from complications
of type 2 diabetes. The studies in this direction are in
progress.
Figure 1 Comparison of protein carbonyl content
(nmol/ml) levels between control & type 2 diabetes

We have evaluated oxidative status by determining the levels of
protein carbonyls in patients with type 2 DM and healthy control
group. The results of the study indicated that there has an increase
in the levels of the protein carbonyls in patients as an index of
oxidative stress. It was observed that the levels of protein carbonyl
content, fasting blood glucose and Glycated hemoglobin were
significantly increased in type 2 diabetes.
In this study, we also focused on plasma glucose, HbA1c and
plasmainsulin levels in controls and type 2 diabetic patients. The
most significant observation in the present study is the relation
between the protein carbonyl content and the glycemia. It can be
seen that in controls, protein carbonyl content has a positive
correlation with the HbA1c levels and the same was observed in
the diabetic group as well where the levels of protein carbonyls,
HbA1c were significantly increased than the normal healthy
individuals.
Though there was increased in the levels of protein carbonyls
and HbA1c in diabetic group, the levels of insulin remained
unchanged. Similarly, the levels of HbA1c, plasma glucose in
control and diabetic group were found significant according to
Odetti and his co-workers [27]. The study of Odetti and his coworkersreports that slight but non- significant result with respect
to protein carbonyl content in controls compared with type 2
diabetes. However in the present study the results were consistent
and promising as a stable marker for oxidative stress when it is
correlated with HbA1c level. The outcome of the study probably
might provide usefulness of the measurement of the protein
carbonyl as a reliable stable marker of free radical induced
oxidative stress and damage.
Summary and Conclusion:
In conclusion, this study demonstrated the prevailing oxidative
stress in type 2 diabetes in terms of increased protein carbonyl
content which is significantly influenced by generalized glycemic
status. Persistent hyperglycemia is a cause for increased

Figure 2 Comparison of Glycated hemoglobin (%)
levels between control and type 2 diabetes

Figure 3 Comparison of plasma insulin (mcu/ml)
levels between control and type 2 diabetes
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Figure 4 Comparison of Protein carbonyls, HbA1c and
plasma insulin levels between control and type 2
diabetes
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