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A B S T R A C T

Background: High blood glucose levels induce oxidative stress and decrease antioxi-
dant defenses.
Objectives: The present study aims to assess the association, if any, between increase in 
proteolytic enzyme activities and oxidative stress in diabetic subjects.
Patients and Methods: Fifty-one non diabetic patients (33 men, 18 women, mean age 54.47 
year) and 53 diabetic patients (39 men, 14 women, mean age 52.92year) were included 
in the study. Diabetic status was assessed by the fasting blood sugar (FBS) using glucose 
oxidase method. Oxidant stress was measured by estimating erythrocyte malondialde-
hyde (MDA) in terms of thiobarbituric acid reacting substance (TBARS). Proteolytic ac-
tivity was estimated by the amount of amino groups released by the erythrocyte lysate 
of the diabetic individual using phenylhydrazine treated hemoglobin.
Results: Erythrocyte MDA was higher in diabetics (cases) (4.7±1.7 nmoles/gHb) than in 
controls (3.3±2.2 nmoles/gHb) (p=0.001). Erythrocyte proteolytic activity was also high-
er in cases (167.2±648 nmoles/gHb) than the controls (27.9±31.7 nmoles/gHb). 
Conclusions: Both erythrocyte lipid peroxidation and the proteolytic activity in the 
erythrocyte lysates of diabetic patients was significantly higher in cases than in con-
trols. Diabetes is associated with a significant increase in TBARS, an index of oxidant 
stress. Proteolytic enzymes degrade many oxidatively altered proteins preventing the 
accumulation of altered and damaged proteins in the cell.
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Background

Free radicals and their derivatives, which exist in liv-
ing tissues at low concentrations are capable of damag-
ing cellular components and may contribute to various 
diseases. Of all biomolecules, lipids seem to be more 
susceptible to the damaging effects of ROS (1). Anti oxi-
dants are substances that are able to compete with other 
oxidizable substrates at relatively low concentrations 
and to thus significantly delay or inhibit the oxidation 
of these substrates (2). Antioxidants prevent free radical 
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mediated injury. The primary antioxidant defense sys-
tem includes vitamin E, vitamin A, glutathione, uric acid, 
superoxide dismutase, catalase, and peroxidases, where-
as the secondary antioxidant defense system includes 
lipolytic enzymes, phospholipase, proteolytic enzymes, 
proteases, peptidases, endonucleases and exonucleases 
(2). Oxidative stress, a measure of the steady level of reac-
tive oxygen or oxygen radicals in the biologic system, is 
a result of either overproduction of reactive oxygen radi-
cals or decreased efficiency of inhibitory or scavenger 
systems (3). Free radicals have become increasingly im-
plicated in human disease (3, 4). In patients with diabe-
tes mellitus, there is an increase in the level of oxidative 
stress (5), which is a common pathway linking diverse 
mechanisms for the pathogenesis of diabetes due to 
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hyperglycemia. Increased intracellular glucose metabo-
lism enhances mitochondrial superoxide generation. 
Glycation of tissue proteins and other macromolecules 
and excess production of polyol compounds from glu-
cose are among the mechanisms thought to produce tis-
sue damage from chronic hyperglycemia (6). Formation 
of ROS, associated with impairment of ß –cell function in 
type 2 diabetes mellitus (7), has been implicated in both 
pancreatic ß- cell dysfunction and cell death, caused by 
autoimmune attack and the action of cytokines in type I 
diabetes mellitus.

Red blood cells (RBCs) are susceptible to oxidative dam-
age as result of the high polyunsaturated fatty acid con-
tent of the membrane and high cellular concentration of 
oxygen and hemoglobin. They are a constant source of 
superoxide radicals owing to the well-known tendency 
of hemoglobin to autooxidize (8). High levels of glucose 
can produce permanent chemical alteration in proteins 
and increase lipid peroxidation in a variety of experi-
mental models of hyperglycemia. Studies have shown 
that lipid peroxidation levels were significantly higher in 
the RBCs of diabetic rats than in controls (9). Data shows 
that serum and erythrocyte MDA levels were increased in 
diabetic patients (10).

An enzyme system exists in erythrocytes which rapidly 
degrades oxidatively damaged proteins (11). Proteolytic 
enzymes are the second line of defense against the free 
radicals, which degrade and eliminate the damaged 
molecules. The proteolytic process preferentially de-
grades oxidatively modified proteins. The erythrocytes 
in individuals with diabetes are ill equipped to handle 
increased oxidant stress; studies have suggested there 
is increased activity of erythrocyte proteolytic enzymes 
in degrading oxidant damaged hemoglobin in diabetes 
mellitus (12).

Objectives

The aim of the present study was to determine the ex-
tent of lipid peroxidation and proteolytic enzyme activ-
ity in the erythrocytes of diabetic patients and to assess 
the association between increase in proteolytic activities 
and oxidation stress.

Patients and Methods
Sample collection

The study group comprised of nondiabetic individuals 
and diabetic patients attending the Kasturba hospital, 
Manipal. Informed consent from the patients was ob-
tained for the study. Patients were randomly selected, 
with no distinction being made between those with in-
sulin dependent or non insulin dependent diabetes; the 
case group consisted of fifty three diabetic individuals 
(14 females and 39 males, with fasting glucose levels > 126 
mg/dL, and controls included 51 nondiabetic persons (18 
females and 33 males). The mean age of controls was 54 ± 
12 and that of cases was 52 ± 12 years. Blood samples (2ml) 

were collected by venepuncture into tubes containing 
3.6 mg EDTA and stored at 4°C.

Erythrocyte malondialdehyde was estimated within 
24 hours of blood collection. The hemolysates prepared 
from the above blood samples were stored at 25°C and 
proteolytic activities were measured within 2 weeks.

Chemicals

Ethylenediaminetetraacetic acid (EDTA; 99.5%), 2-thiba-
rbitursae (thiobarbituric acid), N-(2-hydroxyethyl), and 
2-mercaptoethanol were obtained from MERCK. HEPES 
(N-2 hydroxye ethyl piperazine-N’-2-ethanesulfonic acid 
was obtained from Sigma. Butylated hydroxyl toluene 
(BHT), dl-dithiothreitol, phthaldialdehyde (o-phthalal-
dehyde), and benzene were obtained from SISCO. Malon-
dialdehyde (MDA) was prepared from1, 1, 3, 3-tetraethoxy 
propane (97%), from ALDRICH. Dialysis tubing was ob-
tained from Thomas scientific, USA. All other reagents 
were of analytical grade.

1) Assay of proteolytic activity in the erythrocytes (11)
1-1) Preparation of oxidatively damaged haemoglobin 
substrate
1-1-1) Preparation of the hemolysate

Blood samples were centrifuged at 3000 rpm for 8 
minutes. The plasma and buffy coat were discarded. The 
packed cells were lysed with 1.5 volumes of water, then 
centrifuged at 16,000xg for 20 minutes. The hemolysate 
was dialyzed against 0.05M tris HCl buffer with 0.1mM 
EDTA (pH 8.3)

1-1-2) Preparation of phenylhydrazine treated hemoglo-
bin (11)

Oxidant damage to hemoglobin was induced by treat-
ing it with phenylhydrazine for 3 hours; this treatment 
oxidatively modifies the hemoglobin (13).

1-2) Estimation of proteolytic activity in erythrocytes
1-2-1) Preparation of erythrocyte cell free extract(14)

Washed erythrocytes were lysed in 1.5 volumes of fresh-
ly prepared 1mM DL- dithiothreitol centrifuged at 16,000 
xg for 20 minutes;- supernatant was dialyzed for 16 hours 
against 10 volumes of buffer using a membrane with 
molecular weight cut off of 12- 14 kda. The dialysis buffer 
contained 20 mM Na2HPO4 and NaH2PO4 (pH 7.8), 20% v/v 
glycerol and 0.5 mM DTT. The dialyzed cell free extracts 
were used for proteolytic activity estimation.

1-3) Proteolytic activity in erythrocytes

The erythrocyte contains several proteolytic enzymes, 
some of which are known to degrade oxidatively dam-
aged hemoglobin (11). Under the experimental condi-
tions used in this study, when a sample of erythrocyte 



92 Oxidative stress in diabetesVarashree BS et al.

Int J Endocrinol Metab. 2010;8(2):90-93

lysate is incubated with phenylhydrazine treated hemo-
globin at 37°C, the enzymes in the erythrocyte degrade 
oxidatively damaged hemoglobin and simultaneously 
any other oxidant damaged protein present in the eryth-
rocyte lysate as well. The end products of the degrada-
tion are a number of smaller peptides, which are TCA 
soluble and can be measured as an increase in the num-
ber of free amino groups (15). Estimation of free amino 
groups in erythrocyte lysates before incubation gives an 
indication of endogenous protein damage caused by oxi-
dative stress. Proteolytic activity in the cell-free extracts 
was measured using the method used by Raghothama, 
et al. (11) and was expressed as nanomoles per gram of 
hemoglobin concentration of free amino groups in the 
erythrocyte lysates.

Estimation of MDA

MDA content of erythrocytes was estimated as thiobar-
bituric acid reactive substances using thespectrophoto-
metric method as described by Jain, et al. (16). The MDA 
value was calculated from the MDA standard graph and 
expressed as nanomoles/gram of hemoglobin.

Statistical analysis

Data are expressed as Mean ± SD. Statistical analysis was 
performed using the Statistical Package for Social Sci-
ences (SPSS/PC; SPSS-13, Chicago, USA). The results were 
analyzed statistically using students unpaired ‘t’ test, 
Mann Whitney ‘U’ test and Karl Pearson correlation test; 
p < 0.05 was considered statistically significant.

Results

Parameters of erythrocyte oxidative stress which were 
estimated included malondialdehyde (MDA) and the 
proteolytic activity of the erythrocytes. In the diabetics, 
the MDA levels were significantly higher when compared 
to the control group (p = 0.001). The proteolytic activities 
in the diabetic erythrocytes were significantly higher 
when compared to the control group (p = 0.001) (Table 1). 
Thus there is an increased ability of the erythrocytes to 
proteolytically degrade oxidant damaged hemoglobin 
in the diabetic patients when compared to hemolysates 
from normal individuals. In the diabetic cases, the fast-
ing blood sugar did not correlate with erythrocyte MDA 
and erythrocyte proteolytic activity. Also in the diabetic 
cases, there was no correlation of erythrocyte MDA with 

erythrocyte proteolytic activity.

Discussion

In the present study erythrocyte lipid peroxidation in-
creased in diabetic patients, a finding in agreement with 
those of several other studies (17-22), that documented 
elevated levels of lipid peroxidation products in diabetic 
subjects. The exact mechanism by which the elevated 
blood glucose leads to membrane lipid peroxidation is 
not known. Some studies have shown that glucose can 
enolize and then reduce the molecular oxygen to give α- 
keto aldehydes, hydrogen peroxide and ROS, (16) which 
causes peroxidative breakdown of phospholipid fatty ac-
ids and accumulation of MDA. 

ROS are known to induce damage to the proteins, 
which leads to alteration in protein structure and func-
tion (23). In the present study there was an increase 
in the proteolytic activity in the erythrocyte lysates of 
diabetic patients. Hyperglycemia greatly increased pro-
teolyitc activity as shown by the increase in the concen-
tration of amino groups released. The erythrocytes of 
diabetic patients are capable of disposing off the extra 
load of oxidant damaged hemoglobin. Degradation of 
oxidatively damaged hemoglobin is done by the prote-
olytic system present in the erythrocyte lysate (11, 24, 25). 
It has been shown that erythrocyte membrane proteins 
become susceptible to degradation by membrane bound 
serine protease activity after oxidative modification of 
the membranes (26, 27). Studies have demonstrated that 
in human erythrocytes oxidized hemoglobin is cleaved 
into peptides by a high molecular mass proteinase iden-
tified as a member of the multicatalytic proteinase fam-
ily (25).

In conclusion, oxidative stress is observed in hyperg-
lycemia which results in lipid peroxidation and the in-
creased activity of the proteolytic enzymes.
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