
Abstract : To know the mechanism of impaired bactericidal function, especially
impaired hydrogen peroxide production, in neutrophils from patients with diabetes

mellitus, the activities of antioxidant enzymes such as superoxide dismutase,

catalase, and glutathione peroxidase were determined in neutrophils from 12

patients with diabetes mellitus. Catalase activity in the neutrophils from the

patients with diabetes mellitus were higher than that from healthy controls

(P<0.05). Glutathione peroxidase activity in the neutrophils was higher without

significance. Superoxide dismutase activity in the neutrophils was lower without

significance. These results suggest that the production of hydrogen peroxide exert-

ing a direct germicidal ability is impaired in patients with diabetes mellitus due to

the decrease in dismutation of superoxide radicals by superoxide dismutase and

the increase in dismutation of hydrogen peroxide by catalase and glutathione per-

oxidase, and these alterations might affect microbicidal activity of neutrophils in

patients with diabetes mellitus.
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Introduction

When neutrophils engulf bacteria, they

exhibit a rapid increase in oxygen con-

sumption known as the respiratory

burst[1-3]. This phenomenon reflects the

rapid utilization of oxygen and production

from it of large amounts of reactive deriv-

atives, such as superoxide anion, hydrogen

peroxide, hydroxyl radical, and hypochlo-

rite ion[1-3]. Some of these products are

potent microbicidal agents[1-3]. Any

superoxide that enters the cytosol of the

phagocytic cell is converted to hydrogen

peroxide by the action of superoxide dis-

mutase[1-3]. And hydrogen peroxide is

disposed of by the action of catalase and

glutathione peroxidase[1-3]. Like these,
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several enzymes are directly linked to the

fate of the highly reactive oxygen metabo-

lites during phagocytosis.

There will be some alterations in the

activities of antioxidant enzymes because

it is known that diabetics are prone to

infection due to impaired  neutrophil func-

tion[4] and impaired hydrogen peroxide

production[5].

To know the mechanism of impaired bac-

tericidal function, especially impaired

hydrogen peroxide production, in neu-

trophils from patients with diabetes melli-

tus, the activities of three antioxidant

enzymes were measured in neutrophils

from 12 patients with diabetes mellitus.

Materials and methods

1. Patients

Experiments were performed in 12

patients with non-insulin dependent dia-

betes mellitus. Twelve normal healthy

subjects matched for age and sex were

used as controls. Peripheral venous blood

was drawn into test tubes containing

heparin.

2. Chemicals

Tris (hydroxymethyl) aminomethane,

dimethylsulfoxide, catalase, superoxide

dismutase, glutathione peroxidase,

NADPH, hydrogen peroxide, cytochrome c,

reduced glutathione, glutathione reductase

were purchased from Sigma (USA). dex-

tran T-500 was purchased from Pharmacia

Biotech (Sweden). All other chemicals

were of the highest purity commercially

available.

3. Neutrophil preparation

Neutrophils from diabetes mellitus and

healthy donors were prepared from fresh

whole human blood. Neutrophils were sep-

arated according to method of Clark and

Nauseef[6]. Blood was mixed with an

equal volume of 3% dextran T-500 in nor-

mal saline solution, and incubated in

upright position for 20 min at room tem-

perature. Supernatant was aspirated care-

fully, and centrifuged at 250 × g for 10

min. Cell pellet was resuspended in a vol-

ume of 0.9% NaCl equal to the starting

volume of blood. 10 ml Ficoll-Hypaque

solution was layered beneath the cell sus-

pension. And centrifuged for 40 min at

400 × g. The top layer as well as the

Ficoll-Hypaque layer was aspirated.

Residual RBC was removed by hypotonic

lysis with 20 mL of cold 0.2% NaCl for

exactly 30 sec. Isotonicity was restored by

adding 1.8% NaCl solution. Separated

neutrophils were homogenized twice for 10

sec in ice-cold phosphate buffered saline

before enzyme assay. The entire operation

was carried out in the cold (0-4℃).

4. Enzyme assays

Superoxide dismutase was assayed using

alkaline dimethylsulfoxide as a superoxide

anion-generating system in association

with cytochrome c as a superoxide anion-

indicating scavenger by the method of

Hyland et al.[7]. 200 μL of 7.5×106 neu-

trophils/mL was added to 1 mL of 0.2 M
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potassium phosphate buffer (pH 8.6) con-

taining 10-4 M EDTA and 2×10-5 M

cytochrome c. Tubes were kept in an ice

bath for 20 min. Then, 0.5 mL alkaline

dimethylsulfoxide which contains 1%

water and 5 mM NaOH, was added with

stirring. Absorbance of reduced cytochrome

c was determined at 550 nm against sam-

ples prepared under same conditions

except that dimethylsulfoxide did not con-

tain NaOH. One unit of its activity was

defined as the amount which inhibited the

reduction of cytochrome c by 50%.

Catalase activity was assayed using

hydrogen peroxide as a substrate by the

method of Kim et al.[8]. At 25℃, the

decrease in absorbance was measured at

240 nm for 1 min after adding 20 μL of 107

neutrophils/mL into the 3.0 mL of 50 mM

phoshate buffer, pH 7.0, containing 5 mM

H2O2 and 0.1 mM EDTA. One unit of cata-

lase was defined as equivalent to the elim-

ination of 1 μM of H2O2 per min under the

above condition.

Glutathione peroxidase activity was

assayed by the method of St Clair and

Chow[9] in which the oxidation of glu-

tathione is coupled to the glutathione

reductase, thus promoting consumption of

NADPH. 100 μL of 107 neutrophils/mL was

added to 875 μL of the reagent solution

which contains 2 mM EDTA, 1 mM sodium

azide, 1 mM reduced glutathione, 0.2 mM

NADPH and 100 units of glutathione

reductase in 50 mM Tris-HCl buffer, pH

7.6. 25 μL of hydrogen peroxide was added

to start the reaction, and the final concen-

tration of hydrogen peroxide was 0.25 mM.

The amount of NADPH oxidized was

recorded spectrophotometically at 340 nm.

5. Statistics

Values were expressed as mean ± SD.

Statistical evaluation of significant differ-

ence between means was performed with

the Student's t-test. P values less than

0.05 were considered significant.

Results

Superoxide dismutase activity in the

neutrophils from the patients with diabetes

mellitus was 1.52 ±0.71 unit/107cells/min.

Its activity was lower in diabetes mellitus

than in normal control group, but it was

not significant (Fig. 1).

Catalase activity in the neutrophils from

the patients with diabetes mellitus was

70.20 ± 19.54 μmol hydrogen peroxide

destroyed/107cells/min. Its activity was

significantly higher in diabetes mellitus

than in normal control group (Fig. 2).

Glutathione peroxidase in the neu-

Fig. 1. Superoxide dismutase  (SOD) activity  in neu-
trophils  from patients with diabetes mellitus.
SOD was assayed using alkaline dimethylsulfox-
ide as a  superoxide anion-generating  system  in
association with cytochrome c as a  superoxide
anion-indicating scavenger.



trophils from the patients with diabetes

mellitus was 63.29 ± 23.77 nmol NADPH

oxidized/107cells/min. Its activity was

higher in diabetes mellitus than in normal

control group, but it was not significant

(Fig. 3).

Discussion

Oxygen free radicals can be defined as

oxygen molecules or molecular fragments

that have an unpaired electron[10-11].

They are formed in all living organisms

during physiological and pathophysiologi-

cal metabolism and cause cell and tissue

damages due to their high chemical reac-

tivity[10-11]. 

Neutrophils are part of the professional

phagocytes which undergo a 'respiratory

burst': in this process, large quantities of

oxygen are drawn into the cells[1-3]. The

consumed oxygen is used in the formation

of superoxide anion, hydroxyl radical and

hydrogen peroxide, which have been impli-

cated in the killing of invading bacteria by

the neutrophils[1-3]. During this unique

process, several antioxidant enzymes like

catalase, superoxide dismutase and glu-

tathione peroxidase are directly linked to

the fate of the highly reactive oxygen

metabolites[1-3].

The purpose of the present study was to

examine the activity of three intracellular

antioxidant enzymes i.e. catalase, super-

oxide dismutase and glutathione peroxi-

dase, involved in neutrophil oxidative bac-

tericidal activity, as a measure of phagocy-

tosis associated burst of oxidative metabo-

lism for bactericidal purpose.

The results of the present study demon-

strate that neutrophils from diabetes mel-

litus patients have altered antioxidant

enzymatic activity. While superoxide dis-

mutase activity in the neutrophils from

patients with diabetes mellitus were inhib-

ited (Fig. 1), both catalase and glu-

tathione peroxidase activities were aug-

mented (Fig. 2 & 3). These enzymes are

involved oxidative bactericidal ability in

neutrophils. They are linked to the pro-

duction, fate and reactivity of the free

radicals and other intermediates of oxygen
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Fig. 2. Catalase activity in neutrophils from patients with
diabetes mellitus. Catalase activity was assayed
using hydrogen peroxide as a  substrate. *:
P<0.05.

Fig. 3. Glutathione peroxidase (GSH-Px) activity in neu-
trophils  from patients with diabetes mellitus.
GSH-Px activity was assayed by  the spectropho-
tometric method using glutathione  reductase and
NADPH. 



reduction, as part of the respiratory

burst[1-3]. Superoxide dismutase is

responsible for the dismutation of superox-

ide anion to hydrogen peroxide, which is

the main product of the respiratory burst

exerting a direct bactericidal ability[1-3],

and catalase and glutathione peroxidase

are responsible to the dissociation of

hydrogen peroxide[1-3]. The results of

this experiment suggest that the produc-

tion of hydrogen peroxide exerting a direct

germicidal ability is impaired in the

patients with diabetes mellitus, as report-

ed by Inoue et al.[5], due to the decrease

in dismutation of superoxide radicals by

superoxide dismutase and the increase in

dismutation of hydrogen peroxide by cata-

lase and glutathione peroxidase. This

impairment in antioxidant enzymes activi-

ty, involved in the respiratory burst and

phagocytosis, may contribute to the under-

standing of the impaired bactericidal func-

tion in neutrophils found in these

patients.

Summary

To know the mechanism of impaired bac-

tericidal function, especially impaired

hydrogen peroxide production, in neu-

trophils from patients with diabetes melli-

tus, the activities of antioxidant enzymes

such as superoxide dismutase, catalase,

and glutathione peroxidase were deter-

mined in neutrophils from 12 patients with

diabetes mellitus. Catalase activity in the

neutrophils from the patients with diabetes

mellitus were higher than that from

healthy controls (P<0.05). Glutathione

peroxidase activity in the neutrophils was

higher without significance. Superoxide

dismutase activity in the neutrophils was

lower without significance. These results

suggest that the production of hydrogen

peroxide exerting a direct germicidal abili-

ty is impaired in patients with diabetes

mellitus due to the decrease in dismuta-

tion of superoxide radicals by superoxide

dismutase and the increase in dismutation

of hydrogen peroxide by catalase and glu-

tathione peroxidase, and these alterations

might affect microbicidal activity of neu-

trophils in patients with diabetes mellitus.
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