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Abstract
Objective: To evaluate structural alterations of the lung in rats with diabetes mellitus (DM), by quantifying 
oxidative stress and DNA damage, as well as to determine the effects that exogenous superoxide dismutase (SOD) 
has on such alterations. Methods: A controlled experimental study involving 40 male Wistar rats, divided into four 
groups (10 animals each): control; SOD-only (without DM but treated with SOD); IDM-only (with streptozotocin-
induced DM but untreated); and IDM+SOD (with streptozotocin-induced DM, treated with SOD). The animals 
were evaluated over a 60-day period, day 0 being defined as the day on which the streptozotocin-injected animals 
presented glycemia > 250 mg/dL. The SOD was administered for the last 7 days of that period. At the end of the 
study period, samples of lung tissue were collected for histopathological analysis, evaluation of tissue oxidative 
stress, and assessment of DNA damage. Results: There were no significant differences among the groups regarding 
DNA damage. In the IDM-only group, there was a significant increase in the extracellular matrix and significantly 
greater hyperplasia of the capillary endothelium than in the SOD-only and control groups. In addition, there 
were significant changes in type II pneumocytes and macrophages, suggesting an inflammatory process, in the 
IDM-only group. However, in the IDM+SOD group, there was a reduction in the extracellular matrix, as well as 
normalization of the capillary endothelium and of the type II pneumocytes. Conclusions: Exogenous SOD can 
reverse changes in the lungs of animals with induced DM. 
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Resumo
Objetivo: Avaliar as alterações estruturais no pulmão de ratos com diabetes mellitus (DM) através da quantificação 
do estresse oxidativo e do dano ao DNA, assim como determinar os efeitos de superóxido dismutase (SOD) exógena 
nessas alterações. Métodos: Estudo experimental controlado com 40 ratos Wistar, divididos em quatro grupos 
(10 animais cada): grupo controle, grupo SOD (sem DM e tratados com SOD), grupo DM (com DM induzido por 
estreptozotocina), e grupo DM+SOD (com DM induzido por estreptozotocina e tratados com SOD). Os animais 
foram avaliados por um período de 60 dias, iniciado a partir do dia em que os animais com diabetes induzido 
por estreptozotocina apresentaram glicemia > 250 mg/dL. Nos últimos 7 dias do período, os animais nos grupos 
tratados receberam SOD. Ao final do tempo de estudo, amostras de tecido pulmonar foram coletadas para análise 
histopatológica e avaliação do estresse oxidativo e do dano ao DNA. Resultados: Não houve diferenças significativas 
entre os grupos em relação ao dano ao DNA. Houve um aumento significativo na matriz extracelular e hiperplasia 
do endotélio capilar no grupo DM quando comparado com os grupos controle e SOD. Também houve mudanças 
significativas em pneumócitos tipo II e macrófagos intravasculares, sugerindo um processo inflamatório no grupo 
DM. Entretanto, uma redução na matriz extracelular, endotélio capilar normal e pneumócitos tipo II normais foram 
encontrados no grupo com DM+SOD. Conclusões: A administração exógena de SOD pode reverter alterações nos 
pulmões de animais com DM induzido.

Descritores: Diabetes mellitus experimental; Estresse oxidativo; Pulmão; Dano ao DNA.
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Methods

This was a controlled study involving an 
experimental rat model of streptozotocin-
induced DM and exogenous administration of 
SOD.

The study included 40 male Wistar rats 
(mean weight, 250 g) obtained from the animal 
facilities of the Federal University of Rio Grande 
do Sul, located in the city of Porto Alegre, 
Brazil. The rats were housed in propylene boxes, 
5 animals per box, in a temperature-controlled 
environment (mean temperature, 24°C), and 
were maintained on a 12/12-h light/dark cycle, 
with free access to water and rat chow. All 
animals were treated in accordance with the 
World Health Organization Ethical Code for 
Animal Experimentation guidelines. 

The animals were randomly assigned to 
four groups (10 per group): control; SOD-only 
(without DM but treated with SOD); IDM-only 
(with streptozotocin-induced DM but untreated); 
and IDM+SOD (with streptozotocin-induced DM 
and treated with SOD).

We induced DM with a single intraperitoneal 
injection of streptozotocin (70 mg/kg; Sigma 
Chemical, St. Louis, MO, USA) dissolved in 
a 10 mmol/L sodium citrate solution (pH = 4.5).
(11) Five days after the injection, glycemia was 
measured. Animals presenting hyperglycemia 
(fasting glycemia > 250 mg/dL) were considered 
to have developed DM.(12) Glycemia was 
determined with a colorimetric enzymatic 
assay (Enzi-Color kit; Bio Diagnóstica, Pinhais, 
Brazil), in which a reagent is mixed with 20 mL 
of the plasma sample, and the product was 
subsequently read at a wavelength of 500 nm 
with a spectrophotometer (CARY 3E; Varian, 
Palo Alto, CA, USA).

The day on which the streptozotocin- 
injected animals presented glycemia > 250 mg/dL 
was considered day 0 of the 60-day study period. 
For the last 7 days of the experiment, SOD 
(Ontosein®; Tedec Meiji Farma, Alcalá de Henares, 
Spain) was administered subcutaneously at a 
dose of 13 mg/kg of body weight.(13) On day 60, 
the animals were anesthetized with ketamine 
(100 mg/kg) and xylazine (50 mg/kg) i.p., after 
which they were killed. Samples of lung tissue 
were collected for histopathological analysis 
and evaluation of tissue oxidative stress. The 
remaining material was collected, immediately 

Introduction

Diabetes mellitus (DM) is an endocrine 
and metabolic disease that affects various 
organs, including the lungs. The main clinical 
manifestation is hyperglycemia, which triggers 
oxidative stress by increasing the production 
of mitochondrial superoxide anion and the 
non-enzymatic glycosylation of proteins, as 
well  as by activating various cell transcription 
factors.(1)

The impact of DM on the respiratory tract 
is characterized by abnormalities in pulmonary 
function, such as a reduction in lung elastic 
recoil and in lung volumes, as well as diminished 
diffusing capacity.(2,3) Experimental studies 
have demonstrated that pulmonary venous 
resistance is elevated two weeks after the onset 
of the disease, and that hyperglycemia induces 
oxidative stress in lung tissue. Analysis of the 
lung tissue of animals with streptozotocin-
induced diabetes has shown an increase in the 
thickness of the basement membrane of the 
lungs. In addition, animal models have shown 
that diabetic individuals present a deficit in the 
expression of proteins, including surfactant A, as 
well as the hydrophobic surfactants B and C.(4)

Studies evaluating the use of antioxidant 
therapy in order to reduce pulmonary oxidative 
stress in animal models of diabetes have shown 
the potential effects of various antioxidants, 
such as aminoguanidine, simvastatin, and 
N-acetylcysteine, in rats and mice.(5-7) Orgotein, 
a superoxide dismutase (SOD) first described 
in 1969 by McCord & Fridovich, acts on the 
inflammatory process and tissue lesion.(8) The 
exogenous administration of this antioxidant 
eliminates the extracellular superoxide radical 
anions and maintains cell integrity. This reduces 
the number of acute inflammatory events and 
influences late effects.(9) Orgotein also has other 
effects that have yet to be well described in the 
literature, such as the role it plays in the process 
of cell aging, apoptosis, and viral replication, as 
well as its analgesic effects.(10)

The objective of the present study was to 
evaluate the DM-induced alterations in lung 
structure, by analyzing oxidative stress and 
DNA damage, and to determine the effect that 
exogenous SOD has on such alterations. 
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incubated at 90°C for 30 min. Subsequently, 
500 µL of a solution of 0.37% thiobarbituric 
acid were added to a 15% trichloroacetic acid 
solution and centrifuged at 2,000 rpm at 
4°C for 15 min. Absorbance was determined 
by spectrophotometry at 535 nm.(16) The 
determination of SOD activity was performed in 
accordance with the method devised by Mirsa 
& Fridovich, which is based on the inhibition of 
SOD in the formation of adrenochrome in the 
autoxidation of epinephrine.(17) Catalase activity 
was determined by means of a method that 
consists in the addition of 955 mL of phosphate 
buffer to 25 mL of the lung tissue sample.(18) 
Subsequently, 20 mL of hydrogen peroxide were 
added, and the sample was read at a wavelength 
of 240 nm by spectrophotometry. The results are 
expressed as pmol/g of protein.

The lung tissue samples were collected and 
immersed in a 10% formaldehyde solution 
for 12 h, after which they were transferred to 
a 70% alcohol solution. The samples were 
then stained with picrosirius red and H&E. 
The anatomopathological examination was 
performed by a pathologist of the Pathology 
Laboratory of the Porto Alegre Hospital de 
Clínicas who was blinded to the animal groups.

The lung tissue was immediately fixed with 
2% glutaraldehyde, and the samples were post-
fixed with buffered 1% osmium tetroxide, 
followed by contrast enhancement in 2% 
uranyl acetate block. Subsequently, the tissue 
was dehydrated in a graded alcohol series. The 
material was pre-soaked in Epon 812 (Shell 
Chemical Co., New York, NY, USA) with pure 
acetone at decreasing proportions of 75%, 50%, 
and 25%. Samples were then soaked in pure 
Epon 812 for 24 h, after which the material was 
polymerized in an oven at 60°C for 72 h.

frozen in liquid nitrogen, and stored at −80°C 
for subsequent biochemical assay.

Blood samples were obtained from the 
retro-orbital plexus,(14) via the orbital sinus, 
and placed into a test tube with heparin 
(Liquemine®; Roche,. Neuilly-sur-Seine, France) 
in order to avoid coagulation. The material was 
then centrifuged at 4,000 rpm for 15 min. The 
precipitate was discarded, and the plasma was 
withdrawn with a pipette (Labsystems 4500, 
200/100 mL; Labsystems, Helsinki, Finland) and 
frozen at −80°C for subsequent determination 
of glucose levels.

The lungs were dissected out and stored 
at −80°C for the subsequent quantification of 
thiobarbituric acid reactive substances (TBARS) 
and assessment of antioxidant (SOD and 
catalase) activity.

Lung fragments were immersed in saline 
solution at 2°C. Each fragment was then placed 
into a homogenization tube with PBS (KCl, 
140 mmol/L; phosphate, 20 mmol/L; pH = 7.4; 
9 mL per gram of tissue) and homogenized in 
an Ultra-Turrax homogenizer (IKA Labortechnik, 
Staufen, Germany) at 2°C for 30 s. The 
homogenate was centrifuged at 3,000 rpm for 
10 min (Sorvall RC-5B refrigerated superspeed 
centrifuge; DuPont, Wilmington, DE, USA).(14) 
The supernatant was transferred to Eppendorf 
tubes, and the precipitate was discarded.

A solution of bovine albumin (Sigma 
Chemical) was used at a concentration of 
1 mg/mL, in accordance with the method devised 
by Lowry  et  al.(15) The samples were read at a 
wavelength of 625 nm in the spectrophotometer, 
and the results are expressed in mg/mL.

We quantified the lipid peroxidation product 
by determining the TBARS levels in 3 mg of 
proteins per sample analyzed. The samples were 

Table 1 - Oxidative stress and antioxidant enzyme activity, by group.
Variable Group

Control SOD-only IDM-only IDM+SOD
(n = 10) (n = 10) (n = 10) (n = 10)

Glycemia, mg/dL 237.95 ± 54.27 217.23 ± 27.45 481.29 ± 64.15 397.43 ± 29.15
Tissue TBARS, nmol/mg protein 0.889 ± 0.17 0.944 ± 0.04 1.585 ± 0.55* 1.117 ± 0.05**
Serum TBARS, nmol/mg protein 3.06 ± 0.27 3.76 ± 0.27 4.64 ± 0.57* 3.52 ± 0.70**
SOD, U/mg protein 14.35 ± 3.98 14.21 ± 3.1 4.64 ± 2.3* 11.21 ± 2.86**
Catalase, pmol/mg protein 0.3 ± 0.06 0.29 ± 0.05 0.27 ± 0.04 0.16 ± 0.04***
SOD: superoxide dismutase; IDM: induced diabetes mellitus; and TBARS: thiobarbituric acid reactive substances. *p < 0.05 
(IDM-only group vs. control and SOD-only groups). ** p < 0.05 (IDM+SOD group vs. IDM-only group). ***p < 0.05 
(IDM+SOD group vs. control, SOD-only and IDM-only groups).
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10 mM Tris; pH = 10.0), with freshly added 1% 
Triton X-100 (Sigma) and 10% DMSO at 4°C for 
48 h. The slides were subsequently incubated in 
freshly prepared alkaline buffer (300 mM NaOH 
and 1 mM EDTA; pH > 13) at 4°C for 20 min. An 
electric current of 300 mA and 25 V (0.90 V/cm) 
was applied for 15 min in order to perform 
DNA electrophoresis. The slides were then 
neutralized (0.4 M Tris; pH = 7.5), stained with 
silver, and analyzed in a microscope. Images of 
100 randomly selected cells (50 cells from each 
of two replicate slides) were analyzed for each 
animal. Cells were also visually scored, by tail 
size, into five classes, ranging from undamaged 
(0 points) to maximally damaged (4 points),(4) 
resulting in a single DNA damage score for each 
animal and a mean score for each group. The 
damage index (DI) could range from 0 (completely 
undamaged; 100 cells × 0) to 400 (completely 
damaged; 100 cells × 4). The damage frequency 
(DF; in %) was calculated based on the number 
of tailed vs. tailless cells.(20)

Semi-fine sections (800 nm) were obtained 
with an ultramicrotome (Leica Ultracut UCT; 
Leica Microsystems Inc., Bannockburn, IL, 
USA) and stained with an aqueous solution of 
1% toluidine blue and basic fuchsin. Ultrafine 
sections (70 nm) were also obtained. For 
contrast enhancement of the ultrafine sections, 
we used 2% uranyl acetate, followed by lead 
citrate. Those sections were then examined 
in an electron microscope (model EM208S; 
Philips, Eindhoven, The Netherlands) at high 
magnification (×10,000).

Alkaline single-cell gel electrophoresis (comet 
assay) was carried out as previously described,(19) 
with minor modifications.(20,21) Each lung 
fragment was placed into a tube with 0.5 mL 
cold PBS and finely minced in order to obtain 
a cell suspension. Lung suspensions (5 µL) were 
embedded in 95 µL of a 0.75% low melting 
point agarose solution (Gibco-BRL, Rockville, 
MD, USA) and spread onto agarose-precoated 
slides. After solidification, slides were placed in 
lysis buffer (2.5 M NaCl, 100 mM EDTA, and 

Figure 1 - Photomicrographs of the lung tissue of rats. In a), sample obtained from a control rat; in b), sample 
obtained from a rat without diabetes mellitus but treated with superoxide dismutase (SOD); in c), sample 
obtained from a rat with streptozotocin-induced diabetes mellitus, untreated; and, in d), sample obtained from 
a rat with streptozotocin-induced diabetes mellitus, treated with SOD (picrosirius red; magnification, ×400).
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Results

The levels of TBARS were significantly higher 
in the lung tissue samples collected from animals 
in the IDM-only group than in those collected 
from animals in the control and SOD-only 
groups, whereas they were significantly lower in 

The oxidative stress data were analyzed with 
the Statistical Package for the Social Sciences, 
version 13.0 (SPSS Inc., Chicago, IL, USA), with 
ANOVA followed by the Student-Newman-Keuls 
test. The comet assay data were analyzed with 
ANOVA followed by Tukey’s test. The level of 
significance was set at 5%.

a

b
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Control

Control

Control

SOD-only

SOD-only

SOD-only

IDM-only

IDM-only

IDM-only

IDM+SOD

IDM+SOD
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Figure 2 - Electron photomicrographs of lung tissue of rats. In a), basement membrane; in b), collagen; and, 
in c), type II pneumocytes (magnification, ×10,000).
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the control and SOD-only groups. When type II 
pneumocytes were analyzed, the animals in the 
IDM+SOD group presented lamellar bodies.

There were no significant differences in DI or 
DF between the control group and the IDM-only 
group or between the SOD-only group and the 
IDM+SOD group (Table 2).

Discussion

The present study investigated the effect of 
exogenous SOD in a rat model of DM. Although 
SOD did not decrease the plasma glucose levels 
in the rats with streptozotocin-induced DM, it 
did reduce lipid peroxidation, as evaluated by 
determining TBARS levels in the lung tissue and 
blood, and it also reduced the alterations to the 
lung structure in the rats with streptozotocin-
induced DM. We observed no decrease in DNA 
damage in the lung tissue, there being no 
significant increases in ID or DF in the IDM-only 
group.

The antioxidant therapy employed here 
proved effective in reducing pulmonary oxidative 
stress as well as in activating the mechanisms 
of antioxidant enzymes (SOD and catalase). The 
changes in the mechanism of action of these 
enzymes seem to be crucial in the development 
of pulmonary alterations induced by DM. 
The SOD enzyme plays a crucial role in tissue 
protection because it acts as a scavenger of the 
superoxide anion, preventing the formation of 
other more potent oxidants, such as peroxynitrite 
and the hydroxyl radical.(22) In a previous study, 
antioxidant therapy was shown to decrease 
pulmonary oxidative stress in an experimental 
rat model of hepatopulmonary syndrome.(23)

those collected from animals in the IDM+SOD 
group than in those collected from animals in 
the IDM-only group (Table 1).

The lipid peroxidation analysis of the blood 
samples showed that serum TBARS levels were 
significantly higher in the IDM-only group than 
in the control and SOD-only groups, whereas 
they were significantly lower in the blood 
samples collected from animals in the IDM+SOD 
group than in those collected from animals in 
the IDM-only group.

In the lung tissue samples, SOD levels were 
significantly lower in the IDM-only group than 
in the control and SOD-only groups. However, 
the SOD levels in the IDM+SOD group lung 
tissue samples were significantly higher than 
were those observed in the IDM-only group 
samples.

In terms of catalase activity, the IDM-only 
group did not differ significantly from the 
control and SOD-only groups. However, catalase 
activity was significantly lower in the IDM+SOD 
group than in any of the three other groups.

The analysis of the histological slides revealed 
intravascular macrophages, which suggests the 
presence of an inflammatory process in the tissue, 
in the IDM-only group but not in the control 
and SOD-only groups. In the IDM-only group, 
there was also an increase in the extracellular 
matrix, as evidenced by the presence of fibrosis, 
as well as an increase in the thickness of the 
alveolar-capillary membrane. However, in the 
lungs of animals in the IDM+SOD group, the 
pulmonary capillary endothelium was similar 
to that observed in the control and SOD-only 
group animals. In addition, the lungs of the 
IDM+SOD group animals showed a reduction 
in the extracellular matrix (less fibrosis) and 
in the number of intravascular macrophages 
(Figure 1).

The ultrastructural analysis of the lung tissue 
of the animals in the IDM-only group showed 
thickening of the basement membrane, fibrosis 
of the lung interstitium, disorganization of type 
II pneumocytes, and the absence of lamellar 
bodies, suggesting that surfactant production 
was reduced in the IDM-only group animals 
(Figure 2). These alterations were not significant 
in the control and SOD-only groups, whereas 
there was a reduction in the thickness of the 
basement membrane in the IDM+SOD group, 
which was similar to the results obtained for 

Table 2 - DNA damage index and damage frequency, 
by group.

Groups DNA damage 
indexa

DNA damage 
frequency, %b

Control 60 ± 20 30 ± 16
SOD-only 84 ± 37 42 ± 19
IDM-only 91 ± 41 51 ± 13
IDM+SOD 84 ± 26 39 ± 19
SOD: superoxide dismutase; and IDM: induced diabetes 
mellitus. aRange, 0 (completely undamaged) to 
400 (completely damaged). bCalculated based on number 
of cells with tails vs. the number of those without.
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administration of aminoguanidine, which plays 
a vasoregulatory role, there was an increase in 
the release of prostacyclin, with a mild effect on 
endothelium-dependent vasodilatation, followed 
by regulation of the pulmonary circulation 
release of aminoguanidine.(5) However, in a 
study examining the role that endothelial 
nitric oxide synthase (eNOS) plays in vascular 
remodeling in streptozotocin-induced diabetic 
mice, DM was found to accelerate the process of 
oxidative stress-related vascular remodeling and 
to increase eNOS expression.(27)

Various studies have shown an increase in the 
oxidative damage to the DNA in the peripheral 
blood lymphocytes of diabetic patients or 
of streptozotocin-induced diabetic rats.(28-30) 
However, few studies have evaluated the DNA 
damage in other target tissues associated with 
complications of DM.(29) In the present study, 
there were no increases in the DNA damage 
in the lungs (Table 2) or in the peripheral 
blood (data not shown) of the rats with 
streptozotocin‑induced DM. It is of note that 
DNA damage has been related to hyperglycemia 
in diabetic patients.(28,30) In the present study, the 
administration of SOD did not decrease glycemia 
in rats. This could explain the fact that SOD 
treatment had no effect on the degree of DNA 
damage in the rats with streptozotocin-induced 
DM. In addition, the increase in oxidative stress 
was not sufficient to increase the degree of DNA 
damage in the lung tissue samples evaluated. 
Furthermore, some of the oxidative damage to 
the DNA was probably induced by DM. That 
damage was repaired, and no significant increase 
was observed.

The mechanism by which elevated glucose 
levels cause vascular injury and result in structural 
and functional alterations in various tissues can 
be multifactorial, the most prominent factors 
being the role of oxidative stress, the increase 
in the synthesis/accumulation of diacylglycerol, 
the activation of protein kinase C, the increased 
activation of the sorbitol pathway of glucose 
metabolism, the non-enzymatic glycosylation of 
proteins, and the relative or absolute alterations 
in the production of vasoactive substances, such 
as endothelin, prostaglandins, and nitric oxide 
byproducts.(4)

In our study, we found that pulmonary 
oxidative stress was significantly greater in the 
rats with streptozotocin-induced DM than in the 

In the present study, the administration of 
SOD had no effect on plasma glucose levels, a 
finding that corroborates the results of another 
study, in which the use of mimetic SOD was 
evaluated in an experimental model of diabetes 
in rats.(24)

We observed an increase in pulmonary 
oxidative stress in the rats with streptozotocin-
induced DM. This finding is probably attributable 
to the effects that free radicals have on the 
cell membrane structures in lung tissue, as 
previously described by another group of 
authors, who showed an increase in pulmonary 
oxidative stress in rabbits with alloxan-induced 
diabetes.(25) In our study, this was evidenced by 
the higher TBARS levels in blood and in lung 
tissue, suggesting that, in rats with DM, lipid 
peroxidation occurs within the first 60 days 
after the onset of the disease. However, after 
the administration of SOD, lipid peroxidation 
decreased, and, consequently, the lung tissue 
of rats with streptozotocin-induced DM showed 
increased SOD activity after treatment. This 
beneficial effect of the use of the exogenous 
antioxidant was described in a previous study 
evaluating the antioxidant effect of α-lipoic 
acid on oxidative stress and on the expression of 
inducible nitric oxide synthase in streptozotocin-
induced diabetic rats.(26)

In our study, we found that the rats with 
streptozotocin-induced DM showed alterations 
in the ultrastructure of the lung tissue, as 
assessed by electron microscopy, such as 
increased thickness of the basement membrane, 
increased pulmonary fibrosis, and alterations in 
type II pneumocytes. After those rats had been 
treated with SOD, the ultrastructure of the lung 
tissue reverted to near-basal conditions.

One group of authors investigated the 
effect that treatment with simvastatin has on 
pulmonary lipid peroxidation and on the activity 
of antioxidant enzymes, as well as evaluating 
the lung ultrastructure, in streptozotocin-
induced diabetic rats. They showed that such 
rats develop alterations in the lung ultrastructure 
and an oxidant imbalance in the lungs, as well 
as that treatment with simvastatin can improve 
the antioxidant status and the organization of 
the lung structure.(6) Another group of authors, 
evaluating the effect of aminoguanidine 
on the aorta and lungs of streptozotocin-
induced diabetic rats, found that, after the 
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induced oxidative stress and renal damage in the early 
stage of experimental diabetes and hypertension. Am J 
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control animals. The rats with streptozotocin-
induced DM showed greater lipid peroxidation, 
higher levels of glycemia, and less SOD activity. 
In those same rats, we observed alterations in 
the lung ultrastructure, as evidenced by the 
increased thickness of the basement membrane, 
together with pulmonary fibrosis and alterations 
in type II pneumocytes. We believe that those 
alterations are interrelated, because they were 
reduced after the administration of SOD. These 
results support the hypothesis that the oxidative 
stress seen in DM can cause alterations in the 
lung structure and that, after the administration 
of exogenous SOD, these parameters are restored 
to their basal conditions.

Our results indicate that treatment with 
exogenous SOD inhibits lipid peroxidation 
in streptozotocin-induced diabetic rats and 
minimizes structural alterations of the lung 
without causing further damage to the DNA. 
This suggests that oxidative stress is one of the 
pathways leading to such alterations and that 
exogenous antioxidants can be successfully used 
in the treatment of DM.
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