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Uso de antioxidante na tentativa de recuperar os receptores 
de insulina em glândulas salivares de camundongos espontaneamente diabéticos. 

Use of antioxidant in the attempt recovery 
of insulin receptors in salivary glands of spontaneously diabetic mice. 
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Key words: diabetes mellitus, oxidative stress, n-acetylcysteine. 
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RESUMO
A incidência do diabetes mellitus vem 

aumentando ao longo dos anos. Atualmente 4,6 
milhões de pessoas morrem anualmente no mundo, 
devido a esta doença. Aproximadamente 10% dos 
casos são do tipo I e na infância este tipo atinge 90% 
dos casos, demonstrando a importância 
epidemiológica do diabetes. Essa doença 
compromete diferentes tecidos, inclusive as 
glândulas salivares, que possuem características 
morfológicas semelhantes ao pâncreas. Esta 
condição hiperglicêmica está relacionada também à 
produção de espécies reativas do oxigênio (EROs), 
que potencializam estes danos teciduais. Dessa 
forma, alguns estudos têm utilizado antioxidantes, 
entre eles a N-acetilcisteína (NAC) na tentativa de 
modular estes processos, evitando os danos 

teciduais. Todavia, a NAC de forma isolada parece 
promover uma maior infiltração de linfócitos T CD4 
e CD8, potencializando a doença, sendo necessária 
a associação de anticorpos específicos, para se 
obter a ação antioxidante e evitar esta progressão da 
doença. Junto a isso, o exercício físico moderado 
pode exercer também influência nesta homeostase 
celular, equilibrando o ataque oxidativo e 
melhorando o mecanismo de defesa antioxidante. 
Assim, iremos apresentar os resultados de uma 
revisão de literatura enfocando que a NAC, 
anticorpos CD4 e CD8 e o exercício físico de forma 
associada podem promover efeitos benéficos no 
organismo, sendo mais uma possível ferramenta no 
tratamento do Diabetes tipo I. 

ABSTRACT
The incidence of diabetes mellitus has increased 

over the years. Currently 4.6 million people die due 
to this disease. Approximately 10% of cases are type 
I, affecting 90% of cases in childhood, 
demonstrating the epidemiologic importance of 
diabetes. Diabetes affects different tissues, including 
the salivary glands which are similar in 
morphological characteristics to the pancreas. This 
hyperglycemic condition is related also to 
production of reactive oxygen species (ROS), which 
increase the damage tissue. Thus, some studies have 
used antioxidants, including N-acetylcysteine 
(NAC) in an attempt to modulate these processes by 
avoiding tissue damage. However, the NAC appears 
to promote a infiltration of CD4 and CD8 
lymphocytes, intensifying the hyperglycemic 
condition. To avoid this it is necessary the 
combination of antibodies specific to obtain the 
antioxidant action and prevent the disease 
progression. In addition to this, the moderate 
physical exercise can also exert influence in cell 
homeostasis, regulating the oxidative damage and 
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improving the antioxidant defense mechanism. Thus, 
this study will show a literature review focusing the 
NAC, the CD4 and CD8 antibodies and physical 
exercise and the possible beneficial effects in the 
treatment of Type I Diabetes.

INTRODUCTION
Diabetes mellitus is characterized by a 

heterogeneous group of metabolic disorders, which 
provokes the hyperglycemia. The incidence of 
diabetes has increased over the years. In 1985, an 
estimated 30 million adults presented the diabetes 
mellitus worldwide, 135 million were observed in 
1995, reaching 173 million in 2002 and according to 
current data, approximately 366 million people 

(1)worldwide have diabetes . It is important to note 
also that each year 4.6 million people die from this 
disease. Approximately 10% of cases are of type I 
and 90% occurred in the childhood, showing the 
epidemiologic importance of this disease. In Brazil, 
there are approximately 5.6 million people with 
diabetes and 7.5 million cases of glucose 
intolerance. 

In addition to morbidity, the diabetes mellitus is 
related to a high social and financial cost and 
becomes a major concern in public health today. 
Thus, some authors emphasize the need to always get 

(1-7)new therapies to control this disease . Several 
experimental and clinical studies have shown that 
diabetes mellitus leads to a deficiency in insulin 
action and amount or total lack of it, triggering 
decrease in glucose uptake by the body remains in 
the blood so high. Hyperglycemia may have some 
consequences: alterations in body osmolality and 
general inflammation. 

The effects of glucose levels are related also with 
the appearance of signs of lethargy and fatigue. This 
lack of capacity to absorb and utilize glucose 
provokes diminishing of energy, promoting the 
utilization of other reserves such as fats and proteins, 
resulting in a byproduct, the ketone, common in this 
type of diabetes. This process possesses correlation 
with changes in pH and weight loss, despite the 
increased in food intake. With this, in type I diabetes 
is observed several complications among others, 

(8-16)vascular and tissue alterations . In relation to 
inflammatory infiltrated, this process is mediated by 
macrophages that recognize self antigens and 
cytotoxic T cells and that play roles in tissue 
destruction, mainly in pancreatic cells. 

Thus, tissue injuries occur throughout the body 
due to insulin alterations initiated by these 
processes, which affecting also the salivary 

(15,17,18)
glands . However, doubts still exist about the 
real causes and consequences of this disease, 
nevertheless some evidence shows that type I 
diabetes can be triggered by genetic and 
environmental factors, viruses, obesity and chronic 

or acute inflammation, as already mentioned and 
that attack the beta cells of the pancreas. This is due 
to an autoimmune response, where there is migration 
of lymphocytes and T cell, triggering the cell 

(9,12,18,19-25)
destruction . 

Thus, become necessary to search differents 
therapies which are effective in the treatment of 
autoimmune diabetes and its harmful effects. In this 
aspect many studies show alone treatments, however 
few studies show associate treatments, mainly in 
relation to attempt to recover different tissues, 
including salivary glands. 

OBJECTIVES
Thus, this study will show a literature review 

focusing the NAC, the CD4 and CD8 antibodies and 
physical exercise and the possible beneficial effects 
in the treatment of Type I Diabetes.

MATERIALS AND METHODS
This review is based in analysis of literature 

available in databases for viewing online: BIREME, 
PubMed, SciELO, and LILACS. We conducted a 
literature review, with qualitative and preliminary 
selection of the articles in their entirety, focusing 
directly to the theme. The key-words used were N-
acetylcysteine, exercise, oxidative stress, diabetes 
mellitus type I, and the period used for search was 
from 1990 to 2012.

RESULTS AND DISCUSSION
According to studies analyzed, we observed that 

the Type I Diabetes is a public health problem 
showing the epidemiologic importance of this 
disease. Also, was observed different forms of 
treatment, demonstrating the attempt to revert the 

(8-16)
damages caused by this disease . 

This disease also leads to an increased in 
production of reactive oxygen species (ROS). These 
oxidants, final products of a small proportion of O2, 
including superoxide anion radical, hydrogen 
peroxide and hydroxyl radicals, are potent and may 

(26)
also enhance the tissue injury . In association, the 
hyperglycemia and ROS, promove the activation of 
PK-C isoforms (protein kinase C) and increased 
formation of glycosylated derivatives that stimulate 
the flow of glucose through the aldose-reductase, 
resulting in the accumulate of sorbitol, which is also 

(27,28)
toxic to tissues . 

Thus, these processes can be associated to 
(29,30)

complications also observed in diabetes . To 
compromise still more this condition, the primary 
antioxidant defense system, which comprises 
enzymes such as superoxide dismutases (CuZn-SOD 
- cytosolic and extracellular Mn-SOD - 
mitochondrial), catalase (heme enzyme) and 
glutathione peroxidase (GR / GPX - dependent and 
non selenium-dependent) that decompose, 
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respectively, in anion O2, H2O2 and lipoperoxides 
(26,31)

are comitted in hyperglycemic conditions . 
Therefore, many researchers have attempted 
evaluate the effect of antioxidants and other 
therapies for the prevention and treatment of 

(31-37)
diabetic complications . 

In this regard, some studies have shown that 
physical exercise in patients with diabetes can 
promote many benefits, such as heart rate control, 
improved lipid profile, increased insulin sensitivity, 
decreased insulin replacement and obesity, as well 

(38,39)as reduction of vascular dysfunctions . In 
addition physical exercise can influence the cellular 
homeostasis, balancing oxidative damage and 
improving the antioxidant defense mechanism. 
During moderate exercise, chemical reactions lead 
to modulation of ROS, and can protect tissues from 
damage caused by oxidizing. The enzymes such as 
SOD (superoxide dismutases), CAT (catalase) and 
GPX / GR (glutathione peroxidase) seem to respond 
in an adaptive manner, increasing its activities in 
tissues and organs of trained animals and in 

(40-43)
humans . Moreover, these beneficial effects of 
moderate exercise described can modulate the lipid 
peroxidation. This lipid peroxidation can occur in 
cell membranes and may be related to biological 
damage promoted by free radicals produced after 

(44-49)
intense training . However, this increase in lipid 
peroxidation appears to be tissue specific, showing 
that some organs have immunity against this process 
even after physical activity. 

Avula & Fernandes (1999) found a reduction of 
lipid peroxidation in kidney and salivary glands of 

(50)mice trained when compared with sedentary . 
Thus, although complex, this demonstrates the 
potential beneficial effect of exercise in reducing 
oxidative stress, as well as the intimate relationship 
of this process with the salivary tissues and the 
positive response of these tissues after this activity. 
In addition to training, exist the antioxidants that 
may also recover damages caused by diabetes. 
Among these are the NAC (N-acetylcysteine), which 
is considered as a powerful antioxidant. Its action is 
due to the ability to stimulate the synthesis of reduced 
glutathione (GSH), enzyme responsible for the 

(51)
antioxidant defense system . Studies also have 
shown its inhibitory action on biomarkers of 
oxidative stress in different tissues. Guo et al. (2007) 
investigated the effect of N-acetylcysteine (NAC) on 
the expression of nicotinamide adenine dinucleotide 
phosphate oxidase (NADPH), antioxidant enzymes 
and inflammatory markers in diabetic rats. The 
authors found satisfactory answers in relation to the 
NAC and its antioxidant and protective effect in 

(52)different tissues . 
Corroborating to this, Ribeiro et al. (2011) 

evaluated the effects of NAC in reducing the 
oxidative tissue damage in the liver and kidneys of 

diabetic rats. The authors observed a significant 
decrease in lipid peroxidation, especially in the 

(51)kidney tissue . However, one study found that 
despite of NAC have these beneficial effects in some 
tissues due to its antioxidant action, its protective 
effects on pancreatic beta-cells are not well 
elucidated in Type I Diabetes. To this was used a 
model transference of splenocytes of NOD mice to 
Scid mice for induce the diabetes, treated with NAC. 
After treatment, it was observed that in two weeks of 
NAC use, there was an increase in infiltration of CD4 
and CD8, further accelerating the autoimmune 
process in this animal model which is detrimental to 

(53)pancreatic beta cells . This process occurs because 
the immune system appears very sensitive to cysteine 
that is a composite of the NAC. With this, a larger 
amount of intracellular cysteine promotes greater 

(54)infiltration of T cells in the tissues . This process 
promotes the progression of the disease. However, 
the use of antibody specific anti CD4 and anti CD8, 
can show satisfactory action, with a decrease in 
infiltration of CD4 and CD8 cells in the pancreatic 

(55)
beta-cells of non-obese animals . 

Thus, it would be possible and necessary a 
combination of these two therapeutic agents, to 
block the imunological action of NAC and thus 
decreasing the infiltration of lymphocytes. In this 
form, it is clear that diabetes is related to the process 
of oxidative stress and the moderate exercise can 

(40-43)
help stimulating the antioxidant enzymes . 
Furthermore, NAC, CD4 and CD8 antibodies may 
be a potential therapeutic agent when associates, 
improving insulin sensitivity and modulating the 

(51,52,56)production of free radicals .

CONCLUSION 
The studies showed that the use of the 

antioxidant N-acetylcysteine is widely used, being 
effective in animal models and mainly in type II 
diabetes. However, its action on pancreatic beta 
cells in patients with type I diabetes is not well 
elucidated and its use could trigger further 
infiltration of CD4 and CD8, which is damaging to 
tissue. It was also observed that a therapy with CD4 
and CD8 antibodies was effective in recover 
pancreatic beta cells. Thus, this literature review 
showed that NAC, the CD4 and CD8 antibody and 
the exercise when in association may be more 
effective in reduce oxidative stress and the 
inflammation, restoring thus the morphology of the 
salivary tissue.
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