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Abstract
Background and aims: The reactive oxygen species (ROS) shows intensification of tissue damage caused by type I diabetes melli-
tus, and N-acetylcysteine (NAC) can modulate this process by reducing its action. However, in diabetics, NAC seems to potentiate 
these damages because it stimulates a high infiltration of CD4 and CD8 T lymphocytes, which leads to an important therapeutic 
association with anti-CD4 / CD8 antibodies. Besides, physical exercise can complement this treatment by stimulating the body’s 
natural antioxidant defense. The purpose of this study was to analyze the effects of a combined treatment with NAC, anti-CD4 / 
CD8, and physical exercise on the reduction of damage in the salivary tissues on NOD mice. Material and methods: Female mice 
were divided into 5 groups with 6 animals each, composed by: Balb/c; NOD; NOD + Ex; NOD + NAC + CDs NOD + NAC + CDs + 
Ex. The NAC was applied intraperitoneally for 21 days at a dosage of 50mg/kg. The anti-CD4/CD8 were applied intravenously at 
a dosage of 25 µg/ml on days 0, 7, 14, and 21. During the experimental period, the animals of the exercise groups were subjected 
daily to 30 minutes of swimming exercise. After 21 days, the tissues were assessed by light microscopy analysis, stereological and 
immunofluorescence techniques for verification of INS-R insulin receptors. Results: For animals in the NOD + Ex groups; NOD + 
NAC + CDs; NOD + NAC + CDs + Ex, it was noticed a decrease in lymphocytes and inflammatory processes, as well as a significant 
increase in the relative neutrophils numbers. There was also a statistically significant difference in the increase of nuclear, and 
cytoplasmic volume, and an intense INR-S marking when compared to the NOD group without treatment. Conclusion: The ther-
apy used, when associated with NAC to anti-CD4/CD8 promoted the recovery of glandular architecture and INS-R, along with 
benefit in the reduction of inflammatory processes. It was also found that physical exercise potentiated the therapeutic action of 
the drug in the tissue restructuring of the salivary glands.

Keywords: diabetes mellitus type I; oxidative stress; N-acetylcysteine; physical exercise.

www.rjdnmd.org�


© 2021 The Authors 243Romanian Journal of Diabetes, Nutrition and Metabolic Diseases  ::  www.rjdnmd.org

Rom J Diabetes Nutr Metab Dis. 2021; volume 28, issue 3

of CD4 and CD8 T lymphocytes in beta-pancre-
atic cells of non-obese diabetic animals [13, 14]. 
Accordingly, would be possible to associate NAC 
and these two therapeutic agents, in an attempt 
to block the infiltration of T lymphocytes, pro-
moted by NAC, allowing only their antioxidant 
activity. Therefore, diabetes is related to the oxi-
dative stress process and, low-intensity physical 
exercise can assist in the adaptation of antioxi-
dant enzymes [10, 15–17]. Also, NAC can be an anti-
oxidant and a potential therapeutic agent when 
associated with CD4 and CD8 antibodies, that can 
improve insulin sensitivity and modulate the pro-
duction of free radicals [10, 18, 19].

Thus, in salivary glands, which have mor-
phologically structure similar to the pancreas and 
possibly affected in the same way by the hypergly-
cemic condition, the use of the antioxidants could 
decrease oxidative stress and inflammation, like-
wise recovering the morphology of salivary tis-
sues. Thereby, the aim of this study was to verify 
the effects of a combined treatment with NAC, 
anti-CD4/CD8, and physical exercise jointly on 
the reduction of damage in the salivary tissues of 
non-obese diabetic mice (NOD).

Material and method 

Animals and experimental conditions

In the present study, 30 female mice were 
initially used, divided equally and randomly into 
5 groups: healthy controls (Balb/c); diabetic con-
trols (NOD); Diabetic NOD + Physical Exercise 
(NOD + Ex); Diabetic NOD treated with Nac + 
Anti-CD4/CD8 (NOD + NAC + CDs); Diabetic NOD 
treated with Nac + Anti-CD4/CD8 + Physical Exer-
cise (NOD + NAC + CDs + Ex). 

All animals were 15 weeks aged and weigh-
ing 24 g on average. Maintained in a standardized 
manner regarding the environment, food, and 
treatment according to the norms about Animal 
Experimentation of the Laboratory. The work was 
approved by the ethics committee of the Institute 
(CEUA / FMJ process N °: 342/11).

The weekly monitoring of all animals was 
done to assess blood glucose levels (mg/dl). The 
animals that presented glycemic values above 

Background and aims

Hyperglycemia, characteristic of type I 
diabetes mellitus, can lead to an increase in the 
production of reactive oxygen species (ROS). 
These oxidants, the final products of a small part 
of O2, among them the superoxide anion radi-
cal, hydrogen peroxide, and hydroxyl radicals are 
aggressive and can further potentiate cell damage 
[1].

Thereby, along with the hyperglycemia, 
the ROS promote the activation of PK-C isoforms 
(C kinase protein) and the increase in the forma-
tion of glycosylated derivatives that stimulate a 
rise in the flow of glucose at the aldose-reductase 
pathway, which results in a sorbitol accumula-
tion, also toxic to tissues [2, 3]. For this reason, 
studies have tried to evaluate the effects of antiox-
idants in addition to other therapies for the pre-
vention and treatment of these complications [1, 
3–6]. In this regard, physical exercise in patients 
with diabetes can promote several benefits to the 
whole organism, such as heart rate regulation, 
improved lipid profile, increased insulin sensi-
tivity, decreased insulin replacement, and obe-
sity, in addition to vascular dysfunction decrease. 
It could also be observed that physical exercise 
can influence cell homeostasis, balancing the 
oxidative attack, and improving the antioxidant 
defense mechanism [7–9].

Besides physical exercise, there are anti-
oxidant agents that could promote recovery from 
damage caused by diabetes. Among these are 
NAC (N-acetylcysteine), which is considered a 
potent antioxidant agent. Its action refers to the 
capacity of stimulating the synthesis of reduced 
glutathione, one of the enzymes responsible for 
the antioxidant defense system [10, 11]. However, 
the studies observed that despite NAC present-
ing beneficial effects, their protective effects on 
beta-pancreatic cells it is still not exemplified.

The immune system is very sensitive to 
cysteine action, which is a compound of NAC. 
With this, the high intracellular amount of cys-
teine benefits higher infiltration of T cells in the 
tissues, leading to the progression of the disease 
[12]. However, studies that have been exploring 
the specifics antibodies, anti-CD4 / CD8, have 
been obtained success in blocking the infiltration 
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of the University’s Department of Morphology 
and Basic Pathology.

Immunofluorescence

For immunofluorescence, the samples 
from the salivary glands and frozen sections were 
post-fixed using alcohol and acetone (1: 1) at 40°C 
for 3 minutes and followed by 4% paraformal-
dehyde for 10 minutes, then the sections were 
washed in buffered saline (PBS). In due course, all 
sections were subjected to a 3% hydrogen perox-
ide blocking solution in water, and later they were 
placed in a second blocker for the nonspecific 
protein-protein binding sites with bovine serum 
albumin in PBS buffer, at room temperature for 
1 hour. For the labeling of insulin receptors, the 
samples were incubated in a specific primary anti-
body (alpha INS-R, Santa Cruz, CA, USA), diluted 
in blocking solution (1:250), and applied over the 
samples for 12 hours at 4°C. Following this, the 
sections were washed in PBS buffer and incubated 
in secondary fluoresce-conjugated antibody (IgG-
FITC, Santa Cruz, CA, USA) diluted in a blocking 
solution (1:100), due avoiding unspecific mark-
ings. The cuts were once again washed with PBS 
and mounted in 1.4-diazabicyclo [2.2.2] octane 
(DABCO, for fluorescent microscopy) (Sigma, 
St. Louis, USA), observed and photographed 
under the Fluorescence Microscope. To obtain 
all images, 20× and 40× objectives were used. For 
the control of negative immunostaining, parts of 
even samples were not incubated in the primary 
antibody.

Statistical analysis

The data normality was verified using the 
Shapiro-Wilk test. The analysis of variations in 
glucose concentrations, volume of the glandu-
lar acini nucleus, volume of the glandular acini 
cytoplasm, and the number of intergroup inflam-
matory cells was performed using the one-way 
ANOVA, and when relevant, the Tukey test was 
used as a post-test. To the accuracy of the sig-
nificance between the comparisons of the main 
effects, as well as those of the post-test, a value 

300 mg/dl were considered diabetic [20]. The 
blood of these animals was collected and ana-
lyzed in the Accu-Chek Performa device (Roche, 
NY, USA). Blood samples were obtained by car-
diac puncture for metabolic analysis. After con-
firmation of diabetes using the method described 
above, animals receive 50 mg/kg of antioxidant 
NAC daily intraperitoneally for 21 days [21]. The 
NOD + Ex; NOD + NAC + CDs and NOD + NAC + 
CDs + Ex animals were submitted to an exercise 
program (swimming) during 30 minutes, per-
formed 5 times a week for a period of 21 days in 
total [22]. Associated with the treatment, the 
group of NOD + NAC + CDs and NOD + NAC + CDs 
+ Ex received a dose of 25 µg of anti-CD4 / CD8 
every 7 days by intravenous route (respectively 
on days: 0, 7, 14 and 21), as settled in previous 
studies [23].

After the treatment period, the animals of 
all groups were submitted to the anesthetic Ket-
amine (130 mg/kg) and Xylazine (6.8 mg/kg) (1:1) 
and the salivary gland samples were collected. 
Then the animals were sacrificed with an addi-
tional anesthetic procedure (according to the 
principles of experimentation on animals-CO-
BEA/Concea). The samples obtained were submit-
ted to stereological analysis.

Light microscopy and stereology

The samples of the parotid and subman-
dibular salivary glands were fixed in Bouin’s 
Solution (Picric Acid Solution), with subsequent 
inclusion in plastic resin (Paraplast Plus, Oxford 
Lab, USA) and stained with hematoxylin and 
eosin (HE) [24, 25]. The acinar cells volume, such 
as nuclear and cytoplasmic of the parotid and 
submandibular glands, were measured using 
slides for light microscopy. These volumes were 
obtained after analysis of 50 cells of each animal 
totaling 300 acini per experimental group by the 
method of counting points similar to what Weibel 
describes (1979) [26]. For this current study, were 
considered intact and circular or ellipsoid acini 
nuclei with defined limits. These procedures were 
performed on 100x plan-achromatic objective at 
NIKON Eclipse microscope (Nikon, Japan) cou-
pled to the SD-3.3 CCD image acquisition system 
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and stereological analysis of the submandibular 
glands. A slight intercellular space was observed 
in the acini, salivary ducts (Figure 2A). In NOD 
mice involuted cells and a space increase between 
the acini were identified, also the nuclei were 
located in the basal region (Figure 2C). About the 
NOD + Ex, NOD + NAC + CDs and NOD + NAC + 
CDs + Ex group, involuted acini were noticed com-
pared with the Balb/c group, however, related to 
the NOD mice the acini were significantly recov-
ered (Figure 2E, G, I).

Regarding the parotids gland, in the Bal-
b/c group, serous acini with columnar cells with 
pyramidal shape were observed. The basophilic 
cytoplasm and the basal nucleus were detected. 
Through the acini, a slight stromal space and sal-
ivary ducts were seen (Figure 2B). In NOD mice, 
cells presented an increase in the interacinar 
space and involution. The nuclei were located in 
the basal region (Figure 2D). In the NOD + Ex, 
NOD + NAC + CDs and NOD + NAC + CDs + Ex 
group, even though there were involuted serous 
acini, it recovered in relation to NOD animals 
(Figure 2F, H, J).

Nuclear and cytoplasmic volumes in both 
submandibular and parotid glands of the Balb / c 
group have presented in normal standards mean-
while, in NOD animals, these volumes were unev-
olved comparing to the Balb / c group [F (4, 10) = 
508.7; p=<0.0001] and [F (4, 10) = 14.01; p=<0.0004] 
to nuclear volume of submandibular and parotid 
glands, and [F (4, 10) = 26.14; p=<0.0001] and [F 
(4, 10) = 16.36; p=<0.0002] to cytoplasmic volume 
of submandibular and parotid glands. However, 
animals of the NOD + Ex, NOD + NAC + CDs, and 
NOD + NAC + CDs + Ex group have demonstrated 
significant recovery at nuclear and cytoplasmic 
volumes when compared to the control group 
without NOD treatment (Figure 3).

of p≤0.05 was adopted. All cited tests were per-
formed using the Prism 8.0.1 software.

Results

When compared to the Balb/c group, 
the ANOVA test showed that all other groups 
presented high glucose levels [F (4, 11) = 147.0; 
p=0.0001]. However, in both groups, NOD + Ex 
and NOD + NAC + CDs was found that the treat-
ment demonstrated efficiency in reducing the 
values, although it does not return to the Balb/c 
group values. Besides, the association between 
treatment and physical exercise at the NOD + 
NAC + CDs group showed superior efficiency in 
reducing blood glucose when compared with the 
treatment alone (Table 1).

In mice of the Balb/c group, no inflam-
matory infiltrates were found. In opposition, 
there was an inflammatory infiltrate found at 
the salivary glands of the NOD group, in both 
the submandibular and parotid glands, present-
ing a relative number of lymphocytes and mac-
rophages significantly higher than in the control 
and treated groups (Figure 1A–E, respectively). In 
the NOD + Ex, NOD + NAC + CDs, and NOD + NAC 
+ CDs + Ex groups it is notice a decrease in lym-
phocytes (Figure 1A, D) [F (3, 8) = 12.36; p=0.0023] 
and ) [F (3, 8) = 27.10; p=0.0002], respectively, 
and inflammatory processes in submandibu-
lar glands (macrophages, Figure 1B) [F (3, 10) = 
4.596; p=0.0286], as well as a significant increase 
in the relative number of neutrophils (Figure 1C, 
F) [F (3, 8) = 8.869; p=0.0063] and [F (3, 10) = 13.01; 
p=0.0009], respectively.

The seromucous acini with mucous 
columnar cells and basal nuclei were noted in 
Balb/c group when observed by light microscopy 

Table 1: Fasting glycemic values.

Balb/C  
(n=6)

NOD  
(n= 6)

NOD+Ex 
(n=6)

NOD+NAC+ CDs  
(n=6)

NOD+NAC+
CDs+Ex (n=6)

Glucose (mg/dl) 143.5±21.8 605.25±31.2a 450.3±16.7ab 515.6±39.3ab 417.7±14.4abd

Values expressed as the mean ± standard deviation. The letters show the differences between the groups with a 
minimum significance of p<0.05. aDifferent from the Balb/c group. bDifferent from the NOD group. dDifferent 
from the NOD + NAC + CDs group.

www.rjdnmd.org�


https://doi.org/10.46389/rjd-2021-1037 © 2021 The Authors246

Raphael Oliveira Ramos Franco Netto et al.  Diabetes mellitus and disability

NOD mice the INS-R expression was mild (Figure 
4C, D and Table 2), and there was also an increase 
of INS-R expression at the NOD + Ex group (Figure 
4E, F and Table 2), whereas, in animals from NOD 
+ Ex+ NOD + NAC + CDs and NOD + NAC + CDs + 

Related to immunofluorescence analysis, 
as in the submandibular and parotid glands, the 
expression of the insulin receptors (INS-R) from 
the Balb/c group was intensely and uniformly 
observed close to salivary ducts (Figure 4A, B). In 

Figure 1: Expressed values as the mean ± standard deviation. The control group omitted because there are no 
inflammatory infiltrates. The p value of the pairwise comparisons are above brackets.
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Figure 2: Photomicrograph of the submandibular salivary gland (left column) and parotid (right column). A 
and B: In the Balb / c mice, a slight stromal space was observed between the acini (arrow). Normal serous 
acoustics (A) and normal nuclei (arrow) in these animals. C and D: In the NOD mice, the presence of major 
stromal space (S) was observed. Inflammatory infiltrates (I), acini (A), and involuted nuclei (arrow). E, F, G, 
H, I and J: In mice from NOD + PE groups; NOD + NAC + CDs and NOD + NAC + CDs + Ex, there was a reduction 
of the inflammatory infiltrate (I), the stromal space between the acini (S) and significant recovery of the acini 
(A) and nuclei (arrow).
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damage of salivary tissues in female mice. The 
main findings of this study were: I. The glucose 
concentrations of the animals in the treated 
groups (NOD + Ex, NOD + NAC + CD and NOD + 
NAC + CDs + Ex had a significant reduction when 
compared to the group without NOD treatment, 
but with no returning to the normal values of the 
Balb/c group; II. Significant reduction of lympho-
cytes and for the inflammatory process, as well 
as an important elevation in the relative number 

Ex group, the INS-R expression was intense, simi-
lar to the one detected at the animals of the Balb/c 
group (Figure 4G, H, I, J and Table 2).

Discussion

This study intended to analyze the effects 
of the combined treatment with NAC, anti-CD4/
CD8 plus physical exercise for reducing the 

Figure 3: Expressed values as mean ± standard deviation. The p value of the pairwise comparisons are above 
brackets.
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Figure 4: Photomicrograph of INS-R immunostaining in the submandibular (left spine) and parotid (right spine) 
glands. A, B: In the Submandibular and parotid glands of Balb / c mice, intense INS-R marking was noted (Arrow). 
C, D: In the NOD mice, a slight marking of these receptors was observed (Arrow) E, F: In the NOD + Ex mice, there 
was also a slight recovery of the INS-R marking (Arrow). G, H, I, J: In the NOD + NAC + CDs and NOD + NAC + CDs 
+ Ex mice, intense marking of these receptors was noted. H.E. (40×).
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compared to NOD. This fact may be directly 
linked with the effects of NAC and CD4/CD8 anti-
bodies in preserving the pancreatic tissues, along 
with positive physiological adaptations that phys-
ical exercise generally promotes in the metabo-
lism at the type I diabetes organism [28–32].

Related to salivary glands, the NOD + 
Ex, NOD + NAC + CDs, NOD + NAC + CDs + Ex 
groups have shown a significant reduction in 
lymphocytes and inflammatory process. Also, 
a significant increase in the relative number of 
neutrophils, with an important nuclear recovery, 
cytoplasmic volume, and INR-S receptors when 
compared to the NOD group without treatment. 
In the literature, there are several effects of dia-
betes on the salivary glands. Studies have demon-
strated the accumulation of lipid droplets that 
are characteristic of tissue damage processes and 
saliva. These morphological changes are more 
significant in the epithelium of the submandibu-
lar gland than in the parotid gland in mice with 
hyperglycemia [20, 28–30, 32–37].

In this context, the tissue recovery of the 
submandibular and parotid glands, presented in 
this study may be related to some aspects of the 
chosen therapy. Some research has shown that 
NAC could be a potent antioxidant and anti-in-
flammatory agent acting in hyperglycemic con-
ditions, rebalancing the antioxidant enzymes, 
reducing inflammation, and recovering specific 
tissues [11, 21]. One study investigated the effect 
of NAC on the nicotinamide adenine dinucleotide 
phosphate oxidase expression (NADPH), antioxi-
dant enzymes, and inflammatory markers for dia-
betic rats. The authors have found a satisfactory 
response for NAC which shows a protective and 

of neutrophils at the treated groups, when com-
pared to the NOD group; and III. The tissue 
restructuring of the submandibular and parotid 
glands has presented a significant statistical dif-
ference in the increase of nuclear and cytoplas-
mic volume and an intense INR-S marking when 
compared to the NOD group without treatment.

The high concentration of glucose in 
the blood due to the decrease in insulin in dia-
betic animals alters the metabolism, causing 
an increase in food consumption, consequently 
growing the feeling of thirst and excretion in the 
urine. Regarding the insensitive animals, glu-
cose levels are 180 mg/dl when fasting. In diabetic 
animals, on the other hand, these levels reach or 
exceed 300 mg/dl, thus showing or effectively the 
diabetic state, according to related studies in the 
literature [20, 27]. This condition is established 
due to the destruction of the pancreatic beta cells, 
which are responsible for insulin production, a 
hormone that allows glucose absorption and gly-
cemic control [20, 27]. Current studies have been 
demonstrated that physical exercise, as well as 
the use of NAC and treatment with monoclo-
nal anti-CD4/CD8 in isolation, can preserve the 
function of pancreatic beta cells, also improving 
insulin secretion and consequently promoting 
glycemic control of type I diabetes [7, 8, 14, 21].

The literature findings corroborate with 
this study, for it was possible to observe a reduc-
tion in the glycemic indexes of the treated groups 
when compared to those of the NOD group with-
out treatment, despite not maintaining similar 
levels to the control group Balb/c. It is important 
to highlight that NOD + NAC + CDs + Ex group 
had demonstrated lower glycemic levels when 

Table 2: Expression of insulin receptors (INS-R) in the salivary glands from different studied groups.

Submandibular Parotid

Balb/C +++ +++

NOD + +

NOD+ Ex ++ ++

NOD+ NAC+ CDs +++ +++

NOD NAC+ CDs + Ex +++ +++

Immunostaining: + Light; ++ Moderate; +++ Intense.
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aerobic exercises of long duration and low inten-
sity [3, 5, 11, 15–19], which can promote the pro-
tection and better tissue adaptation against these 
aggressive agents.

In addition to these beneficial effects 
described, a positive modulation was found in the 
reduction of lipid peroxidation after the exercise. 
This lipid peroxidation, when not modulated, 
could occur in cell membranes and possibly sake 
of biological damage promoted by free radicals 
released after training, knowing that practically 
all biomolecules are susceptible to this oxidation 
[17]. However, this increase in lipid peroxida-
tion seems to be tissue-specific, showing some 
organ immunity to this process even after phys-
ical activity. A reduction in lipid peroxidation in 
kidneys and salivary glands was observed in run-
ning-trained mice compared to sedentary mice 
[17, 41].

Positive immunological effects of physical 
exercise have also been detected. Physical exer-
cise can modify the state of organic homeostasis, 
leading to the reorganization of several system’s 
response, including the immune system. Neu-
trophils, and other types of leukocytes as well, 
could be quickly released by stimulation, such as 
adrenaline rush or physical exercise [16], which 
may explain the expressive increase of these cells 
in salivary tissues of the NOD+Ex group. In this 
study, it was possible to notice the physical exer-
cise enhanced as a therapeutic action in the tissue 
restructuring of salivary glands.

Nevertheless, this study has some limita-
tions. The number of animal quantity per group, 
however, the statistics have shown significance 
in the comparisons made, even with a low num-
ber of animals. That suggests an increase in the 
number of animals per group could lead us to 
similar results, contributing negatively to the 
3Rs rule [42]. To evaluate the effects of different 
treatments was beyond the purposes of this study, 
which focused only at evaluate the effect of treat-
ment with the mentioned compounds, associated 
with exercise. Therefore, it is recommended that 
future studies could consider this assessment 
to verify the impact of different lengths of time 
treatment, as well as the doses of the medications 
used.

antioxidant effect in cardiac tissue [18]. Another 
study evaluated its action in reducing oxidative 
tissue damage from the liver and kidneys of dia-
betic rats, furthermore, they have noted a signif-
icant decrease in lipid peroxidation, especially in 
renal tissue [10]. However, it is important to indi-
cate that these studies were made, in its major-
ity, using type II diabetic animals or chemically 
induced.

On another hand, for type I diabetes, 
NAC seems to stimulate the disease, potentiat-
ing damage, as it contains a cysteine compound, 
which leads the immune system to major pro-
duction of T lymphocytes [38]. In a research, a 
model for transferring explenocytes from NOD 
mice to NOD Scid mice was used to induce diabe-
tes, using a NAC as a treatment. After two weeks 
of monitoring the treatment, an increase in the 
infiltration of T/CD4 and CD8 lymphocytes was 
observed, forward accelerating the autoimmune 
process in this animal model [38].

Consequently, in order to obtain antiox-
idant activity of NAC, an association with T/CD4 
and CD8 lymphocyte blockers was necessary, as 
some studies have shown that the administration 
of specific anti-CD4 / CD8 antibodies was efficient 
in reducing the infiltration of T lymphocytes 
into pancreatic beta cells of non-obese diabetic 
animals [13, 14, 39, 40]. This demonstrates that 
an association between these two therapeutic 
agents is possible since the inhibitory action of 
anti-CD4 / CD8 in specific lymphocytes allowed 
the antioxidant action of NAC causing a decrease 
in inflammation and re-establishing the cell tis-
sue structure.

Also, the animals in the NOD+Ex and 
NOD+NAC+CDs+Ex groups have shown signifi-
cant recovery when compared to the animals in 
the NOD group. Several chemical reactions occur 
during the physical exercise causing EROs mod-
ulation. However, to protect tissues from possi-
ble damage caused by oxidizing elements during 
physical exercise, antioxidant enzymes such as 
SOD (superoxide dismutases), CAT (catalase) 
and GPX / GR (glutathione peroxidase) seem to 
respond in an adaptive manner, increasing their 
activity in tissues and organs of trained animals 
and humans. This reaction mainly appears in 
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Conclusion

In conclusion, these results suggest that the 
therapy used, especially when associated NAC with 
anti-CD4/CD8, could promote recovery of glandu-
lar architecture and INS-R, besides the assistance 
to reduce inflammatory processes. Furthermore, 
physical exercise, due to its ability to modulate the 
general homeostasis of the organism, could also 
be an important ally to drug therapy. Therefore, 
it is implied that this treatment could act, initially 
blocking the inflammatory infiltrate in type I dia-
betes through CD4/CD8 antibodies and then allow-
ing the NAC and physical exercise antioxidant 
action for the recovery of glandular homeostasis.
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