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Abstract
The objective of this study was to evaluate the effect of NAC, anti-CD4/
CD8, on salivary glands of spontaneously diabetic mice, mainly observing the
action of this therapy on the recovery of glandular homeostasis. Mice were
divided into groups with 5 animals each: Group I (Balb/C control); Group II
(diabetic NODs); Group III (NOD diabetics + NAC + anti-CD4 and CD8). NAC
was administered intraperitoneally for 21 days at the dosage of 50mg/kg. AntiCD4/CD8 antibodies at the dose of 25μg/ml were administered intravenously on
days: 0, 7, 14 and 21. The hyperglycemic condition promoted alterations in the
general homeostasis of the animals and also in the salivar tissues, characterized
by cellular pleomorphism and the presence of inflammatory processes. The
therapy used, promoted the recovery of glandular architecture as well as
aided in the reduction of inflammatory processes. Thus, it is suggested that
this treatment can act in two specific pathways, first blocking the inflammatory
infiltrate in type I diabetes and then allowing the antioxidant action of the NAC to
aid in the recovery of glandular homeostasis.
Keywords: Diabetes mellitus type I; Oxidative stress; N-acetylcysteine

Introduction
Hyperglycemia, characteristic of type 1 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 radical superoxide anion, hydrogen peroxide and hydroxyl
radicals, can further enhance cellular damage [1].
The main antioxidant defense system, constituted by enzymes such
as superoxide dismutase (CuZn-SOD - cytosolic and extracellular,
Mn-SOD-mitochondrial), catalas (heme-enzyme) and Glutathione
Peroxidase (GR/GPX) that respectively decompose the anode O2,
H2O2 and lip peroxides are depleted in hyperglycemic conditions [2].
There are antioxidant treatments that can recover damages
caused by diabetes. Among these, there is NAC (N-acetylcysteine),
which is considered a potent antioxidant agent. Its action is due to
the ability to stimulate the synthesis of reduced Glutathione (GSH),
one of the enzymes responsible for the antioxidant defense system
[3]. Studies have shown their inhibitory action in biomarkers of
oxidative stress in different tissues. A work 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 where NAC showed protective and antioxidant effects in
cardiac tissue [4]. Corroborating this, a study evaluated the effects
of NAC in the reduction of oxidative tissue damage in the liver and
kidneys of diabetic rats. The authors observed a significant decrease
in lipid peroxidation, especially in renal tissue [5]. However, another
study observed that despite NAC presenting these beneficial effects, its
protective effects on beta-pancreatic cells are not yet fully elucidated.
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To this end, we used a transfer model of NOD mouse farms for
NOD Scid mice to induce diabetes, using NAC as a treatment. With
this, it was observed that after two weeks of administration of this
treatment, there was an increase in the infiltration of CD4 and CD8
T lymphocytes, further accelerating the autoimmune process in this
animal model [6].
This process occurs because the immune system is very sensitive
to cysteine, which is a compound of NAC. With this, the greater
intracellular quantity of cysteine promotes a greater infiltration of
T cells in the tissues, thus promoting the progression of the disease.
On the other hand, a work, using specific antibodies, anti-CD4
and anti-CD8, managed to block the infiltration of CD4 and CD8
T lymphocytes in the beta-pancreatic cells of non-obese diabetic
animals [7]. Therefore, an association between the NAC and these
two therapeutic agents would be possible, in an attempt to block the
infiltration of the T lymphocytes, promoted by the NAC, allowing
only its antioxidant action. Thus, it is clear that diabetes is related
to the oxidative stress process, NAC can be an antioxidant and a
potential therapeutic agent when it is associated with anti-CD4 and
anti-CD8 antibodies, which can improve insulin sensitivity and
modulate the production of free radicals [4-7].
In this way, in salivary glands, which present structure
morphologically similar to the pancreas and are affected in the same
way by the hyperglycemic condition, the use of antioxidant could
decrease oxidative stress and inflammation, thus recovering the
morphology of the salivary tissues. Thus, the objective of this study
will be to verify the effects of prolonged treatment with NAC and
its associations and on the salivary tissues, observing mainly the
antioxidant action in the recovery of these tissues.
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Table 1: Mean levels of Glucose (mg/dL) between the groups studied.
Levels of Glucose (mg/dL)
Group I (Balb/c healthy)

143.50±21.79a

Group II (NOD unhealthy)

605.25±31.23a

Group III (NOD Nac + CD4 and CD8)

515.62±39.272,b

Values expressed by the mean ± standard deviation.
a,b Different in significance (P <0.05).

Materials and Methods
15 female mice divided into Group I (5Balb/C control animals)
were used. Group II (5 animal’s diabetic controls NOD) and Group
III (5 diabetic NOD treated with Nac + Anti CD4 and Anti CD8).
All the animals were in the age group of 15 weeks and weighing an
average of 24 grams from the Multidisciplinary Center for Biological
Research in the Animal Sciences Area of the State University of
Campinas (CEMIB, certified by the ICLAS). These were maintained
in a standardized way in relation to the environment, feeding and
treatment in the Laboratory Animal Experimentation Sector of the
Department of Morphology and Basic Pathology of the Faculty of
Medicine of Jundiaí.
As soon as the hyperglycemic condition was confirmed, group III
animals received 50mg/kg of the antioxidant N-acetylcysteine (NAC)
daily for 21 days [8], as well as doses of 25μg of anti-CD4 and antiCD4. -CD8 every 7 days intravenously (respectively on days: 0, 7, 14
and 21).
Weekly monitoring of all animals was done to evaluate blood
glucose levels (mg/dL). The animals that presented glycemic values
higher than 300mg/dl were considered diabetics. The blood of these
animals was collected and analyzed in the Accu-Chek Performa
apparatus (Roche, NY, USA). The blood samples were obtained by
cardiac puncture, for metabolic analysis. After the experimental
period, the female mice of all the groups were subjected to anesthesia
with (130mg/kg) / Xylazine (6.8mg/kg) (1:1) and the samples of the
Salivary glands. The animals were then sacrificed with a deepening
of the anesthetic procedure (in accordance with the ethical
norms in animal experimentation - Brazilian College of Animal
Experimentation). The samples obtained were subjected to the
stereological analysis.
All the animals studied received a solid diet in the form of grains
and ad-libitum water as a solid diet. Throughout the experimental
period, measurements were made of the daily liquid and solid
consumptions in the animals of the five groups studied. The corporeal
weights (g) of the animals were also verified at the beginning and end
of the experimental period.
The samples of the parotid and submandibular 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 eEosin (HE) 35. The volumes
Nucleic and cytoplasmic cells of the acinar cells of the parotid
and Submandibular glands were measured from sheets for light
microscopy. These volumes were obtained after the analysis of 50
cells of each animal totaling 250 acini per experimental group by the
method of point counting similar to that described by Weibel (1979)
[9]. For this study, intact acini and circular or ellipsoid nuclei with
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Table 2: Nuclear and Cytoplasmic Volume of the Acinar Cells (μm3) of the
submandibular glands.
Cytoplasmatic
Nuclear Volume
Volume
Group I (Balb/c healthy)

189.48±05.92a

534.73±63.21a

Group II (NOD unhealthy)

39.62±04.24a

71.29±18.86a

Group III (NOD Nac + CD4 and
104.37±04.42b
CD8)
Values expressed by the mean ± standard deviation.
a,b Different in significance (P <0.05).

310.33±85.60b

Table 3: Nuclear and Cytoplasmic Volume of the Acinar Cells (μm3) of the parotid
glands.
Cytoplasmatic
Nuclear Volume
Volume
Group I (Balb/c healthy)

137.82±37.27a
a

Group II (NOD unhealthy)

33.46±01.68

Group III (NOD Nac + CD4 and
CD8)

110.52±03.84b

497.74±58.81a
98.37±10.95a
329.06±24.60b

defined limits were considered.
The statistical study was performed for the following variables:
glucose levels, nucleus volume of glandular acini (μm3), cytoplasm
volume of glandular acini (μm3), number of inflammatory cells
of the groups and variance (ANOVA) confidence simultaneously
complemented by the nonparametric test of Kruskal-Wallis. The
entire study was conducted with at least 5% significance.

Results
Analysis of the glycemic levels
High glucose levels were observed in diabetic animals without
treatment (Group II). Recovery of these glycemic levels occurred in
the group III animals submitted to treatment (Table 1).
Microscopy of light and stereological analysis
Submandibular salivary gland: In group I, seromucous acini
were noted with mucosal columnar cells and basal nuclei. Among
the acini we observed salivary ducts and discrete intercellular space
(Figure 1A) (Tables 2,3). In untreated mice (Group III), involute cells
and increased space between the acini were observed. The nuclei were
located in the basal region (Figure 1B) (Tables 2,3). In treated diabetic
animals (Group III), inverted acini were observed when compared to
control animals, but significantly recovered compared to untreated
animals (Figure 1C) (Tables 2,3).
Parotid salivary gland: In group I, serous acini with columnar
cells with pyramidal format were observed. The basophilic cytoplasm
and the basal nucleus were noted. Between the acini, discrete stromal
space and salivary ducts were noted (Figure 1D) (Tables 2,3). In
diabetic mice without treatment (Group II), the cells presented
involutes and with increased interactive space. In most cases, an
increase in the concentration of the substance in the soil and in the
soil was observed, but recovered in relation to the animals without
treatment (Figure 1F) (Tables 2,3).

Discussion
Glucose reduction was observed in group III animals compared
to Group II animals. Healthy animals have fasting glucose levels of
180mg/dl. In diabetic animals, these levels reach or exceed 300mg/dl,
thus showing the effective diabetic state. The high concentration of
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the administration of specific anti-CD4/CD8 antibodies were efficient
in decreasing the infiltration of T lymphocytes into pancreatic beta
cells of non-obese diabetic animals [17-20].
This demonstrates that an association between these two
therapeutic agents is possible because the inhibitory action of antiCD4 and CD8 on specific lymphocytes would allow the antioxidant
action of the NAC causing a decrease of the inflammation and
restoring the tissue structure of the cel [21-31].

Conclusion
The therapy used mainly when associated NAC to the antiCD4/CD8 promoted the recovery of the glandular architecture as
well as helped in the reduction of inflammatory processes. Thus,
it is suggested that this treatment can act in two specific pathways,
first blocking the inflammatory infiltrate in type I diabetes and then
allowing the antioxidant action of the NAC to aid in the recovery of
glandular homeostasis.
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