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ABSTRACT
Aim of the Study: This research aimed to examine the protective antioxidant role of N-acetyl cysteine (NAC) against H202
induced oxidative stress in male albino rats.
Material and Methods: Forty adult male albino rats were randomly divided into 4 groups: Groupl (Negative Control Group)
(n=10): Normal diet and tap water for drinking, injected daily with 1ml/kg distilled water(DW) (i.p.) for 4 weeks. Group2: (
H202 Treated Group) (n=10) received normal diet, drinking water containing 0.5% H202 daily to induce oxidative stress
and injected daily with 1 ml/kg body weight distilled water(i.p.) for 4 weeks. Group3: (NAC Group) (n=10) received normal
diet, tap water for drinking and injected daily with NAC 150 mg /kg body weight (i. p.) for 4 weeks. Group 4: (Protected
Group) (NAC+H202) (n=10) received normal diet and drinking water contain 0.5% H202 daily to induce oxidative stress
and injected daily with NAC 150 mg. /kg body weight ( i. p.) for 4 weeks. Blood samples were collected from all the animals
groups for testing the antioxidant enzymes (Catalase and Glutathione peroxidase) and blood glucose level. The body weights
were checked. At end of the experiment the animals were anaesthetized. The salivary glands were dissected for histologic
investigation.
Results: Showed a significant reduction in levels of both Catalase and Glutathione peroxidase enzymes and a significant
increase in the blood glucose level at p <0.05, and a severs degeneration in salivary glands tissue for the H202 Treated Group
compared to the Negative Control Group, NAC Group and Protected Group (NAC+H202) which show no significant changes.
Conclusion: This study indicates the prophylactic and protective roles of NAC against H202 induced oxidative stress
deteriorating effect on salivary glands tissue, antioxidant enzymes, and blood glucose level in male albino rats.
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INTRODUCTION pathways, promoting cellular injury, neuronal death, and
mitochondrial dysfunction in addition to dysfunction of
receptors, ion channels, and other membrane proteins
leading to impair fluidity and permeability of the cell
membrane!®. To avoid oxidative damages, the antioxidant
compounds act as a defense system. The antioxidants are
divided to enzymatic and non-enzymatic antioxidants.
The enzymatic antioxidants is catalyzing the break down
and removal of ROS by conversion of the oxidative
products into hydrogen peroxide. Hydrogen peroxide is
then converted to water in the presence of cofactor metals
as copper, zinc, manganese and iron. These enzymatic
antioxidants maintain the structure and function of the
cell membrane by preventing lipid peroxidation, examples
include: superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx). Non-enzymatic antioxidants
function is interruption of free radicals chain reaction
(examples: vitamin C, vitamin E, plant polyphenol,
carotenoids and glutathione”®!. N-acetyl cysteine (NAC):

Oxidative stress is an imbalance between the generation
of reactive oxygen species (ROS) and the ability of cells
to neutralize them by antioxidant systems which lead to
an excess level of ROS!". ROS are active biomolecules
that physiologically result as by production of metabolic
pathways and/or by immune cells. ROS low levels are
physiologically important for many molecular pathways
such as cellular signaling, defense mechanism against
invading pathogens, for proper blood flow, important for
normal neuron activity, and normal growth and apoptosis>3!.
When ROS exceed the physiological level, it overcomes
the antioxidant capacity of cells leading to an oxidative
stress which plays a central role in the pathophysiology
of many diseases and health defects*. Excessive ROS
leads to biomolecules and DNA strands damage, excessive
peroxidation of lipid®l. ROS also impairs gene expression,
cytokine production, cellular metabolism change signaling
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NAC is widely used as an antioxidant, clinically it is
used as a mucolytic agent for many respiratory diseases
and to treat acetaminophen overdose. NAC is a thiol
compound and acts as an acetylated precursor of the amino
acid L-cysteine which is a building block of glutathione
(GSH)™.. The NAC direct antioxidant activity is due its free
thiol group that reacts with reactive oxygen (ROS) and act
as scavenger of them, while the indirect antioxidant activity
is related to the Cysteine which is the building block of
glutathione!'”). GSH is the most available non protein thiol
in the body and the powerful antioxidant responsible for
maintaining the cellular redox status which reacts directly
with reactive species, and acts as a cofactor or substrate for
antioxidant enzymes!'"!. This study objected to investigate
NAC prophylactic role on antioxidant enzymes, blood
glucose level, body weight and salivary gland tissue
against H,O, induced oxidative stress.

MATERIAL AND METHODS

Experimental models

This study was performed in the Pharmacology
Laboratory at the Dental Basic Science Department,
College of Dentistry, University of Mosul- Iraq. Forty
Albino male rats were kept in separated plastic cages with
wood shavings bed, free access to a standard diet and
water. The rats’ ages were 10-12 weeks and their weight
190-220 gm. A standard housing conditions were kept for
the rats: light/ dark cycle 12-hours light/ 12 hours dark,
temperature 20-21°C, humidity according to the external
environmental conditions!'?. The animals checked by
Veterinary Physician daily. This study was done according
to the guidelines and approval of the Ethical Committee.no
(UoM.Dent/A.L.8/22).

Medications

Acetyl cysteine (NAC): ampule 300 mg/3 ml. (Asist/
Bilim®, Turkey). Dose of NAC in this study was 150 mg/
kg body weight injected intraperitoneally (i.p)!'*., daily
for 4weeks!'”) Hydrogen peroxide(H,O,):solution extra
pure (Scharlau®,Spain). This solution was diluted with
distilled water to prepare 0.5% H,O, working solution
daily and used as drinking water for induction of oxidative
stress for 4 weeks!'¥l.

Study Design

Animals were divided into 4 groups: Groupl:
(Negative Control Group) (10 rats): received normal diet
and tap water for drinking and injected daily with 1ml /kg
body weight distilled water intraperitoneally for 4 weeks.
Group 2: (H,0, Treated Group) (10 rats) received normal
diet and drink water containing 0.5% H,0O, daily to induce
oxidative stress. injected daily with 1 ml/kg body weight
distilled water intraperitoneally for 4 weeks. Group3:
(NAC Group) (10 rats) received normal diet and tap water
for drinking and injected daily with NAC 150 mg. /kg body
weight intraperitoneally for 4 weeks. Group4:(Protected
Group)(NAC+H202) (10 rats) received normal diet and

drinking water containing 0.5% H,O, daily to induce
oxidative stress and injected daily with NAC150 mg./kg
body weight intraperitoneally for 4 weeks.

Body Weight

All animals were weighted at day 0, 1*week, 2™ week,
34 week, and 4" week of experiment. Dose of NAC was
tapered according to the body weight and to evaluate effect
of the oxidative stress and NAC on the body weight.

Blood samples collection

Blood samples were collected from all the animals
groups at day 0 of experiment and after 4% week from the
orbital plexus vein of the rats!”l. Blood samples collected
in gel tubes, kept at room temperature for 15 minutes.
Then the serum was separated by putting blood samples
in centrifuges 3500 rpm for 15 minutes and then put in
a separated Eppendrof and put in deep freeze (-20 °C)
until used for assay of the serum catalase and glutathione
peroxidase enzyme.

Biochemical Assay
Assay of the Blood Glucose

The blood glucose was tested from the tail using
glucometer (Viva Check)® for all the animal groups
This assay was done at day 0, 2" week and 4" week of
experiment.

Assay of the serum glutathione peroxidase

This test was done by using Rat GSH-Px ELISA Kit
(Nanjing Duly Biotech Co., Ltd China) For the quantitative
in vitro determination of Rat Glutathione peroxidase
concentrations in serum by ELISA . Serum glutathione
peroxidase was measured for all animals group at day 0
and after 4 weeks at end of experiment.

Assay of the serum Catalase

This test was done by using Catalase (CAT) Activity
Assay Kit (Elabscience)®. The serum catalase enzyme was
measured for all the animal groups at day O and after 4
weeks at end of the experiment.

Tissues collection and Histological Investigation

After 4 weeks of the experiment, all the animal groups
were anaesthetized and salivary glands were extracted,
Species of salivary glands for each animal were kept in 10%
formaldehyde (fixation). The histological investigation
was done by passing in 4 steps'®); dehydration, clearing,
impregnation, embedding, Sectioning and staining by
Hematoxylin and Eosin stain (H & E). The light microscope
evaluation was performed by 2 pathological specialists for
investigation of the results by using a digital camera
which is connected to the microscope.

Statistical analysis

Statistical Analysis was performed by SPSS program
version 21 for Windows software. Descriptive statistics of
data were expressed as (mean = standard deviation) values.

1166



Thanoon et. al.,

The differences between the 4 groups were statistically
analyzed by one-way analysis of variance (ANOVA) with
post-hoc Duncan's test for data of body weight, biochemical
test data. The differences were considered significant at
p <0.05.

RESULTS

Body weight

The body weight data revealed no change in growth
scale during the 4 weeks of the experiment for control
positive group (H,0,) compared to each of Negative
Control, Protected Group (NAC+H,0,) and NAC Group
(Figure 1).

Blood Glucose Level

Data of this work revealed no significant difference
between values of the Negative Control Group at day zero,
week 2 and week 4 (112.33+12.42) , (110.33 +4.93) and
(109.66 + 3.05) respectively. For H,0, Treated Group, there
is a statistical significant increase in the values at week
2 and week 4, (119.4 + 12.44) ( 134.6 £7.44) respectively
compared to dayO (111.8 +£11.32). For the Protected Group
(H,0,+NAC), there is no statistical significant difference
between the values at day zero, week 2 and week 4
(111.4+11.41), (112.24£9.50) and (11347.87) respectively.
For NAC group no statistical significant difference between
values at day zero, week 2 and week 4 (112.2+14.04),
(110.8+12.87) and (111.6 + 10.01) respectively. Statistical
analysis by ANOVA-test revealed a statistically significant
increase of values of H,O, Treated Group compared to
each of the Negative Control, (H,0,#+NAC) and NAC
Group at week 4. (Figure 2).

Catalase (CAT)

Data of this work revealed no statistically significant
difference between values of control negative group at day
zero and week 4 (30.22+9.75) (28.93+7.48) respectively.
There is a statistically significant difference between the
values of H,O, Treated Group at day zero and week 4
(33.9£2.42) (16.14 £9.48) respectively due to oxidative
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effect of H,O, which lead to reduction of value at week 4.
No statistical significant difference between values of NAC
group at day zero and week4 (28.44+8.89)(27.02+2.43)
respectively. Statistical analysis by ANOVA-test revealed
statistical significant difference between values of
H,0, Treated Group from each of Negative Control,
(H,0,+NAC) and NAC group at week4. (Figure 3)

GPx

Data of this work revealed no statistical significant
difference between the values of the Negative Control
Group at day zero and week 4 (2.5+0.66) (2.63%0.056)
respectively. There is statistical significant difference
between values of H,O, Treated Group at day zero and
week 4 (2.5£0.66) (0.75+0. 21) respectively due to
oxidative effect of H,O, which lead to reduction of value
at week 4. No statistical significant difference between
the values of (H,0,+NAC) Group at day zero and week
4 (2.5£0.66) (2.37+0.31) respectively. No statistical
significant difference between values of NAC group at
day zero and week4 (2.5+£0.66) (2.47+0.74) respectively.
Statistical analysis by ANOVA-test revealed statistical
significant difference between the values of H O, Treated
Group from each of the Negative Control, (H,O,+NAC)
and (NAC) groups at week 4. (Figure 4)

Histological Results

The microscopic examination of the salivary glands
sections showed that Negative Control and NAC groups
had no histological abnormalities and had intact acini and
ducts, regular cells of salivary glands (Figure 5,6). The
H,O, Treated Group had many pathological changes
as a severe necrosis of acini, striated duct and granular
convoluted tubules, increase of fibrous tissue that
surround interlobular ducts, edema between lobules and
congestion of blood vessels (Figure 7). The Protected
Group (H,0,+NAC) had intact mucous, serous acini and
interlobular ducts with the damage of the epithelium lining
of the granular convoluted tubules (Figure 8).
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Fig. 1: Body weight data, the values are expressed as (mean + standard deviation)
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Fig. 2: Blood glucose data, the values are expressed as(mean + standard deviation). * indicates a statistically significant difference at p<0.05
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Fig. 3: Serum CAT data values are expressed as(mean + standard deviation).  * indicates a statistically significant difference at p<0.05
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Fig. 4: Serum GPx data values are expressed as(mean + standard deviation).  * indicates a statistically significant difference at p<0.05

Fig. 5: photomicrograph of rat salivary gland of control negative Group Fig. 6: photomicrograph of rat salivary gland of NAC Group shows intact
shows intact mucous and serous acini (A), granular convoluted tubules mucous and serous acini (A), granular convoluted tubules (B), straight
(B), straight ducts (C) and blood vessel (D). H and E stain ,X 400 ducts (C). H and E stain ,X 400
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Fig. 7: photomicrograph of rat salivary gland of H202 Treated Group
shows severe degeneration (A) and necrosis with atrophy (B) of epithelial
cells lining granular convoluted tubules and atrophy of acini (C). H and
E stain ,X 400

DISCUSSION

Body weight

No change in the growth scale during 4 weeks of
the experiment for the Positive Control Group (H,0,)
compared to each of the Negative Control, Protected
(NAC+H,0,) and NAC groups. This result disagree with
another study that showed supression of growth scale for
H,O, Treated Group due to the toxicity of H,O,!""). This can
be explained by suggestion of Bouayed and Soulimani ,
2019 who suggest that acute exposure to H,O, oxidative
stress exclude change of body weight due to oxidative
stress induced anxiety and metabolic dysfunction!'®!.

CAT and GPx

The production of reactive oxygen species (ROS) such
as hydrogen peroxide (H,0,) and the removal of reactive
oxygen species in organisms is in a dynamic balance
in the normal condition. When the ROS exceeds the
physiological limit, this balance is broken, the biological
macromolecules will be damaged!"”. The antioxidant
defensing enzyme system such as CAT and GPx are
investigated in this study. CAT convert H,O, into H,O
and O,, glutathione peroxidase (GPx) function is the
breakdown of H,O, and  oxidize reduced glutathione
(GSH) to oxidized glutathione (GSSG), these enzymes
lead to protection of the cells from DNA damage and lipid
peroxidation maintaining the cell integrity®”. The results
of this study showed a significant reduction in serum CAT
and GPx activity in the H,O, Treated Group after 4 weeks
of administration H,O, compared to day 0, which indicate
oxidative stress state. H,O, is a powerful oxidizing agent
that leads to a depletion of GSH and a decrease NADPH
production via an inhibition of Pentose phosphate shunt.
NADPH is necessary to activate the enzyme glutathione
reductase which it is required to re-manufacture of
GSH from oxidized GSH?'. NADPH is important for
maintaining normal activity of antioxidant enzymes CAT

Fig. 8: photomicrograph of rat salivary gland of Protected Group(H202
+ NAC ) shows intact mucous and serous acini (A) and interlobular ducts
(B) with degeneration of epithelium lining granular convoluted tubules
(C). H and E stain ,X 400

and GPx for biosynthesis reaction, ATP production and
protection against ROS damage®. H,O, inhibits Nrf 2
and this also explain the reduction of CAT and GSH-Px
activity by H O, because Nrf 2 is a transcription factor
that regulates the expression of antioxidant enzymes,
activation of Nrf2 reduce ROS production and improve
the ability of protection against oxidative stress™®!. This
result agree with other studies?**]. The Negative Control
and NAC groups showed no significant changes between
day 0 and week 4 data. Protected group (H,O,+NAC)
showed no significant change in activity of both CAT and
GPx at week 4 compared to day 0 indicate NAC powerful
antioxidant capacity, while ANOVA analysis of the data at
week 4 showed a significant difference of the H,O,Treated
Group compared to Negative Control, NAC and Protective
groups. NAC prevent oxidative stress because it acts as
scavenger of ROS, precursor of GSH and NAC treatment
lead to increase the production of endogenous H2S which
inhibit apoptosis, enhance mitochondrial bioenergetics
and protect against ‘oxidative stress??®l. These results agree
with that of the studies of*"-?1.

Blood Glucose Level

Blood glucose was tested for all groups at day 0,2nd
week and 4th week. Results for H,O, treated group showed
a significant increase of the blood glucose values at 2™
week and 4" week compared to day 0 value for the same
group and compared to the Negative Control, Protected
(H,0,#NAC) and NAC groups. Oxidative stress and
hyperglycemia are cross-linked. ROS as H,0, aggravates
the stress signaling pathways in 3-cells of the pancreas as a
result of activation of (NF- kB) which causes apoptosis and
their damage. Oxidative stress also inhibits the respiratory
chain in B-cells and reduces ATP generation that leads to
suppression of the glucose-mediated insulin secretion and
elevation of the blood glucose level®!. This result is in
agreement with the results of other studies®*3!. The results
showed that no significant changes in the blood glucose
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level for each of NAC and (NAC+H,0,) groups at 2" week
and 4™ week compared to the values at day 0 also compared
to the Negative Control Group. Results indicate NAC has
beneficial effect on the blood glucose level. This can be
explained by the antioxidant role of NAC as a scavenger
of free radical, glutathione precursor and activator of
antioxidant enzymes so preventing disturbance of blood
glucose induced by oxidative stress. Also, NAC improves
mitochondrial glucose metabolism, improves sensitivity
to insulin and prevents insulin resistant’®>**]. These results
agree with the results of another study®.

Histology

Oxidative stress leads to dysfunction of rats salivary
glands and salivary secretion, Saliva has essential role
in maintaining good health, for oral cavity and also for
whole body by controlling homeostasis, moisturizing
effect and cleaning of mucous membranes and teeth. Saliva
start first stage of carbohydrate digestion and facilitates
the swallowing of food. Saliva acts as buffering agent that
maintain constant pH, protecting teeth against erosion and
decay. Damage of salivary gland by oxidative stress lead to
disruption of all these function!**!,

ROS stimulates nuclear kappa B factor (NF-xB); a
redox-sensitive transcription factor that leads to production
of further inflammatory mediators®. H,O, causes
disruption of the plasma membrane and leads to necrosisi".
This results was compatible with the histological results
which showed necrosis, edema and congestion in blood
vessels in the salivary gland of H,O, Treated Group
compared to Negative Control group. Damage of salivary
glands by oxidative stress agreed with that of another
study®. Protected group with NAC (NAC+H,0,) showed
much fewer of degeneration changes compared to the
Positive Control Group. This indicates the antioxidant
and anti-inflammatory effect of NAC. N-Acetyl cysteine
suppresses NF-kB by removal of ROS, NAC also inhibited
the synthesis of other inflammatory cytokines as IL-1f,
IL-6, IL-8, and TNFo**. Another mechanism related to
the indirect antioxidant activity of NAC is related to its
reducing capacity by restoring systemic stores of GSH
and reduced protein sulthydryl groups, which are involved
in the regulation of the redox state*’!,

CONCLUSION

N-Acetyl cysteine has prophylactic and protective
antioxidant roles on the salivary glands tissue injury, (and
antioxidant enzymes disturbance,) caused by H,O, induced
oxidative stress.
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