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of albino rats exposed to sodium nitrite
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Abstract

Aim The aim of the present study is to show how sodium nitrite alters the histology of submandibular salivary glands
and livers of Albino rats, as well as how chlorogenic acid may have therapeutic benefits.

Methods A sample size of thirty male Sprague Dawley Albino rats weighing between 100 and 150 g (5-6 weeks old)
was randomly allocated into 3 equal groups. Group I: rats were used as controls and were given phosphate buffer
solution, whereas Group II: rats were given an 80 mg/kg sodium nitrites (SN) daily dissolved in distilled water. The rats
in Group Il were given a daily dose of 80 mg/kg SN dissolved in distilled water and after 6 hours each rat received 50
mg/mL freshly prepared chlorogenic acid (CGA) every other day. For 12 weeks, all treatment modalities will be admin-
istered orally, every day. After the experiment, all rats were euthanized. Samples from salivary glands and livers were
processed and stained with H&E and interleukin 6 (IL 6). Malondialdehyde (MDA) and superoxide dismutase (SOD)
enzymes were detected using an ELISA assay.

Results Groups lIl had nearly comparable findings to Group | regarding histological pattern with normal submandib-
ular glands and livers features. Group Ill salivary gland treated with CGA exhibited higher SOD levels (20.60+4.81 U/g)
in comparison to the SN group, and lower MDA levels (111.58+28.28 nmol/mg) in comparison to the SN treated sam-
ples. In comparison to the SN group, CGA treatment significantly reduced MDA levels in liver samples (167.56+21.17
nmol/mg) and raised SOD (30.85+6.77 U/q).

Conclusions Chlorogenic acid has a protective effect against salivary gland and liver toxicity induced by SN in rats.
This was mediated via the anti-inflammatory and antioxidative properties of CGA and the restoration of oxidant/anti-
oxidant balance in rat salivary gland and liver.
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Background
Humans are constantly subjected to various chemicals,
including food additives. There is a growing awareness
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reported that low physiological concentrations (0.45-23
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uUM) of nitrite can cause several potential health benefits
[3]. However, long-term exposure to even low doses of
nitrite at high concentrations can have detrimental effects
on health and, in rare cases, even result in death [2].
Adverse health effects, such as birth abnormalities, respira-
tory tract illnesses, nervous system damage, and paraly-
sis, are brought on by long-term exposure to low levels of
nitrite [4]. Long-term nitrite exposure can also result in
mutagenicity and carcinogenicity [5, 6]. Oxidative dam-
age is one of the main mechanisms by which nitrite exerts
its toxicity. Numerous in vivo and in vitro investigations
have demonstrated nitrite toxicity, which occurs by oxi-
dative stress and includes hepatotoxicity, nephrotoxicity,
deregulation of inflammatory responses, and tissue injury
[7-10]. This is supported by reports that antioxidants can
improve nitrite toxicity [11, 12]. Also, degenerative changes
in the organs of nitrite-treated mice have been reported
[2]. Furthermore, SN toxicity can affect salivary glands
inducing inflammatory response and xerostomia affecting
the general wellbeing [13]. Research must be focused on
understanding the molecular processes of nitrite-induced
toxicity since nitrate/nitrite-contaminated areas are see-
ing an increase in the occurrences of health problems in
humans and animals [14], additionally, interest in natural
and herbal substances has been growing daily. to be used
as an alternative for treatment and prevention of several
chronic diseases. Due to their numerous potential ben-
eficial effects relating to their antioxidant and anti-inflam-
matory qualities, phenolic acids have recently attracted a
lot of interest [15]. One of the most readily available phe-
nolic acid components in food, chlorogenic acid (CGA) is
derived mostly from coffee and various fruit types. It is a
strong antioxidant that can lower intracellular redox states
that are out of equilibrium [15, 16]. Additionally, in vitro
research has that CGA primarily inhibits inflammation by
scavenging reactive nitrogen and oxygen species. Addi-
tionally, CGA enhances antitumor immunity by blocking
the NF-«B/EMT signaling pathway, which has anticancer
and anti-metastatic effects. This suggests that CGA could
be a viable option for cancer therapy [17]. Intoxicated sali-
vary glands could directly affect general wellbeing due to
xerostomia and decreased immunity of oral cavity [18].
The liver is susceptible to injuries by chemical compounds
and xenobiotic because it is often the site of metabolism,
and it is where some chemicals concentrate and become
bio-activated [19]. There is a link between liver and salivary
gland tumors; liver metastasis from salivary gland cancer
[20] and metastasis of hepatocellular carcinoma to salivary
glands [21] was reported. Owing to the mechanism of SN
toxicity and the characters of CGA in reducing the inflam-
mation and inducing antioxidant defense, the present work
was performed to investigate the possible effect of CGA in
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reducing the toxic effect of SN in submandibular salivary
glands and livers.

Methods

Animal subjects and sample size

The sample size was determined using G*Power 3.1.9.2
software (Heinrich-Heine-Universitat Dusseldorf, Ger-
many). An a priori analysis employing ANOVA (fixed-
effects, special, main effects, and interactions) was carried
out to compute the required sample size. The input param-
eters were effect size (f = 0.40), power (power = 0.95),
numerator (df = 4) and o error probability (0.05). The
predictor variables were three groups and one examina-
tion period. Three groups of thirty male Sprague Dawley
albino rats each weighing between 100 and 150 grams (5-6
weeks old), were randomly assigned. The protocol that was
adhered to for all experiment procedures was approved
by the Ethics Committee of the Faculty of Dentistry at
Mansoura University in Egypt code number MU-ACUC
(DENT.R.23.01.5). The rats were kept in separate cages
with tap water and standard rodent diet (There was a free
access to food and water). Additionally, a 12:12 light-dark
cycle, a 22 °C temperature fluctuation, and 65-70% rela-
tive humidity was all part of their light-controlled room.
This experiment followed the ARRIVE Checklist (https://
www.nc3rs.org.uk/arrive-guidelines) and Animal Research:
Reporting in vivo research protocols. All rats were ran-
domly and equally divided into three groups. (1) Control
group received phosphate buffer solution. (2) Sodium
nitrite-treated (SN) group, rats were treated daily with (80
mg/kg) SN dissolved in distilled water (Sigma Aldrich, St
Louis, MO, USA) (at 10:00 am) [22]. (3) Chlorogenic acid
treated group, the rats were treated daily with (80 mg/kg)
SN diluted in distilled water at (10:00 am) and received
CGA (50 mg/mL) (at 4:00 pm) (Sigma Aldrich, St. Louis,
MO, USA) that was prepared freshly every other day [23].
All treatment modalities will be given orally and daily for
12 weeks. Body weights were measured weekly. Each rat’s
weight gain or loss (measured in grams) was determined by
deducting its body weight on the day of scarification from
its initial weight at the start of the experiment. All rats were
anesthetized, and then then euthanized by overdose of hal-
othane [24]. Samples from the liver and submandibular sal-
ivary glands were taken and processed for further analysis.

Determination of levels of malondialdehyde (MDA)

and superoxide dismutase (SOD) in submandibular salivary
glands (SMG) and liver tissues using ELISA test
Malondialdehyde (nmol/mg) and superoxide dismutase
(U/g) were measured using an ELISA as indicators of
lipid peroxidation. The right halves of the SMG and
liver were washed in accordance with the manufactur-
er’s instructions, removing any extra blood with ice cold
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phosphate-buffered saline. Butylated hydroxytoluene
and a proteolysis inhibitor were added to the samples to
prevent oxidation and proteolysis. After homogeniza-
tion, the samples were stored in 20 mL of 1x phosphate
buffer saline for the night at < -20 °C. The homogenate
was centrifuged for 5 minutes at 5,000 x g to break the
cell membranes and remove any particle materials after
two freeze-thaw cycles. The supernatant was then sepa-
rated and stored at < —20 °C. The rat malondialdehyde
and catalase ELISA test kits were supplied by My Bio-
Source, and a Ray to RT 2100C microplate reader was
utilized. The acquired samples were stored at -80 °C and
then allowed to come to room temperature before being
used. As directed by the manufacturer of each kit, tis-
sue samples were added to the experimental wells of the
microplate, with a volume ranging from 50 to 100 ul per
well. Subsequently, 50—100 pl of the antibody mix per
well were added to the experimental and control wells.
Before being shaken on a microplate shaker, the micro-
plates were sealed with an adhesive and let to stand at
room temperature for two hours. Three gentle washes
using 350 ul of wash buffer per well were performed on
the experimental wells. Following the addition of 200 ul/
well of the antibody conjugate, the plate was shaken for
an hour at room temperature in the dark. After that, 200
ul of the substrate solution was added to each well, and
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the shaker plate was allowed to incubate for 30 minutes.
Upon adding 50 microliters of stop solution to each well,
the wells’ color changed to yellow. The absorbance was
measured at 450 nm within 30 minutes of applying the
stop solution (results at 570 nm subtracted) Tables 1, 2
and 3.

Measuring liver function
Monthly, two ml of blood drained from tail vein of each
rat and placed in tubes. These blood samples utilized for
detection of serum levels of alkaline phosphatase as well
as bilirubin using standard methodologies using com-
mercially available kits.

Histological and immune-histochemical evaluation

The left halves of the salivary gland and liver specimens
were fixed immediately in 10% formaldehyde for a full
day after they were prepared in phosphate buffer saline.
An automated tissue processor was used for tissue pro-
cessing. After that, the tissues were imbedded in paraffin
blocks and infused with melted paraffin. Serial sections,
each 4 um thick, were removed from each paraffin
block, put on covered slides, and left to dry. Histologi-
cal staining was performed with hematoxylin and eosin
(H&E) was used as a routine one to record the changes
in the histological architecture of the salivary glands and

Table 1 Descriptive statistics for the values of Alkaline phosphatase (ALP) (1U/L) and bilirubin (T. BiL) (mg/dL) levels in the blood after

1&2&3 moths(M) of the studied groups

Mean + SD Tukey’s HSD Post-hoc test
Control group SN group CGA group P value P1 P2 P3
Control vs. SN Control vs. CGA SN vs. CGA groups
group group
ALP 1M 225.33+7.00 304.17+22.95 248.83+5.26 <0.001* <0.001* <0.001* <0.001*
ALP 2M 225.67+£6.97 350.17£13.68 255.50+5.20 <0.001* <0.001* <0.001* <0.001*
ALP 3M 22533+7.00 404.67+22.33 280.50+42.15 <0.001* <0.001* 0.010* <0.001*
T.BiL 1M 0.18+0.05 0.43£0.05 0.36+0.05 <0.001* <0.001* <0.001* 0.057
T.BiL 2M 0.20+0.02 0.63£0.09 0.41£0.05 <0.001* <0.001* <0.001* <0.001*
T.BiL 3M 0.19£0.05 0.95+0.09 0.50+0.03 <0.001* <0.001* <0.001* <0.001*

Table 2 Descriptive statistics for the values of MDA and SOD levels in liver and submandibular gland of the studied groups

Mean = SD Tukey’s HSD Post-hoc test
Control group SN group CGAgroup  Pvalue P1Control P2 Control P3
vs.SN group vs.CGA SN vs. CGA groups
group

Subman- MDA (nmol/g. tissue) 106.98+19.12 27198+1682 1115842828 <0.001* <0.001* 0.005* 0.002*
d:bu('jar SOD (U/g. tissue) 39.0149.74 1286£199 20604481  <0.001* <0001* 0.001* <0001*
glan
Liver MDA (nmol/g. tissue) 140.03+27.78 339.70+23.87 167.56+21.17 <0.001* <0.001* 0.003* 0.002*

SOD (U/g. tissue) 54.33+£12.43 18.86+343 30.85+6.77 <0.001* <0.001* <0.001* <0.001*
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Table 3 Descriptive statistics for the values of IL 6 expression in submandibular glad and liver of the studied groups

Mean + SD Tukey’s HSD Post-hoc test
% area IL 6 expression Control group SN group CGA group P value P1 P2 P3
Control vs. SN Control vs. SN vs. CGA group
group CGA group
Submandibular gland 0.28+0.06 5.35+0.89 0.72+0.27 <0.001* <0.001* 0.004* <0.001*
liver 0.30+0.09 8.53+0.83 0.56+0.22 <0.001* <0.001* 0.027* <0.001*

T ANOVA test

*Tukey’s HSD Post-hoc test; results considered significant when the probability of error was less than 5%

livers. Rabbit monoclonal IL 6 antibodies were used for
immune-histochemical labeling. IL 6 is a key regulator
of inflammation and immunological activation. To facili-
tate antigen retrieval for immunostaining, the parts were
deparaffinized, blocked for 30 minutes at 20C using 5%
serum, and then heated for 45 minutes at 20C in a citrate
buffer.

Computer-assisted digital image analysis

Slides were photographed using an Olympus® digital
camera with a 40 x objective and a 1/2 x photo converter.
The photos were analyzed on an Intel® Core 15® based
computer using Video Test Morphology® software (Rus-
sia), which has a unique built-in mechanism for area and
% area measurements and item counting.

Statistical analysis

Utilizing the Statistical Package of Social Science (SPSS)
application for Windows (Standard version 26), all col-
lected data were coded, tabulated, and analyzed. Using
the one-sample Kolmogorov-Smirnov test, the data’s nor-
mality was initially assessed. For data that was regularly
distributed, continuous variables were shown as mean
+ SD (standard deviation). When comparing more than
two groups, the ANOVA test was employed, and the
post hoc LSD test was utilized to evaluate comparisons
between groups. The 5% level is the set threshold of sig-
nificance (p-value). When the p <0.05, the results were
considered significant. The results are more significant
when the p-value is less.

Results

Changes in body weight

The descriptive statistics showed that rats gained weight
in all groups from week 1 to week 12. Meanwhile, rats
in control group had weight gain (128.00+10.00g and
210.50+16.57g) in week 1 and week 12 respectively. Rats in
sodium nitrite group had weight gain (132.00+8.55 g and
196.50+11.43 g) in week 1 and week 12 respectively. Also
rats in chlorogenic acid treated group had weight gain
(136.33+9.37 g and 239.17+7.25 g) in week 1 and week 12
respectively. In weeks 1, 2, and 3, an ANOVA test showed

that there was an overall non-significant difference in
the body weights of all the groups with p value (0.329,
0.292 and0.070) respectively but in weeks 4 through
12, there was a significant difference between all groups
with p value (.007%, 023*, 0.002%, 0.001*<0.001*, <0.001%,
<0.001%, <0.001* and <0.001*) respectively (Fig. 1).

Alkaline phosphatase and bilirubin levels in the blood

An examination of descriptive data showed that
the SN group had the highest alkaline phos-
phatase (304.17+22.95 IU/L. 350.17+13.68 IU/L and
404.67+22.33 1U/L) and bilirubin levels (0.43+0.05 mg/
dL, 0.63+0.09 mg/dL and 0.95+0.09 mg/dL) after one,
two and three months respectively, while rats in control
group had the lowest alkaline phosphatase (225.33+7.00
IU/L. 225.67+6.97 TU/L and 225.33+7.00 IU/L) and bili-
rubin levels (0.18+0.05 mg/dL, 0.20+0.02 mg/dL. and
19+0.05 mg/dL) after one, two and three months respec-
tively. Statistically, an ANOVA test showed that there was
a significant overall difference in each group’s alkaline
phosphatase and bilirubin levels in the blood after one,
two and three months with p value <0.001 (Fig. 2).

Malondialdehyde (MDA) and superoxide dismutase
expression (SOD) by an ELISA

In comparison to the control group, salivary gland-
intoxicated SN samples exhibited considerably higher
MDA levels (271.98+16.82 nmol/mg) and lower SOD
(12.86£1.99 U/g). The samples treated with CGA exhib-
ited higher SOD levels (20.60+4.81 U/g) in comparison
to the SN group, and lower MDA levels (111.58+28.28
nmol/mg) in comparison to the SN treated samples. In
comparison to the control group, the hepatic homogen-
ates from the SN group had a significantly higher MDA
level (339.70+23.87 nmol/mg) and a significantly lower
SOD (18.86+3.43 U/g). In comparison to the SN group,
CGA treatment significantly reduced MDA levels
(167.56+21.17 nmol/mg) and raised SOD (30.85+6.77
U/g). Statistically, an ANOVA test showed that there was
overall significant difference in each group’s MDA and
SOD levels in both submandibular salivary gland and
liver with p value <0.001 (Fig. 3).
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Histopathological changes

The submandibular salivary gland of the control group
had nearly typical rat salivary gland histological archi-
tectural features, suggesting proper experimental condi-
tions. Secretory end pieces were predominantly serous
acini with basophilic spherical nuclei positioned basally
and eosinophilic pyramidal cells lining them. These acini
were divided with very fine connective tissue septa, and
their lumen was small. Granular convoluted tubules and
normal striated ducts were seen (Fig. 4A). In SN group, in
submandibular salivary gland, the duct system and acini
were both affected by SN toxicity. Moreover, widening
and thickening of interstitial spaces, cytoplasmic macro
vacuoles at acinar and ductal cells, significant degen-
eration of acini, and ducts leaving empty spaces in some
locations, lining cells with nuclear abnormalities, and
loss of the gland’s classical architecture with loss of an

intact appearance (Fig. 4B). Compared to the SN group,
specimens from the submandibular salivary gland group
treated with CGA exhibited histological improvements
(but were not completely recovered). Maintaining aci-
nar and ductal outlines, as well as many acini and ducts
having normal nuclei, were clear indicators of improve-
ment and recovery. Very fine intra-lobular spaces were
found. Few cytoplasmic vacuoles were observed at acinar
and ductal cells. (Fig. 4C). The liver of control rats shows
normal architecture of hepatic lobules with hepato-
cyte cords radiate from the central vein and divided by
endothelium-lined blood sinusoids. Hepatocytes have
a big vesicular nucleus and acidophilic cytoplasm; some
are binuclear (Fig. 5A). Liver sections from the SN group
revealed lower cellular density and vacuolar degenera-
tion of hepatocytes, as well as dilatation and congestion
of the central vein with a damaged endothelium lining,
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with closely packed serous acini (SA) lined with eosinophilic pyramidal cells and basally situated basophilic round nuclei, normal striated ducts
(SD) and granular convoluted tubules (GCT) in control group [A]. SN group section showing loss of classical architecture with the loss of an intact
appearance and an increase of interstitial connective tissue spaces between severely degenerated serous acini (star), lining cells with nuclear
abnormalities and variant shapes (arrow), loss of continuity of cell membrane of acinar cells with pyknotic nuclei (P), and cytoplasmic macro
vacuoles (V) [B]. Salivary glands of CGA treated group have preserved histological and architectural features with closely packed serous acini (SA)
and striated ducts (SD) with some nuclear pyknosis and macro vacuoles (V) in the acinar and ductal cells (P) [C]. scale bar 25 um

a few lipid droplets, a few dispersed inflammatory cells,
and dilated hepatic sinusoids (Fig. 5B). When compared
to the SN group, the liver specimens from the CGA
treated group had histological improvements (but were
not completely recovered). There were clear indications
of recovery such as improved hepatic architecture with
increased cellular density and obvious reduction of vacu-
olar degeneration of hepatocytes, but the central vein still
congested (Fig. 5C).

Interleukin 6 immuno-histochemical (IHC) results

Testing IL6 as a marker of immune system activation
showed brown positive IHC staining in submandibu-
lar gland (0.28+0.06%) (Fig. 6A) and liver (0.30+0.09%)
sections from control group (Fig 7A). Increased brown
positive THC staining in submandibular gland while
the CGA treated group revealed fewer brown stained
cells (0.72+0.27%) (Fig. 6C), sections from the SN group
showed positive reactivity (5.35+0.89%), particularly

around the severely vacuolated ducts and morphologi-
cally deformed acini (Fig. 6B). Increased brown positive
IHC staining (8.53+0.83%) was seen in liver slices from
the SN treated group (Fig. 7B). However, hepatic sec-
tions from the CGA group showed a significant decrease
in brown color (0.56+0.22%) (Fig 7C). An ANOVA test
showed that there was overall significant difference
between all groups regarding IL6 expression in both sub-
mandibular salivary gland and liver with p value <0.001
(Figure 8)

Discussion

Sodium nitrite is one of these harmful pollutants that has
an impact on human and animal health all over the world
[2]. SN is widely used in the food industry for enhanc-
ing the taste and the color of meat, preventing the ran-
cidity caused by lipid oxidation and as an antimicrobial
agent [25]. But increased the exposure to high levels or
even prolonged exposure to low level of SN lead to the
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sinusoids. H= hepatocyte, arrow= blood sinusoids, CV= central vein, (E)= endothelial cells and arrowhead= binuclear hepatocyte. A SN group
section showing vacuolar degeneration of hepatocytes (asterisk), lipid droplets (L), disrupted endothelial cell (E), inflammatory cells (curved arrow),
dilated congested central vein (cv) and dilated blood sinusoids (arrow) [B]. Liver of CGA treated group have improved architecture with reduction
in vacuolar degeneration of hepatocytes (asterisk) and congested central vein (cv) [C]. scale bar 25 um
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Fig. 6 Photomicrograph of rat’s salivary gland immune-labeled with anti- IL 6 showing weak immune-reactivity in control group (A), a positive
reaction that appears with cytoplasmic brown coloration (arrow) within the acinar and ductal cells with the highest level of immuno-reactivity in SN
group (B) while salivary gland (C) of CGA group showed mild immune-reactivity (IHCX400)

that appears with cytoplasmic brown coloration (arrow) with the highest level of immuno-reactivity in SN group (B) while liver of CGA group
showed mild immune-reactivity (C) (IHCX400)

formation of harmful compounds such as nitryl chloride,
results in cytotoxicity and tissue damage [2, 13]. In the
current study, we investigated SN toxicity in subman-
dibular salivary gland and the liver and the effect of CGA
as a potent anti-inflammatory and antioxidant. Nitrates
and nitrites circulate from the digestive system into
the blood, then into saliva, and back into the digestive

system [26]. After the active uptake of nitrate from the
circulation in the salivary glands and subsequent secre-
tion in saliva, the oral bacteria reduce the nitrate into
nitrite. Also, the liver secretes nitrate reductase [27].
Sometimes, nitrite loses an oxygen atom. Then, it turns
into nitric oxide (NO), an important molecule that has
various functions in the body. It can be toxic in high
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amounts, but it can also help protect the body [28]. Also,
nitrites can be turned into nitrosamine that has harmful
effects [29]. On the other hand, Stimulation of a nitrite-
NO pathway shows organ-protective effects on oxidative
stress and inflammation where the inorganic nitrite tar-
get NADPH (Nicotinamide adenine dinucleotide phos-
phate) oxidase, an important factor to the pathogenesis of
various diseases, in the inflammatory vasculature for the
antioxidant effect and open a new direction to modulate
the inflammatory response [30]. The SN treated group
had the highest alkaline phosphatase and bilirubin lev-
els compared to control and CGA treated group that was
in accordance with the well documented researches in
mammalians that reported the toxic effect of nitrates and
nitrites including impairment of reproductive function
[31], hepatotoxicity and methaemogobenemia [32], dys-
regulation of inflammatory responses and tissue injury
[33], and endocrine disturbance [34]. Also, Hassan et al.
[35] found that the serum of rats given NaNO2 treat-
ment had increased bilirubin levels along with elevated
AST, ALT, and ALP enzyme activity. The formation of
nitroso-compounds in the stomach’s acidic environment
can have toxic effects that lead to severe hepatic necrosis,
which could explain this [36]. In addition to decreasing
blood transaminase and alkaline phosphatase activity as
well as total bilirubin levels, Chen Z et al. reported that
supplementing with CGA reduced hepatocyte necrosis
and inflammatory cell infiltration [37]. We also observed
that CGA attenuated these alterations. A 50 mg/kg dose
of CGA was also observed to significantly lessen changes
in serum levels of a-naphthylisothiocyanate (ANIT), total
bile acid, alanine aminotransferase, and alkaline phos-
phatases caused by this chemical, according to another
investigation [38]. They attributed that to the signifi-
cant protective effect of CGA against lipopolysaccharide
-induced liver toxicity and CGA efficiently inhibited the
classic toxicity of carbon tetrachloride CCl4-induced

liver fibrosis in rats [39, 40]. On the other hand, in the
present study SN treated group showed a significantly
higher MDA level, and significantly lower SOD com-
pared to CGA group that revealed significantly decreased
MDA levels and elevated SOD in hepatic homogenates.
Also, Salivary gland intoxicated SN samples showed sig-
nificantly higher MDA levels and decreased SOD unlike
CGA treated samples showed restored levels of SOD
and decreased MDA levels compared with SN treated
samples. El-Nabarawy et al. observed that as nitrite dos-
age increased, MDA levels in hepatic and renal oxidative
stress significantly increased while antioxidant param-
eters such reduced glutathione (GSH), SOD, and catalase
(CAT) significantly decreased [41]. These findings were
in line with those of Abuharfeil et al. [42] who reported
that high nitrite doses cause nitrosonium ions, which
react with amines and amides to form nitrosamines and
nitrosamides, respectively. In vivo, diethyl-nitrosamine
causes free radicals to be produced in the liver of rats,
and N-nitrosamines can quickly cause oxidative stress.
Additionally, as documented by Patsoukis and Georgiou,
oxidative cytotoxicity and the negative effects of nitrites
in this study generate perturbations in oxidative indica-
tors in rats [43]. Moreover, Ansari et al. [44] observed
that superoxide forms and high NO concentrations inter-
act quickly, resulting in lipid peroxidation, tissue degra-
dation, and death. Furthermore, because sodium nitrite
depletes the substrates used by SOD and CAT enzymes,
it causes a dose-dependent rise in hydrogen peroxide and
superoxide radical levels. Lipid peroxidation and the car-
bonyl content of proteins rise consequently [45]. Regard-
ing the effect of SN on salivary gland, Elsherbini et al.
showed that sodium nitrite could increase the MDA level
and decrease GSH and total antioxidant capacity (TAC)
on the rat’s salivary gland due to the highly reactive prop-
erty of nitrite, which can reduce, oxidizing or nitros-
ylating compounds. It can be transformed into other
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compounds as nitrous acid ad nitric oxide [13]. Regard-
ing CGA, our research was consistent with that of Shi
et al., who reported decreased MDA levels and elevated
GSH and SOD levels, as well as the involvement of CGA’s
antioxidant activity in anti-fibrotic effects [46]. Further-
more, Li et al. demonstrated that CGA ameliorated oxi-
dative stress, inflammation, and liver histopathological
injury in rats by showing a significant rise in SOD and
GSH levels and a decrease in MDA levels following CGA
pretreatment [47]. Furthermore, Zha et al. [48] reported
that graded levels of dietary CGA supplementation could
enhance broiler chickens’ growth and antioxidant capac-
ity under normal physiological status and effectively
protect against diquat (DQ)-induced oxidative stress
by maintaining growth performance and redox status
in serum and liver and reducing hepatic inflammatory
response. As far as we are aware, no previous research
has examined the protective impact of CGA on the sali-
vary glands, where it was found to restore SOD levels
and lower MDA levels in comparison to samples treated
with SN. Regarding the effect of SN on the histological
picture of submandibular salivary gland and liver, our
study revealed alterations in granular convoluted ducts
and the loss of acinar structures. Furthermore, interstitial
gaps were observed to be thickening and broadening in
the liver and submandibular salivary gland sections. Liver
sections revealed many vacuoles, hepatocyte degen-
eration, blood sinusoidal dilatation and congestion, and
disrupted normal architecture of the hepatic cords. A
few papers explained the impact of SN on salivary gland
histology. According to Elsherbini et al. [13] in SMG, SN
poisoning appeared to have a greater effect on the duct
system than the acini. On the other hand, regarding the
effect of SN on the liver histology, Ahmadi et al., reported
that rats exposed to NaNO?2 revealed a reduction in the
cell density and a disturbance in the hepatocyte and sinu-
soidal order and organization. Natural discipline and the
hepatic cord’s structure were disrupted [49] that agreed
with our study. Also, El-Nabarawy et al., [41] observed
that as the concentration of NO increased, Significant
diffuse vacuolar degeneration was present, along with
many pyknotic nuclei and clear hepatic sinusoidal con-
gestion. Additionally, our findings aligned with those of
Ozen et al. [50] and Abu Aita et al. [51].

In our investigation, the liver and SMG antioxidant
defense systems and serum biochemical analysis results
were closely correlated with the histological improve-
ments (though incomplete recovery) that the CGA treated
group of both SMG and liver demonstrated as compared
to the SN group. that was consistent with Hsu et al’s report
that the CGA treatment significantly reduced the signifi-
cant hepatic injury caused by carbon tetrachloride (CCl4),
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where there was minor hepatocyte necrosis, inflamma-
tory cell infiltration, and ballooning degeneration [52].
Also, that was the same results in Tian et al., research [53].
Another evidence of damage in both salivary glands and
liver by sodium nitrite is the mediation of the inflamma-
tion as detected by increased pro-inflammatory cytokine
IL 6. In the current research, cytoplasmic immune-reactiv-
ity for IL 6 was found in each of the groups under inves-
tigation at varying degrees. Both salivary gland and liver
of SN group have the highest IL 6 expression than control
group. This is in agreement with Soliman et al., 2021 who
described that sodium nitrite could promote inflammatory
pathways by the increased secretion of cytokines IL 6 [54].
In the same direction, Sun et al. (2006) discovered that
exposure to sodium nitrite raised the level of IL 6 in human
stomach cells. This could be explained by sodium nitrite-
induced increases in oxidative stress and pro-inflamma-
tory cytokine activation [55]. In the current investigation,
CGA administration significantly reduced the expression
of IL 6 in the liver and salivary gland. According to Buko
et al, rats given ethanol showed a reduced inflammatory
response involving pro-inflammatory signaling pathways,
indicating a strong anti-inflammatory action of CGA [56].
By enhancing antioxidant enzyme activity and reducing
lipid peroxidation, CGA repaired the antioxidant defense
system. By enhancing the pro-oxidant—antioxidant imbal-
ance, CGA may help avoid damage to the body’s organs.
The primary pro-inflammatory cytokine that starts an
inflammatory cascade involving severe organ function
impairments from apoptosis is IL 6 [57]. Therefore, block-
ing IL 6 production or activity can significantly mitigate
the damage to the liver and salivary glands induced by SN
poisoning. According to our research, CGA inhibited the
pro-inflammatory cytokine IL 6, which had an anti-inflam-
matory effect and might help prevent damage to the liver
and salivary glands.

Conclusions

We suggest that SN can have serious toxic effects that
can damage the salivary glands and liver based on the
methodology used and the data found. Rats that get CGA
treatment recover more quickly and are better able to
fend off SN-induced hepatic and salivary gland damage
due to its anti-inflammatory and anti-oxidative proper-
ties and the restoration of oxidant/antioxidant balance.

Recommendation

We recommend to confirm hypo salivation caused by SN
and whether CGA had a protective effect by measuring
salivary flow. Also ALT/AST tests should be done as spe-
cific tests for liver function following the alkaline phos-
phatase test.
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