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ABSTRACT

There is a demand to find alternative medicine to treat the salivary glands, as any injury to
the salivary glands generates an abscess. The study aimed to evaluate the antioxidant impact
of walnut oil on lowering the state of oxidative stress caused by hydrogen peroxide. Thirty
rats were divided into three groups of ten rats each. G1, control received a daily dose of 0.2
g/kg of walnut oil. G2 was given 0.5% H202 drinking water every day. G3 was given 0.5%
H202 drinking water every day. Walnut oil at a dose of 0.2 g/kg was given orally once a day.
The treatment periods were 3, 7, and 14 days. The results revealed that the level of total
antioxidant capacity TAC increased significantly with a drop in MDA in the walnut oil group
over time, whereas the level of TAC decreased dramatically with an increase in MDA in the
H202 group. This finding was reversed when walnut oil was added to the administration,
especially after 14 days of treatment. The histopathological changes revealed the presence of
an improving effect of walnut oil against the oxidizing effect of H202, as the pathological
effects associated with the use of H202 with walnut oil were reduced when compared to the
H202 group alone, which showed necrosis of the striated ducts, and degeneration of the
convoluted tubules and mucous acinar cells. Vascularisation as well as increased fibrous
tissue. We concluded that walnut oil has antioxidant properties that can counteract the
oxidative effects of H202 in rat salivary glands.
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INTRODUCTION damage caused by them (Checa and Aran,
2020). Reactive Oxygen Species (ROS) are
Oxidative stress, also known as reactive  highly reactive molecules containing oxygen
oxidative stress, is the physiological condition ~ that can be both beneficial and damaging to
caused by the imbalance between the the human body. It is caused by exposure to
generation of reactive oxygen species and the  pollutants, chemicals, and some foods, and
body's ability to eliminate them and repair ~ When these substances are exposed to
metabolic processes, they form free radicals
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immunological function, and pathogen
protection (Sies and Jones, 2020; Alabdaly,
2021). Sometimes the amount of free radicals
is large and the body is unable to confront
them and get rid of them by known methods,
which are through the various antioxidants
present in the body (Raza et al., 2020)

The body may obtain antioxidants through
plant foods that contain them. Notable
antioxidant herbs with health advantages
include rosemary, turmeric, thyme, oregano,
cinnamon, and walnut oil (Diniz do
Nascimento et al., 2020). They function as
antioxidants, assisting in the neutralization of
free radicals in the body, protecting cells from
oxidative stress, and lowering the risk of
chronic diseases (Engwa et al., 2022). Walnut
oil is a form of oil derived from plant seeds.
The walnut (Juglans regia), a tree that
produces walnuts (Rébufa et al., 2022). The
oil obtained from nut kernels is well known
for its rich flavor and nutritional value (Di
Nunzio, 2019).

It is rated as high in omega-3, which is
necessary for heart health and brain function
(Lange, 2020). It contains antioxidants,
including vitamin E, which aids against
oxidative stress in the body also contain
Minerals such as manganese, copper, and
magnesium (DE, 2020; Zahed Mahmood et
al., 2019).

The purpose of the study is to assess the
antioxidant activity of walnut oil in protecting
salivary glands from H202-induced oxidative
stress injury.

MATERIALS AND METHODS

Medicines and chemicals

The utilized materials were the pure walnut
oil (99%, India Mart’s) and H>O> (hydrogen
peroxide, Scharlau® ultra-pure complex
solution, Spain). The solution was diluted
daily with the distilled water to make an
effective 0.5% H202 solution. To make a
0.5% H:0: solution, the Scharlau® ultra pure
H-0: stock solution was diluted every day in

distilled water to give the desired final

concentration of 0.5% (v/v).

Preparing therapy dosages

Walnut oil was orally administered at a dose
of 0.2 g/ kg. The dose was determined on the
assumption that 1 gram equals 1 ml. The dose
was given to each rat based on its weight.
Additionally, rats were provided with
drinking water.

Ethical approval: Ethical approval was
obtained to complete this study according to
the instructions of the Ethics Committee for
Animal Handling at the University of Mosul
No. 35 dated 2024.

Animals

Thirty male albino rats aged between 10 and
12 weeks and weighing between 190 and 220
grams were sourced from the Laboratory
Animal House facility. To mitigate any bias
stemming from differences in age and weight,
among the rats selected for the study groups,
the rats were placed into groups through a
simple randomization process involving the
use of random numbers to ensure fair
distribution. The study was structured based
on a randomized design (CRD). Data
collected from each group was examined
using one way ANOVA, followed by post
hoc tests to identify any significant
differences between groups. Statistically
significant results were determined with a P
value of less, than 0.05. Rats were kept in
typical housing circumstances, which
included a temperature of 20-21°C, a 12-hour
light/12-hour dark cycle, and humidity levels
based on external environmental conditions.

Study design

30 albino rats separated into 3 groups of 10
rats each. G1 is the control group were fed a
normal diet, provided with tap water, and
received a daily dose of 0.2 g/kg of walnut oil.

* To produce oxidative stress, G2 rats were
fed a normal diet and given 0.5% H>0>
drinking water every day (Eefan and Rahim,
2020).
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*G3 The animals were fed a standard diet
with 0.5% H»O- drinking water every day and
were administered 0.2 g/kg of walnut oil
orally every day.

The therapy period was 14 days long. The
animals were anesthetized by ether, and blood
were collected, and salivary glands were
extracted from them after 3, 7, and 14 days of
therapy.

Sample preparation

Blood samples were obtained from the eye
sockets using fine capillary tubes after the rats
were anesthetized with ether, and roughly 5
ml of blood was deposited in tubes and
maintained at the room temperature for
coagulate. To collect the serum from the
blood centrifuged the blood at 2500 rpm for
15 min. Serum transferred to the Eppendorf
tubes and then stored in a deep freeze at -20°C
until testing.

Biochemical tests used

1- Testing the total antioxidant capacity
(TAC) with a company-supplied specific
measuring kit from Biolabo.

2- Evaluate the MDA level from Biolabo.

Histopathological examinations

Following the completion of the therapy
periods (3, 7, 14). Salivary glands were
collected from 3 rats of each animals group at
each period, and the salivary glands were put
in containers containing 10% diluted
formalin until histological analysis was
performed on them. Histopathological
analyses were performed to prepare tissue
sections that could be read using optical
microscopes.

Statically analysis

Analyzing statistics

The information was analyzed using a two-
way analysis of variance (Two way
ANOVA). This analysis aimed to understand
how different treatments (Control group; H20-
group; H20.+ walnut oil group) time durations
(3 days; 7 days; 14 days) and their
interactions affected the variables under
study. To delve deeper into the relationship

between treatments and time periods on the
variables measured in the study we calculated
Least Square Means (LSMeans). These
values were used to compare and investigate
how the effects of treatments varied, across
time points. In order to compare sets of data
and their interactions accurately and
effectively we utilized Tukeys Honest
Significant Difference (HSD) test as a
method for multiple comparisons. We
deemed any outcomes with a P value of 0.05
or less statistically significant. The statistical
analyses were carried out using the program
IBM SPSS Statistics version 26 (IBM Corp.,
Armonk, NY, USA. (Field, 2018).

RESULTS

Biochemical results

After 3 days, TAC concentration in HO; +
walnut oil group (142 U/ml) was
considerably lower than in the Control (16.0
U/ml) and significantly higher than in the
H202 group (12.4 U/ml). After 7 days, TAC
levels in the H2O. group (10.5 U/ml) were
considerably lower than in the Control (16.4
U/ml) and H>O> + walnut oil groups (15.1).
After 14 days, T-AOC levels in the H20.
group (6 U/ml) were considerably lower than
in the Control (19 U/ml) and H20; + walnut
oil groups (15.4 U/ml).

TAC levels differed significantly between
time periods in all treatment groups. TAC
levels in the Control group increased from
16.0 U/ml after 3 days to 19 U/ml after 14
days. TAC levels in the H.O> group reduced
from 15.4 U/ml after 3 days to 6 U/ml after
14 days.TAC levels in the H202 + walnut oil
group ranged from 14.2 U/ml after 3 days to
15.4 U/ml after 14 days (Table 1).

A two-way ANOVA was conducted to assess
the interaction effects between treatment
groups and time periods on TAC levels. The
analysis revealed a statistically significant
interaction between treatment and time
(P<0.05), indicating that the effect of
treatment on TAC levels varied depending on
the duration of the intervention.
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Table 1: levels of TAC U\ml between periods and treatment groups.

Treatments Control (walnut oil) H.0- group H,0,+ walnut oil
Periods
3 days 16.0+£1.0c 12.4+1.0C 14.2+1ab C
7 days 16.4+2.0b 10.5+3.0ac C 15.1+1.0b
14 days 19 +2.0 ab AB 6+1.0a AB 15.4+2.0a A

a: Different from the control group at P<0.05. b: Different from H.O: group at P<0.05. c: Different
from H.O:+walnut oil group at P<0.05. Uppercase letters indicate differences between periods within
the same treatment group. A: Day 3 is significantly different from day 14. B: Day 7 is significantly
different from day 14. C: Day 3 is significantly different from day 14.

Post hoc comparisons were performed using
Tukey’s Honest Significant Difference
(HSD) test to identify significant differences
among the least square means (LSMeans). As
shown in Table (2), the control group
consistently maintained higher TAC values
across all time points, with significant
differences observed compared to the H.O-
group. After 14 days, the H20: group
exhibited the lowest TAC levels (6.0 = 1.0
U/ml), significantly different from both the
control and the H:O:t+walnut oil groups
(P<0.05). The group receiving H:0: in
combination with walnut oil showed
intermediate TAC levels, suggesting a partial
protective effect of walnut oil against
oxidative stress.

The different superscript letters (a, b, c, d)
denote statistically significant differences
between group means within the same time
point. These results confirm that both
treatment and time had significant effects on
TAC, and the interaction between them was
meaningful.

Table (3) shows the impact of therapy on
MDA. After three days, the MDA level in the
Control group (30.0 nmol/ml) was sub-
stantially less than these in the H>O> group
(50.4 nmol/ml) and H202+walnut oil group
(45.2 nmol/ml). After 7 days, MDA levels in
the Control group (28.4 nmol/ml) were
substantially lower than those in the H20:
group (86.5 nmol/ml) but not different from
H202+walnut oil group (45.1 nmol/ml). After
14 days, MDA levels in the Control group
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(25.0 nmol/ml) were considerably lower than
in the H202 group (139.0 nmol/ml) and the
H202 + walnut oil group (38.4 nmol/ml).

Table 2: Least Square Means (LSMeans) of
Total Antioxidant Capacity (TAC) levels
(U/ml) showing the interaction effects
between treatment groups and time periods
with Tukey’s HSD multiple comparisons.

Time | Treatment | LSMeans SE Signi.
(days) (TAC U/ml) (Tukey)
3 Control 16.0 +1.0 a
3 H-0- 12.4 +1.0 b
3 H20- + 14.2 +1.0 ab

walnut oil
7 Control 16.4 +2.0 a
7 H20: 10.5 +3.0 c
7 H:0: + 15.1 +1.0 ab
walnut il
14 | Control 19.0 +2.0 a
14 | H20- 6.0 +1.0 d
14 | H.0: + 15.4 +2.0 ab
walnut il

Note: Different letters indicate statistically

significant differences at P< 0.05 according to
Tukey's HSD.

MDA levels differed significantly between
time periods in all treatment groups. MDA
levels in the Control group declined from
30.0 nmol/ml after 3 days to 25.0 nmol/ml
after 14 days. MDA levels in the H20- group
increased from 50.4 nmol/ml after 3 days to
139.0 nmol/ml after 14 days. MDA levels in
the H.O> + walnut oil group fluctuated from
45.2 nmol/ml after 3 days to 38.4 nmol/ml
after 14 days. (Table 2).
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Table 3: levels of MDA nmol/ml between periods and treatment groups.

reatments Control H.0- group H,0,+ walnut oil
periods (walnut oil)
3 days 30.0 +3.0 bc 50.4+1.0 a 45.2+3.3a
7 days 28.4 +2.0 bc 86.5+3.0 acA 45.1+1.0ab
14 days 25+2.0bc A 139+4.0 ac AB 38.4+.0ab AB

A: The output is significantly different from the control group. B: The output is significantly different
from the H 2 O 2 group. C: The output is significantly different from the H 2 O 2 + walnut oil group.
Upper case letters indicate the differences between the periods within the same treatment group. A: Itis

significantly different from day 3. B: It is significantly different from day 7.

In Table (4), A two-way ANOVA was used
to analyze the interaction effects between
treatment groups and time periods on
malondialdehyde (MDA) levels, a marker
of lipid peroxidation and oxidative stress.
The results indicated a significant
interaction between treatment and time
(P<0.05), suggesting that the influence of
treatment on MDA levels changed over the
course of the experiment.

Post hoc comparisons using Tukey’s
Honest Significant Difference (HSD) test
were applied to the Least Square Means
(LSMeans). At each time point, the H20--
treated group showed significantly elevated
MDA levels compared to the control group
and the H.O: + walnut oil group (p < 0.05).
This elevation was most pronounced on day
14, where the H20: group reached 139.0 +

4.0 nmol/ml, highlighting the progressive
oxidative damage over time.

Conversely, the group receiving both H20:
and walnut oil exhibited significantly lower
MDA levels than the H.02-only group at all
time points, indicating a protective effect of
walnut oil. Within-group comparisons over
time (denoted by uppercase letters A and B)
further showed that MDA levels increased
significantly in the H.O: group between
days 3 and 14, emphasizing the cumulative
oxidative stress in untreated animals.

These findings demonstrate that both
treatment and time significantly affected
MDA levels, and their interaction was
substantial. The inclusion of walnut oil
markedly attenuated the H20--induced
oxidative stress, supporting its potential
antioxidant role.

Table 4: Least Square Means (LSMeans) of Malondialdehyde (MDA) levels (nmol/ml)
showing the interaction effects between treatment groups and time periods with Tukey’s HSD
multiple comparisons.

Time Control H:O: H:0:

Period (walnut oil) group + walnut oil

3 days 30.0+ 3.0 bc 504+10a 452+33a

7 days 28.4£2.0 bc 86.5+3.0ac A 451+1.0ab

14 days 25.0+2.0bc A 139.0+ 4.0 ac AB 384+1.0ab AB

o Different lowercase letters (a, b, ¢) indicate significant differences between treatments within
the same time period (Tukey’s HSD, p < 0.05).

o Different uppercase letters (A, B) indicate significant differences between time periods within
the same treatment group.

e LSMeans were calculated using two-way ANOVA with Tukey’s post hoc test to explore
interaction effects between time and treatment.
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Histopathological Finding

The photomicrographs depict histological
sections of rat submandibular salivary glands
from different experimental groups. The
control group (G1) at 3, 7, and 14 days,
showed a normal architecture of mucous
acini, convoluted granular tubule and the
striated ducts (Figure 1). At higher magnifi-
cations, the consistent normalcy appeared in
glandular structures over the specified time
periods (Al-Taee and Saeed, 2023).

#9094} et : P

In contrast, Figure (2) illustrates the effects
on the salivary gland in the experimental
group G2. The images revealed necrosis of
striated ducts, degeneration of the granular
tubules and mucous acini cells, along with
congestion of blood vessels and increased
fibrous tissue. These pathological changes are
observed, indicating a significant alteration in
glandular architecture.

R

Figure 1: rat submandibular salivary gland of G1. A&B: 3 days, C&D: 7 days, E&F: 14 days showing
normal architecture of mucous acini (A), convoluted granular tubules (B) and the striated ducts (C).
H&E stain, (upper panel: 100X; lower panel: 400X).

Figure 2: rat submandibular salivary gland of G2. A&B: 3 days: showing the necrosis of the striated
duct (A), convoluted granular tubules (B) and the mucous acini (C) edema surround the striated ducts
(D). C&D: 7 days: showing degeneration of the convoluted granular tubules (A) and the mucous acini
cell (B) with the congestion of the blood vessels (C). E: (14 days) increase the fibrous tissue surrounded
interlobular duct (A) and the congestion of the blood vessels (B). F: (14 days) decreasing numbers of
the convoluted granular tubules (A), increasing the fibrous tissue surrounded interlobular duct (B) and
congestion of the blood vessels. H&Estain (upper panel: 100X; lower panel: 400X).
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Figure (3) depict the impact on the salivary
gland in the G3 group over 3, 7, and 14
days. The photomicrographs reveal a
normal structure of gland tissue suggesting

return to normal condition particularly at 14
days, further highlighting the deteriorating
condition of the submandibular salivary
gland.

Figure 3: rat submandibular salivary gland of G3. A&B: 3 days, C&D: 7 days: showing mild vacuolar
degeneration of cells lining the mucous acini (A), and the granular convoluted tubule (B) hemorrhage
(C). showing mild increase fibrous tissue in the capsule (A), mild necrosis of the cells lining mucous
acini (B) and granular convoluted tubules (C). E: (14 days): showing mild increase fibrous tissue in the
capsule (A), mild necrosis of the cells lining mucous acini (B) and granular convoluted tubules (C). F:
(14 days): vacuolar degeneration (A) and necrosis (B) of the cells lining mucous acini and striated ducts
(C). H&E stain (upper panel: 100X; lower panel: 400X).

DISCUSSION

The relationship between treatment and time
in this study is visible, especially in the H20>
and walnut oil groups, where TAC levels
increased in (7 and 14 days). This group
showed that walnut oil has a positive effect as
antioxidant capacity. The H202 group
consistently demonstrated greater oxidative
stress, as evidenced by decreased TAC and
higher MDA levels. TAC and MDA levels
changed significantly over time as well,
showing different reactions to therapy.

The histological changes of submandibular
salivary gland of the rats treated with
different groups (G1, G2, and G3) provides
insight into the impact of the walnut oil on
reducing the oxidative injury induced by
hydrogen peroxide (H202) in drinking water
on the glandular structure over time,
particularly after 14 days of Transaction.

Walnuts oil contains many antioxidants, such
as the presence of tocopherol (a minor
component of walnut oil), squalene (an
unsaturated triterpenoid), and phytosterol (4-
methylsterol). The polyphenols present in
walnut oil contain a wide range of phenolic
compounds such as tannins, which they can
be divided into hydrolytic tannins to esters,
condensed tannins to flavones or proantho-
cyanidins, and polyphenols secondary to
natural phenols such as catechin, ursolic acid,
ellagic acid, gallic acid, and anthocyanins
(Gao et al., 2019a; Gao et al., 2019b). In
addition, natural antioxidants found in walnut
oil include vitamins C, E, and alpha-linolenic
acid. These compounds help to improve the
body's oxidative state and combat oxidative
stress induced by internal or external sources
(Rébufa et al., 2022).

The increase in antioxidants, on the other
hand, will work to reduce oxidants, such as
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lipid peroxidation, which is formed because
of the accumulation of free radicals that
attack and destroy the cell membrane, as well
as the destruction of proteins and fats in the
cells, which influences the increase in
malondialdehyde (Fregapane et al., 2019).
This condition develops as a result of
exposure to oxidizing compounds such as
hydrogen peroxide in drinking water resulted
in oxidative stress (Demirci-Cekic et al.,
2022; Al-Abdaly, 2023).

The use of antioxidant-rich walnut oil has
demonstrated a decrease in the level of MDA
in the third group treated with both walnut oil
and water containing H2O., despite the
walnut oil group demonstrating a significant
increase in the level of TAC after 7 to 14 days
of treatment.

The histopathological abnormalities seen in
G2 were consistent with the biochemical
changes, indicating that the presence of
hydrogen peroxide in drinking water causes
gradual and severe pathological changes in
submandibular salivary gland of rats over
time. Because hydrogen peroxide is a strong
oxidizing substance that causes a wave of free
radicals in the body, which begin to attack
cell membranes, proteins, and fats (Madkour,
2019; Al-Jammas et al., 2024).

Causing a defect in cell membrane and
exposing the cell to degeneration and
necrosis, presence of vacuolar degeneration,
necrosis, and an increase in fibrous tissue
indicates the occurrence of major tissue
damage, especially after a period of 7-14 days
of treatment.

G1  histological data show that the
submandibular salivary glands of rat retain
their normal shape during the periods
investigated. Furthermore, the group treated
with walnut oil in the presence of hydrogen
peroxide in drinking water experienced an
improvement in histological alterations,
particularly after 14 days of treatment, as the
tissues reverted to nearly normal after 14 days
of therapy when compared to the other
periods. It is clear from the above that walnut

oil has an antioxidant capacity, in addition to
its high nutritional value (Gao et al., 2019).

The presence of antioxidants such as vitamin
A and polyphenol enables walnut oil to
provide protection for cells from oxidative
damage (Akbari et al., 2022; Saeed et al.,
2023).

The presence of ellagitannins in walnut oil
makes it an anti-inflammatory substance, as it
limits the production of enzymes that help in
the development of inflammation, such as
cyclooxygenase, tumor necrosis factor,
interleukins, and nitric oxide (Ni et al., 2022;
Fan et al., 2023; Nguyen and Vu, 2023)

The presence of some flavonoids and
polyphenols in walnut oil makes it an
antioxidant and protects against oxidative

stress (Grajzer et al., 2020; Alnuimi and
Alabdaly, 2022).
These chemicals function as natural

antioxidants and help to keep the antioxidant
state. In addition to everything mentioned
previously, walnuts contain alpha-linolenic
acid and linoleic acid, which are one of the
substances that have effective antioxidant
effects (Tomer et al., 2020; Abdulrazag and
Alabdaly, 2023).

CONCLUSION
The findings indicate that walnut oil may

protect against oxidative stress by modifying
antioxidant capacity and lipid peroxidation

levels, as well as lowering hydrogen
peroxide-induced histopathological
alterations.
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