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Background: Diazinon (DZN), an organophosphate insecticide, exerts various adverse effects on human organs. In this
study, we investigated the potential cardiotoxic effects of flaxseed oil (FS oil) on oxidative stress caused by DZN in the
heart tissue of rats.

Methods: Thirty male rats were divided into five groups: a control group receiving normal saline, an FS oil group
administered 200 mg/kg/d of F'S 0il, a DZN group treated with 70 mg/kg/d of DZN, and two co-treatment groups receiving
DZN alongside FS oil at 100 and 200 mg/kg/d. We assessed oxidative stress biomarkers in heart tissue, including
malondialdehyde, total oxidant status, catalase, superoxide dismutase, and total thiol content. Heart tissue morphology
was analyzed using hematoxylin and eosin staining.

Results: DZN significantly increased the levels of malondialdehyde (12.04%1.16) and total oxidant status (0.43+0.01) and
also decreased the content of catalase (23.09+1.99), superoxide dismutase (5.52+0.61), and total thiol content (6.31+0.77)
in heart tissue. FS-0il + DZN decreased malondialdehyde (10.88+0.31) and total oxidant status (0.41+0.01) and also
increased the content of catalase (29.34+1.77), superoxide dismutase (6.64%0.21), and total thiol content (8.20+0.15) in
heart tissue. FS oil supplement consumption reversed oxidative stress status in a dose-dependent manner. Furthermore,
FS oil ameliorated heart histopathological alterations induced by DZN.

Conclusion: Our findings confirmed that DZN induced heart toxicity and that FS oil had protective effects. Additionally,
FS oil supplementation conferred protective effects on the heart against toxicity induced by DZN.
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Introduction organophosphate pesticide across the world to control
insects in vegetables, fruits, and crops, domestic animals,
Diazinon (DZN) is well known as a high-consumption  and agriculture. Long-term exposure to pesticide residues
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can lead to environmental pollution and acute and chronic
toxicity in different tissues of humans and animals.'" The
main mechanism of DZN toxicity in different tissues can
occur through the inhibition of the acetylcholinesterase
enzyme. Other mechanisms reported in various studies
include toxicity in the reproductive, urinary, hepatic, and
nervous systems, and also hematological and biochemical
changes.? In addition to kidney and liver tissues, exposure to
DZN in other vital tissues such as the heart, lungs, and brain
can induce health risks by oxidative stress production.’

Various studies have shown that DZN can increase the
generation of reactive oxygen species (ROS), disturb the
pro-oxidant and antioxidant balance, and result in oxidative
stress toxicity in various tissues (Rahbari A, Nazem H,
Fazilati M, Mehri F. Protective effect of resveratrol against
sub-acute diazinon-induced oxidative stress in rat kidney.
Koomesh 2021;23:794-800). Oxidative stress exerts
destructive and harmful effects on the function of the heart,
lungs, and brain, including neurotoxicity, paralysis, filtration
system disruption, and blood pressure changes, by inducing
apoptosis and necrosis and altering the expressions of various
genes.* > The administration of antioxidants was confirmed
to be useful in protecting the heart, lungs, and brain from
oxidative damage induced by organophosphate.

Flaxseed (FS), also known as linseed, is a significant
source of plant lignans from the Linaceae family and
contains natural antioxidants in the form of flavonoids. It
has various applications in the production of essential oils.
Flaxseed (FS) is a rich source of oil, fiber, protein, moisture,
ash, and essential fatty acids, particularly a-linolenic acid
and omega-3 fatty acids. It also contains various lignans,
including secoisolariciresinol diglucoside, matairesinol,
isolariciresinol, and pinoresinol. Additionally, flaxseed
exhibits protective effects against oxidative damage through
its antibacterial, antifungal, antiviral, and antioxidant
activities. Consequently, it has become a focal point in diet
and disease research due to its numerous health benefits.

Diverse studies have indicated that the omega-3 fatty acids
composition of FS oil has immunomodulatory, antidiabetic,
and cardioprotective effects.” ® FS oil has been reported
to possess probiotic properties, suggesting its potential
application in treating heart disease, neurological and
hormonal disorders, and cancer.” '© Experimental studies
indicate that FS oil may protect against toxicity induced by
organophosphate pesticides, demonstrating its protective
effects across various tissues.

This study aimed to assess the toxicity effects of DZN
induced by oxidative stress on heart tissues and evaluate the
protective effects of FS oil in a rat model.

Methods

DZN (Merck Co, 99% purity) was purchased from
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the Agricultural Research, Education, and Development
Organization (AREDO) (Tehran, Iran). FS oil capsules were
prepared by Barij Essence Pharmaceutical Company, [ran. All
reagents and chemicals used in this study were of analytical
grade and sourced from Sigma-Aldrich (USA). Thirty
Wistar rats, weighing between 150 to 200 g, were obtained
from the Animal Care Center at Hamadan University of
Medical Sciences. The rats were housed in plastic cages at a
controlled temperature of 21 to 23 °C, provided with standard
food pellets and water ad libitum, and were quarantined for
4 weeks. All ethical guidelines were adhered to, as approved
by specialists at Hamadan University of Medical Sciences
(code No. 140104282930). The optimum dose of DZN used
in the study was 70 mg/kg, which corresponds to one-fifth
of its estimated LD50 of 350 mg/kg, as indicated in previous
research.'’ > The animals were monitored daily for weight
changes, food and water intake, signs of abnormalities, and
mortality across different groups. DZN was dissolved in corn
oil, while FS oil was dissolved in water. Both substances
were administered orally by gavage for 4 weeks, with the
control group receiving an equivalent volume of the vehicle.
The rats were randomly allocated into 5 groups (n=6
each): 1) the control group, which received normal saline; 2)
the DZN group, which received DZN at a dose of 70 mg/kg,
administered orally; 3) the FS oil group, which received FS
oil at a dose of 200 mg/kg, administered orally; 4) the DZN +
FS oil group, which received a combination of 100 mg/kg FS
oil and 70 mg/kg DZN, administered orally; and 5) the DZN
+ FS oil 200 mg/kg group, which received a combination of
200 mg/kg FS oil and 70 mg/kg DZN, administered orally.
Twenty-four hours after the final dose, the rats were
anesthetized using a ketamine/xylazine mixture (8:1,
intraperitoneally).”* The heart tissues from each rat were
carefully excised and rinsed in a cold phosphate-buffered
saline solution (pH=7.4). Fragments of the tissues were
stored at —80 °C for subsequent evaluation of oxidative
stress markers, while others were fixed in formalin for
histological assessment. Protein content in the various
samples was measured using the Bradford method with the
Coomassie blue reagent.'* Lipid peroxidation levels were
assessed by measuring malondialdehyde (MDA), the end
product of lipid peroxidation. This analysis was conducted
according to protocols established in our previous studies,
where a red-colored complex is formed through the reaction
of MDA with thiobarbituric acid, as set up in the laboratory. '’
The absorbance was measured at 532 nm, and the results
were expressed as nmol of MDA per mg of protein. A
colorimetric technique using DTNB (2,2-dithionitrobenzoic
acid) was employed to assess the total thiol content in
heart tissue. This reagent reacts with sulfhydryl groups to
form a yellow-colored complex, which exhibits maximum
absorption at a wavelength of 412 nm. The procedure was
conducted following the methodologies established in our
group’s previous studies.'® The findings were expressed as
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nmol/mg of protein. Levels of superoxide dismutase (SOD),
total oxidant status (TOS), and catalase (CAT) in heart
tissues were determined using an assay kit, following the
manufacturer’s instructions (Carmona Pars Gene, Kerman,
Iran). Immediately after the heart tissue was separated, all
samples were immersed in a 10% neutral buffered solution for
proper fixation. The tissues were then embedded in paraffin
and sectioned into 5-pum thick slices, which were stained
with hematoxylin and eosin. After staining, the sections were
photographed using a digital camera (Nikon E800, Japan)
connected to a microscope. Histological changes in each
group were assessed by analyzing 5 serial coronal sections
at 400x magnification.!” The SPSS-20 software was utilized
for statistical analysis of the data. Findings were reported as
mean + standard error. The Shapiro—Wilk test was conducted
to assess the normality of the data distribution in each group,
followed by the Tukey post hoc test to determine mean
differences between experimental groups. A P value of less
than 0.05 was considered statistically significant.

Results

The MDA level in heart tissue samples significantly
increased in the DZN group compared with the control group
(P<0.012). Treatment with DZN combined with FS oil at a
dose of 200 mg/kg resulted in a significant decrease in heart
MDA levels compared with the DZN group (P<0.053).
Additionally, administration of FS oil at 100 mg/kg reduced
MDA levels, although these changes were not statistically
significant. These findings are illustrated in Figure 1 and
summarized in Table 1.

As shown in Figure 2 and Table 1, a more significant
increase was shown in the TOS level in the heart tissues of
the DZN group compared with the control group (P<0.051).
However, TOS levels in heart tissues were lower in the DZN
+FS 0il (200 mg/kg) group than in the DZN group (P<0.050).
While TOS levels in heart tissues were lower, these changes
did not constitute statistical significance. Figure 3 and Table
1 demonstrate that total antioxidant capacity (TAC) in the
DZN group was significantly lower than that in the control
group (P<0.001). Nonetheless, FS oil remarkably increased
the TAC level compared with the DZN group. In the DZN
+ FS oil (200 and 100 mg/kg) groups, the TAC level was

higher than that in the DZN group, but the difference was
not statistically significant. Total thiol content was measured
in the heart tissues of rats treated with DZN (Figure 4 and
Table 1). In the DZN group, total thiol content was lower
than that in the control group (P<0.001); nevertheless, FS
oil administration after DZN treatment proved to reverse the
DZN-induced alterations in total thiol content. Based on the
results, total thiol content rose significantly (£<0.010) with
the administration of high-dose FS oil.
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Figure 1. The image illustrates the effects of flaxseed oil (FS-o0il) on MDA
levels in the heart tissues of rats treated with diazinon (DZN). The data are
reported as mean=SEM (n=5).

“P<0.05, ™ P<0.01, and " P<0.001 compared with the control group
#P<0.05, # P<0.01, and ** P<0.001 compared with the DZN group

According to Figure 5 and Table 1, a significant
(P<0.001) reduction in SOD activity in heart tissue was
observed in DZN-exposed animals compared with the
control group. In contrast, SOD activity was enhanced
significantly (P<0.001) in animals that received DZN
+ FS oil (200 mg/kg) compared with the DZN group.
Furthermore, SOD activity in the heart tissues of rats
treated with FS oil (100 mg/kg) in a dose-dependent
manner rose significantly (P<0.050) compared with the
DZN group. As illustrated in Figure 6, histopathological
analysis of heart tissue revealed that the group receiving
FS oil exhibited myofiber alignment with oval, bright

Table 1. Effects of flaxseed oil (FS-oil) on stress biomarker levels in the heart tissues of rats treated with diazinon (DZN)

Control DZN FS-oil FS-0il 200+ DZN  FS-oil 100+ DZN P
MD 9.53+0.81 12.04+1.16 9.82+0.60 10.88+0.31 12.18+0.35 <0.001
TOS 0.27+0.01 0.43+0.01 0.28+0.01 0.41+0.01 0.42+0.01 <0.001
CAT 36.42+0.93 23.09+1.99 37.44+2.41 29.34+1.77 24.57+1.52 <0.001
Thiol 11.04+0.92 6.31+0.77 11.38+0.32 8.20+0.15 7.26£0.11 <0.001
SOD 8.93+0.52 5.52+0.61 9.17+0.23 6.64+0.21 6.08+0.61 <0.001

Data are indicated as the mean +standard deviation of 5 separate animals in each group.
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central nuclei, similar to the control group. In contrast, the
DZN group displayed significant abnormalities, including
irregular myofibril arrangement, rupture of the myofibril
membrane, acidification of the sarcoplasm, displacement
and darkening of myofiber cores, congestion, and bleeding.
The increased number of fibroblasts observed suggests the
presence of fibrosis in the heart tissue.

Administration of FS oil at different doses significantly

TOS (nmol/mg pr)

Figure 2. The image depicts the effects of flaxseed oil (FS-oil) on TOS levels
in the heart tissues of rats treated with diazinon (DZN). The data are reported
based on Mean+SEM (n=5).

“P<0.05, ""P<0.01, and ""P<0.001 compared with the control group

#P<0.05, #P<0.01, and #*P<0.001 compared with DZN group
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Figure 3. The image illustrates the effects of flaxseed oil (FS-oil) on CAT
levels in the heart tissues of rats treated with diazinon (DZN). The data are
reported as mean+SEM (n=5).

“P<0.05, “P<0.01, and ""P<0.001 compared with the control group

“P<0.05, *#P<0.01, and **P<0.001 compared with DZN group

reduced the irregularity of myofibers, acidification of the
sarcoplasm, and other pathological conditions in heart
tissues. However, in the group receiving the higher dose of
FS oil, an increase in blood presence within the heart tissue
was observed.
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Figure 4. The image depicts the effects of flaxseed oil (FS-oil) on thiol levels
in the heart tissues of rats treated with diazinon (DZN). The data are reported
as meantSEM (n=5).

“P<0.05, "P<0.01, and ""P<0.001 compared with the control group

“P<0.05, #P<0.01, and **P<0.001 compared with the DZN group

SOD activity (U/mg pr)

Figure 5. The image demonstrates the effects of flaxseed oil (FS-oil) on SOD
levels in the heart tissues of rats treated with diazinon (DZN). The data are
reported as mean+SEM (n=5).

“P<0.05, "P<0.01, and ""P<0.001 compared with the control group

“P<0.05, #P<0.01, and “*P<0.001 compared with the DZN group
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Figure 6. The images depict the effect of flaxseed oil on the hlstopatholog1ca1 changes in the heart.
Control group (A), flaxseed oil (B), DZN (C), diazinon + flaxseed oil (100 mg/kg) (D), diazinon + flaxseed oil (200 mg/kg) (E) magnification 1000 x, scale bar=20um
The black arrow shows the healthy core of myofibers, and the yellow arrow shows the compression of the core of myofibers.

Discussion

The current study aimed to evaluate the protective effects
of FS oil against DZN-induced heart toxicity, focusing
on morphological damage and oxidative stress. Results
indicated that DZN significantly increased oxidative stress
in heart tissue. As anticipated, co-treatment with FS oil at
doses of 100 mg/kg and 200 mg/kg reduced heart toxicity in
a dose-dependent manner. The mechanism underlying DZN-
induced heart injury is complex. While the primary mode
of toxicity is the inhibition of the cholinesterase enzyme,
numerous studies suggest that oxidative stress and the
production of free radicals also play critical roles in DZN
toxicity.!® Y In stressful situations and the presence of various
toxic substances, the balance between antioxidants and ROS
is often disrupted. This imbalance can lead to increased
ROS production, which can attack sensitive biomolecules,
resulting in lipid peroxidation, protein damage, and DNA
alterations. Consequently, this oxidative stress can decrease
the activity of crucial antioxidant enzymes such as SOD,
CAT, and glutathione peroxidase (GPX) in the body.** !

During the Fenton reaction, the presence of superoxide
anions (O:7) and iron can generate numerous hydroxyl
radicals in the body.”? These free radicals interact with
the lipid structure of the cell membrane and activate the
generation of aldehydes such as MDA, which is an important
marker of lipid peroxidation.”* We found that DZN increased
MDA and TOS levels, while FS oil administration reduced
the levels of these biomarkers, indicating a protective
effect against heart injury. These results align with findings
from other studies regarding various toxicities induced by

organophosphate pesticides.

Razavi et al”’ reported DZN-induced cardiotoxicity as a
result of elevated MDA levels in sub-chronic exposure.
In our previous study, we detected DZN-induced toxicity
subsequent to increased TOS and MDA levels in the kidneys
of animals.® Regarding the protective effects of FS oil,
Chavan et al*® indicated that FS oil, given its richness in
omega-3 fatty acids, had a hepatoprotective effect on DZN-
induced toxicity. Hendawi et al® concluded that FS had
antioxidant activity, as it reversed the effect of thiacloprid on
MDA levels. According to our findings, DZN intoxication
induced oxidative stress as evidenced by depleted
antioxidant defenses (eg, TAC, TTG, and SOD activity),
accumulated free radicals, and exhausted antioxidant
agents in the body. These observations are in agreement
with previously reported findings. For instance, Esfahani et
al® and El-Shenawy et al® presented different antioxidant
enzyme activities, such as CAT, TTG, and TAC, as the first
line of defense against oxidative stress reduced in liver and
kidney tissue treated with DZN. Likewise, Messarah et al*
concluded that DZN could mitigate antioxidant systems,
including TAC, GPX, and CAT, in multiple organs. The
mechanism of action related to the SOD enzyme involves
the conversion of superoxide anions (O2") to oxygen (Ox2)
and hydrogen peroxide (H20:), which can subsequently
be detoxified to water and oxygen by the CAT enzyme.!
Furthermore, oxidative damage can result in high sensitivity
of protein thiols (P-SH).>> On the other hand, it was found
that FS oil remarkably elevated the activities of SOD, total
thiol content, and TAC enzymes in animals administered
with DZN. It is recommended that the protective effects
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of FS oil on heart tissue be mediated by phytoestrogenic
lignans and omega-3 essential fatty acids, which, through
free radical scavenging and singlet oxygen quenching, can
prevent lipid peroxidation of the cell membrane and enzyme
leakage.* Our results chime with the findings of Nagshbandi
et al,* who reported FS oil had cardiac protection effects by
increasing the activities of SOD, CAT, and GPX. Yang et al*
concluded that FS oil could preserve glutathione levels in
erythrocytes at high glucose levels.

These findings, supported by histopathological
examinations of the heart tissue, show irregularity in the
arrangement and rupture of the myofibril membrane,
acidification of the sarcoplasm, darkening of the myofiber
core, and an increase in the number of fibroblasts, indicating
fibrosis in heart tissue due to exposure to DZN. It is worth
mentioning that the toxic effects of DZN were mitigated
by co-administration of FS oil, which may be attributed to
the antioxidant protective effects of this combination on
the cardiac cell membrane. These results were confirmed
by Hana et al,’” who showed that FS oil co-administration
reduced histotoxicity in heart tissue.

Conclusion

Our study indicated the potentially hazardous effects of
DZN toxicity in the heart tissue of rats. FS oil ameliorates
oxidative stress induced by DZN by scavenging ROS,
inhibiting the production of lipid peroxidation, and promoting
the development of antioxidant enzymes.

This study had some limitations that should be considered
in future research. For DZN-induced heart injury, it should
be reported that other possible routes of toxicity exist. More
studies could explore the molecular mechanisms involved
in the anti-inflammatory and antioxidant effects of FS oil
against heart injuries induced by DZN.

Indubitably, further research can provide new insights into
the clinical management of DZN-induced heart injuries.
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