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via a desulfurization reaction and active oxon metabolite 

formation, diazoxon in liver microsomes (Abdel-Daim et al. 

 2016 ; Ellison et al.  2012 ). This metabolite has more toxic 

eff ect than DZN. Although acetylcholinesterase inhibition is 

a major toxic eff ect of DZN, several studies indicated oxida-

tive damage via free radical production, lipid peroxidation, 

antioxidant depletion and oxidative damage to DNA (Hariri 

et al.  2010 ; Mehri, et al.  2022 ; Zhao et al.  2020 ). 

 Therefore, inhibition of oxidative stress may be as one of 

the therapeutic choices against DZN-induced hepatotoxicity. 

 Flaxseed oil is one of the vegetable oils that contain pro-

tein, lignin, oil, vitamin, soluble fi ber, mineral,omega-3 fatty 

acids, especially alpha-linolenic acid (ALA) (Cunnane et al. 

 1993 ). Earlier, fl axseed oils are used for industrial purposes 

e.g. production of paints, cosmetics, linoleum, inks and 

varnishes. Due to its nutritional and pharmaceutical values 

fl axseed is widely used in functional foods (Yasmeen et al. 

 2018 ). 

 Diff erent studies show that the risk of mental disorder, 

cardiovascular disease can be reduced by ingestion of fl ax-

seed oil (Martinchik et al.  2012 ). The reason of this is, dur-

ing metabolization in intestine ALA can be converted into 

docosahexaenoic acid (DHA) and eicosapentaenoic acid 

(Morris and Vaisey-Genser  2003 ). Flaxceed oil has vari-

ous health advantages including anti-infl ammatory (Guarda 

et al.  2016 ) and antioxidant properties (Kumar et al.  2018 ). 

The antioxidant properties are documented by elevation of 

antioxidant enzymes activity such as cathalase (CAT), super-

oxide dismutase (SOD), and glutathione (GSH) (Mirfatahi 

et al.  2016 ). Also this compound via free radical scaven-

ger mechanisms can suppress oxidative stress (Pilar et al. 

 2017 ). Experimental evidence confi rmed the protective role 

of Flaxceed oil against toxicity induced by OP pesticides 

(Mirfatahi et al.  2016 ; Naqshbandi et al.  2012 ; Yang et al. 

 2012 ). 

 Therefore, considering the toxic eff ects of DZN and the 

protective eff ects of fl axseed oil, we investigated the proba-

bilistic protective eff ect of fl axseed oil on sub-acute DZN 

induced hepatotoxicity in male rats. 

    Materials and methods 

   Chemicals 

 DZN (Merck Co., 99% purity) was supplied by Agricul-

tural Research, Education and Development Organiza-

tion (AREDO). Flaxseed oil capsule were purchased from 

Barije Essence Pharmaceutical Co. Iran. The oxidative stress 

marker (MDA) and ant oxidative stress markers (TAC, CAT, 

TTG) was measured according to kiazist kits (KSMDA84, 

KSTAC96, KCAT96, and KTTG98 respectively, Tehran, 

Iran). The liver function tests including ALT, AST and ALP 

were assessed according to manufacturing protocol (PARS 

AZMON.1400018). Other chemicals were supplied with 

best analytical grade. 

    Animals 

 Totally 25 adult male Wistar rats (weighing 180 − 200 g) 

with the age of 4 weeks were obtained from Animal Care 

Center, Hamadan University of Medical Sciences. Animals 

housed at room temperature (23 ± 2 °C), with a 12/12 h 

light/dark cycle and quarantined for 1 week. The study was 

approved by Hamadan University of Medical Sciences (IR.

UMSHA.REC.1401.304). 

    Experimental design 

 Animals were randomly divided into fi ve equal groups (5 

rats/group) as follow: 

 Control group; rats received orally 1 ml normal saline 

orally, fl axseed oil group; rats received orally fl axceed oil 

200 mg/kg/day. DZN group; rats received DZN 70 mg/kg/

day orally; DZN plus fl axseed oil (100 mg/kg) group; rats 

received DZN 70 mg/kg/day and fl axceed oil 100 mg/kg/

day; and DZN plus fl axseed oil (200 mg/kg) group; rats 

received DZN 70 mg/kg/day and fl axceed oil 200 mg/kg/

day DZN and fl axseed oil were administrated via orally gav-

age once a day for 28 days. Diazinon 70 mg/kg was found 

as the optimum dose that is equal to1/5 of its LD50 as cal-

culated 350 mg/kg based on previous studies (Mehri et al. 

 2022 ; Kamali et al.  2020 ). Mice were monitored day by day 

for weight of the animals or food/water intake, incidence of 

signs of abnormalities and mortality. 

    Serum collection 

 Animals were anesthetized using ketamine/xylazine (8:1, 

i.p.) (Makhdoomi et al.  2022 ). After intracardiac blood 

sampling, samples were centrifuged (3000 g, 10 min) and 

serum was stored at − 20 °C until analysis. The liver from 

each rat were removed, washed in cold buff er solution (PBS, 

pH = 7.4). Liver tissue fragments either stored at − 80 for 

liver oxidative stress markers evaluation or fi xed in formalin 

at room temperature for histological assessment. 

    Tissue preparation 

 Liver tissues (1  gr) were homogenized in 2ml of PBS 

(pH = 7.4). Following centrifugation (10,000 g for 15 min 

at 4 °C), resultant supernatant was stored at − 80 °C for 

MDA, TAC, TTG and CAT assessment (Firouzian et al. 

 2019 ). Bradford method was applied for protein concentra-

tion evaluation (Bradford  1976  ).  
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    The analysis of oxidative and ant oxidative stress 
markers in serum and liver 

 Serum and liver level of MDA, TAC, TTG and CAT were 

measured by available kiazist kits. MDA, as end product 

of lipid peroxidation and an oxidative stress marker, was 

determined via dithiobarbituric acid (TBA) and absorbance 

measurement at 532 nm. TAC level was analyzed based on 

reduction of  Fe 3+  to  Fe 2+  in the presence of TPTZ (Tripyri-

dyl-s-triazin) and blue color complex formation. The absorp-

tion of this complex was measured at 593 nm, and results 

were expressed as nmol/mg (protein) and nmol/ml (serum). 

The CAT activity was assessed based on the disappearance 

of H2O2 at 240 nm The CAT levels were reported as U/

mg (protein) and nmol/ml (serum). Serum and tissue level 

of TTG were measured by dithionitrobenzoic acid (DTNB) 

as a reagent. The reaction between DTNB and thiol func-

tional groups caused a yellow compound. The absorption 

was measured at 412 nm, TTG levels were reported as µmol/

mg (protein) and mmol/ml (serum). 

    Histological studies 

 Histopathological evaluations of the liver were performed on 

liver tissue. The samples were fi xed in 10% buff er formalin, 

embedded in paraffi  n, and then cut into a 5�§μm thick and 

subsequently, stained with hematoxylin and eosin (H&E). 

The slides were examined and analyzed by a pathologist 

using an optical microscope (CX41-Olympus) equipped with 

a digital camera. 

    Statistical analysis 

 The SPSS-20 software was used for data analyzing. The one 

sample Kolmogrove Smirnov test was used for normality 

distribution of data in each group. One-way analysis of vari-

ance (ANOVA) and Bonferroni Post-Hoc test were applied 

to determine the mean diff erence between experimental 

groups. Data were described as mean ± standard error. 

p < 0.05 was considered statistically signifi cant. 

     Results 

   Eff ect of fl axseed oil on serum and Liver enzymes 

 As shown in Fig.  1 , DZN signifi cantly (p < 0.001) increased 

the serum ALT, AST, and ALP level as compared to con-

trol group. After the administration of fl axseed oil (100 mg/

kg), the serum level of ALT, AST, and ALP signifi cantly 

reduced in comparison with the DZN group (p < 0.05). The 

serum ALT level signifi cantly decreased due to fl axseed 

oil (200 mg/kg) as compared to the DZN group (p < 0.001) 

(Fig.   1 A). Also, flaxseed oil (100 mg/kg) significantly 

decrease the serum level of AST (p < 0.01) (Fig.  1 B), and 

ALP compared to the DZN group (p < 0.01) (Fig.  1 C).         

    Oxidative stress status 

   Eff ect of fl axseed oil on the serum and liver MDA levels 

 The MDA level of the serum and liver samples signifi cantly 

(p < 0.05, p < 0.01, respectively) increased in the DZN group 

compared to the control group. Flaxseed oil (200 mg/kg) 

treatment signifi cantly (p < 0.05) decreased the serum MDA 

level as compared to the DZN group (Fig.   2 A). In this 

regard, the administration of fl axseed oil (100 and 200 mg/

kg) signifi cantly (p < 0.05, p < 0.01, respectively) reduced 

the liver MDA levels, compared to the DZN group (Fig.  2 B).         

    Eff ect of fl axseed oil on the serum and liver TAC levels 

 Figure  3  displays that the serum and liver TAC levels in the 

DZN group were signifi cantly (p < 0.001, p < 0.01, respec-

tively) lower in comparison with the control group. However, 

fl axseed oil (100 mg/kg) was able remarkably (p < 0.05) to 

increase the serum and liver TAC levels compared to the 

DZN group. Treatment with fl axseed oil (200 mg/kg) led to 

a signifi cant enhancement in the serum (p < 0.01) and liver 

(p < 0.05) TAC levels in comparison to the DZN group.         

    Eff ect of fl axseed oil on the serum and liver TTG levels 

 There is seen to be a signifi cant reduction in the serum and 

liver TTG levels in the DZN group compared to the con-

trol group (p < 0.01, p < 0.001, respectively). Flaxseed oil 

(100 and 200 mg/kg) treatment in a dose-dependent manner 

could markedly (p < 0.05, p < 0.01, respectively) increase the 

serum and liver TTG levels in comparison with the DZN 

group (Fig.  4 A, B).         

    Eff ect of fl axseed oil on the serum and liver CAT levels 

 According to Fig.  5 A, a signifi cant (p < 0.05) reduction in 

the serum CAT activity was observed due to DZN-exposed 

animals compared to the control group. In contrast, the 

serum CAT activity was enhanced signifi cantly (p < 0.05) 

in animals that received fl axseed oil (200 mg/kg) as com-

pared to the DZN group. In addition, the liver CAT activity 

decreased signifi cantly (p < 0.01) in the DZN group in com-

parison with the control group. The levels of CAT activity 

in the liver tissue of animals that were treated by Flaxseed 

oil (100 and 200 mg/kg) in a dose-dependent manner sig-

nifi cantly (p < 0.05, p < 0.01, respectively) increased in com-

parison with the DZN group (Fig.  5 B).         
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  Fig. 1       Eff ects of fl axseed oil (FS-oil) on the activity of alanine ami-

notransferase (ALT) ( A ), aspartate aminotransferase (AST) ( B ), and 

alkaline phosphatase (ALP) ( C ) in serum samples of poisoned rats 

by Diazinon (DZN). The data were reported based on Mean ± SEM 

(n = 5). ***p < 0.001 compared to control group, # p < 0.05,## 

p < 0.01, ### p < 0.001 compared to DZN group  

  Fig. 2       Eff ects of fl axseed oil (FS-oil) on the serum and liver MDA levels in samples of poisoned rats by Diazinon (DZN). The data were 

reported based on Mean ± SEM (n = 5).*p < 0.05, **p < 0.01 compared to control group, # p < 0.05,## p < 0.01 compared to DZN group  
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     Discussion 

 In this study, we demonstrated that fl axseed oil remark-

ably protected the liver tissue against DZN-induced sub-

acute hepatotoxicity, which was indicated by inhibiting 

the increase of liver enzymes such as ALT, AST, and ALP 

as well as lipid peroxidation. Besides, the elevation of 

antioxidant enzyme (TAC, TTG, and CAT) activities was 

observed. Also, these changes were associated with histo-

pathological experiments. Our results precisely revealed 

that DZN altered the liver function by increasing the levels 

of AST, ALT, and ALP in serum, indicating severe damage 

to the liver, which is in agreement with previous studies 

(Kalender et al.  2005 ; Nili-Ahmadabadi et al.  2018  ).  Jalili 

et al. indicated signifi cant increase in the serum level of 

liver enzymes AST, ALT, and ALP in DZN group (Hariri 

et al.  2010 ). Kalender et al. reported ALP, ALT and AST 

activities increased statistically in diazinon-treated group 

compared to control group as indicators of hepatic func-

tion (Kalender et al.  2005 ). Clinical fi ndings demonstrated 

that high serum levels of ALP, ALT, and AST have close 

  Fig. 5       Eff ects of fl axseed oil (FS-oil) on the serum and liver CAT levels in samples of poisoned rats by Diazinon (DZN). The data were reported 

based on Mean ± SEM (n = 5).*p < 0.05, **p < 0.01 compared to control group, # p < 0.05,## p < 0.01 compared to DZN group  

  Fig. 6       Eff ect of fl axseed oil on the liver histopathological changes. 

Control groups ( A ), fl axseed oil ( B ), DZN ( C ), DZN + fl axseed oil 

(100 mg/kg) ( D ), DZN + fl axseed oil (200 mg/kg) ( E ) Magnifi cation 

1000 x, scale bar = 20um.  CV  central vein,  H  hepatocyte,  S  sinusoid, 

 k  kupff er cell, *: lymphocytes, red arrow: Pyknotic nucleus, yellow 

arrow: normal nucleus)  
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