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Abstract 

Background and Aim: It has been indicated that aluminum phosphide (ALP) and paraquat (PQ) poisoning 

generate oxidative stress through the production of free radicals. The aim of the present study was to examine 

the effect of hydro alcoholic extract of Persian shallot and N-acetyl cysteine (NAC) against induced oxidative 

stress by PQ and ALP.  

Materials and Methods: Adult male Wister rats were divided into ten groups of 7. Animals received ALP and 

PQ alone and also in combination with NAC and the hydro alcoholic extract of Persian shallot. After twenty-

four hours of treatment, the animals were scarified and their blood as well as liver samples were collected. 

Then, alanine aminotransferase (ALT), aspartate aminotransferase (AST), catalase (CAT) activity, as well as 

total antioxidant capacity (TAC) and lipid peroxidation (LPO) were measured.  

Results: The PQ and ALP significantly increased ALT and AST leakage compared to the control group 

(P<0.05). The TAC of serum and liver remarkably increased in the groups treated with NAC and hydro 

alcoholic extracts of Persian shallot in comparison with the control group (P < 0.05).  

Conclusion: As a natural antioxidant, the hydro alcoholic extract of Persian shallot can counteract with 

oxidative stress induced by ALP and PQ to ameliorate liver function.  
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Introduction 

As a metal phosphide, aluminum phosphide (ALP) is 

frequently used throughout the world due to its 

protective effects in grain storage (1). Following the 

contact of the ALP with moisture environments such 

as gastric hydrochloric acid, phosphine gas (PH3) is 

released. Phosphine could cause competitive inhibition 

of cytochrome c oxidase enzyme in the mitochondrial 

respiratory chain (2). Inhibition of mitochondrial 
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respiratory chain leads to incomplete reduction of 

molecular oxygen and subsequently super oxide 

radical generation which causes lipid peroxidation 

and oxidative stress (3). 

Paraquat (PQ) is a herbicide which is extensively 

used in agriculture (4). Exposure to PQ and its 

absorption through airway and systemic route leads 

to PQ accumulation in lung and other organs that 

result in pulmonary edema, bronchial and alveolar 

damage, and eventually lung fibrosis. PQ toxicity 

mechanism include radical chain reaction through its 

quaternary ammonium nitrogen atoms and bipyridyl 

ring that lead to reactive oxygen species (ROS) 

generation and oxidative stress (4). According to 

obtained results, PQ poisoning is one of the fatal 

poisoning in emergency ward.  

Antioxidant system plays a significant role in 

preventing the formation of free radicals and their 

harmful effects in the oxidative stress condition. This 

system is divided into three sub-categories, including 

enzymatic antioxidants (glutathione peroxidase, 

catalase and superoxide dismutase), small molecules 

(such as glutathione) and proteins (such as albumin) 

(5). Given that ALP and PQ poisoning pathogenesis 

are based on oxidative stress induction, prescription 

of antioxidant compound is one of the main 

strategies in the treatment of ALP and PQ poisoning 

(6). 

N-acetyl cysteine (NAC) is an amino acid derivative 

that has antioxidant properties due to direct removal 

of free radicals and also restoration of the active form 

of glutathione (7). Previous studies demonstrated that 

reduced thiol moiety in NAC structure can scavenge 

free radicals and thereby counteract with oxidative 

stress (8). Persian shallot or Allium hirtifolium is a 

plant species that could be found in Iran. According 

to previous reports, this plant has antioxidant 

properties (9). Antioxidant property of Persian 

shallot is mainly due to a flavonoid known as 

quercetin (10). Since the natural compounds have 

fewer side effects compared to synthetic forms, the 

use of natural products in treatment of various 

diseases by patients has been increasing. Due to the 

high rate of aluminum phosphide and paraquat 

poisoning and lack of any report associated with the 

role of Persian shallot in improving this condition, 

this study examined the impacts of the hydro 

alcoholic extract of Persian shallot compared to NAC 

on oxidative stress parameters induced by ALP and 

PQ acute poisoning. 

Materials and Methods 

Chemicals  

We purchased trichloroacetic acid (TCA), 2-

thiobarbituric acid (TBA), and 2,4,6-tripyridyl-s-

triazine (TPTZ) from the Sigma Chemical Co. (United 

States). AST and ALT kits used in the present study 

were purchased from Pars Azmun Co. (Iran), NAC 

(Avicenna, Iran) and PQ (Ariashimi, Iran). All other 

chemicals were puchased from the Sigma. 

Preparation of Persian Shallot Hydro Alcoholic 

Extract 

One hundred g of fresh and dried Persian shallot 

whose genus and species were confirmed by the 

Department of Botany, Bu-Ali Sina University, 

Hamedan-Iran, was well powdered and then mixed 

with 400 ml distilled water/ethanol (25/75). The 

prepared solution was incubated for 48h and then 

filtered using a filter paper and a buchner funnel.The 

filtered solution was well evaporated, dried and 

converted to dry powder using a rotator evaporator. 

The obtained dry powder was used for preparing other 

concentrations (11). 

Animals and Treatments 

Seventy adult male Wistar rats weighing 180-250g 

were recruited in the present study. The animals were 

kept on a 12-hour light/dark cycle with free access to 

tap water and standard laboratory chow. Then animals 

were randomly divided into 10 group (n=7): 

Group1: healthy controls received normal saline. 

Group2: received aluminum phosphide (2 mg/kg).  

Group3: received 50mg/kg of paraquat  

Group 4: received N-acetyl cysteine (6.25 mg/kg).  

Group 5: received 100mg/kg of the hydro alcoholic 

extract of Persian shallot 

Group 6: received 300mg/kg of the hydro alcoholic 

extract of Persian shallot 

Group 7: received 2 mg/kg of aluminum phosphide 

and 300mg/kg of the hydro alcoholic extract of 

Persian shallot 

Group8: received 2 mg/kg of aluminum phosphide 

and 100mg/kg of the Persian shallot hydro alcoholic 

extract 

Group9: received 50mg/kg of paraquat and 100mg/kg 
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of the hydro alcoholic extract of Persian shallot 

Group10: received 50mg/kg of paraquat and 

300mg/kg of the hydro alcoholic extract of Persian 

shallot 

Treatment in all the groups was carried out by oral 

gavage. Twenty-four hours after the treatment, the 

rats were anesthetized with ketamine and then were 

sacrificed. Then blood and liver samples were 

collected. The animals in the treatment groups were 

approved by the Research Committee of Hamedan 

University of Medical Sciences, Iran.  

Biochemical Analysis 

Lipid Peroxidation Measurement 

Lipid peroxidation level was measured using 

colorimetric methods. In this method, during the acid 

heating condition, malondialdehyde – as a lipid 

peroxidation byproduct- reacts with TBA and 

produces a pink complex that can absorb light in 

532nm. We used the calibration curve of 

tetraethoxypropane standard solutions to measure the 

concentrations of TBA + MDA adducts in the 

samples (12). 

Total Antioxidant Capacity Assay 

Total antioxidant capacity was measured using the 

ferric reducing ability (FRAP) method. This method 

is based on Fe
3+

 to Fe
2+

 reduction in the presence of 

TPTZ reagent. In the next step, Fe
2+

 and TPTZ form 

a blue color complex with maximum absorbance in 

593 nm (13). 

Catalase (CAT) Measurement Activity 

Catalase activity measurement of the samples was 

based on the decrease of absorbance in the reaction 

medium containing H2O2 (10mM) and sodium 

phosphate buffer (50 mM, pH. 7.0) at 240nm. One 

unit of enzyme activity is considered as the amount 

of enzyme needed to degrade 1 mol H2O2 as a 

substrate within one minute (14). 

ALT and AST Activity Assay 

ALT and AST activity were measured using Pars 

Azmun kit, Tehran, Iran.   

Statistical Analysis 

Statistical analysis was conducted using SPSS 

version 16. Quantitative data were expressed as 

Mean ± SD. One-way ANOVA followed by Tukey 

post hoc test was used for the comparison of 

variables mean value between the studied groups. P 

values < 0.05 were considered to be significant. The 

research project was approved by the ethical 

committee of the Hamadan University of Medical 

Sciences (ethical approval No. 9209052832). 

Results and Discussion 

Effect of Treatment on Serum Biochemical 

Parameters 

The results of serum biochemical parameter 

measurement have been summarized in Table1. ALP 

and PQ remarkably increased ALT and AST activities 

in comparison with the control group (p < 0.05). Co-

administration of ALP with 100mg/kg of the hydro 

alcoholic extract of Persian shallot also significantly 

increased AST activity compared to the control. TAC 

in the groups treated with NAC, 300mg/kg of the 

hydro alcoholic extract of Persian shallot and co-

administration of ALP with 100mg/kg of the hydro 

alcoholic extract of Persian shallot, compared to the 

control group, significantly increased (p < 0.05). On 

the other hand, TAC level in the group treated with 

NAC swas ignificantly higher than in the groups 

treated with ALP and PQ (p < 0.05). Co-

administration of ALP with 300mg/kg of the hydro 

alcoholic extract of Persian shallot and PQ with 

100mg/kg of the hydro alcoholic extract of Persian 

shallot caused a significant decrease in TAC compared 

the group treated with NAC (p < 0.05).  

Effect of Treatment on Liver Biochemical 

Parameters 

Table 2 shows the level of liver biochemical 

parameters. NAC and 300mg/kg of the hydro 

alcoholic extract of Persian shallot significantly 

increased TAC in comparison with the control group 

(p < 0.05). The TAC level in the groups treated with 

ALP and PQ also significantly decreased compared to 

the group treated with NAC (p < 0.05). Co-

administration of ALP and PQ with the hydro 

alcoholic extract of Persian shallot caused a significant 

decrease in TAC level compared to the group treated 

with NAC (p < 0.05).    

The ALP and PQ poisoning induce tissue damages 

mainly by the induction of oxidative stress. Therefore, 

the use of antioxidant compounds can be effective in 

modulating the damage caused by these poisoning. 

Accordingly, our study examined the NAC and hydro 

alcoholic extract of Persian shallot effects on the 

oxidative stress induced by ALP and PQ poisoning.   

The present study demonstrated that ALP and PQ 
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could induce oxidative stress in the liver and increase 

liver enzyme leakage. On the other hand, it was 

shown that Persian shallot hydro alcoholic extract 

and NAC modulate oxidative stress parameters 

probably through increasing the TAC.  

 

Based on the proposed mechanism, ALP increased 

the free radicals concentration and induced oxidative 

stress through mitochondrial respiratory chain 

inhibition that caused multi-organ damage (15). 

Moreover, as an herbicide, the PQ produced reactive 

oxygen species (ROS) and caused oxidative stress 

through its ability to undergo redox-cycling (16). 

Since the liver has a central role in detoxification, 

induced oxidative stress and subsequently liver 

damage by PQ and ALP are not unexpected. Increased 

activity of the ALT and AST in the present study also 

confirmed the hypothesis that PQ and ALP induce 

liver damage. Consistent with our results, another 

study by Mathai et al. demonstrated that ALP 

poisoning increased ALT and AST leakage (17). The 

study conducted by Louriz et al. also showed that ALP 

poisoning could significantly increase liver enzyme 

activity (18). In agreement with our results, Pasha et 

al. showed that oxidative stress induced by acute 

paraquat poisoning could increase liver damage and 

liver enzymes leakage (19). 

On the other hand, the present study indicated that 

NAC and Persian shallot hydro alcoholic extract 

counteract with oxidative stress and improve liver 

Table 1: The effects of treatments on serum biochemical parameters in rats.  

Groups ALT (U/L) AST (U/L) TAC (µmol/ml) LPO (nmol/ml) CAT (U/ml) 

Control 20.4 ± 6.4 33.7 ± 6.4 1.73 ± 0.1 3.2 ± 0.1 1.29 ± 0.4 

ALP 2 mg/kg 43.8 ± 6.4* 63.1 ± 10.2* 1.33 ± 0.1** 6.1 ± 0.1 1.64 ± 0.4 

PQ 50 mg/kg 43.3 ± 6.7* 68.9 ± 8.8* 1.41 ± 0.1** 5.6 ± 0.2 1.21 ± 0.2 

NAC 6.25 mg/kg 23.9 ± 3.8 48.4 ± 6.7 4.78 ± 0.6* 4.6 ± 0.1 1.40 ± 0.6 

PS 100 mg/kg  34.6 ± 3.2 51.05 ± 8.9 3.70 ± 0.2 1.0 ± 0.5 9.60 ± 4.2 

PS 300 mg/kg  33.1 ± 2.5 52.4 ± 8.7 4.60 ± 0.2* 1.2 ± 0.03 2.50 ± 0.9 

ALP + PS 100 mg/kg 43.1 ± 7.5 68.4 ± 6.7* 3.60 ± 0.4* 8.1 ± 0.1 4.01 ± 1.5 

ALP +  PS 300 mg/kg 32.7 ± 5.5 66.9 ± 12.5 1.07 ± 0.2** 4.0 ± 0.09 3.50 ± 2 

PQ + PS 100 mg/kg 40.8 ± 10.4 59.7 ± 8.7 2.31 ± 0.4** 3.4 ± 0.2 1.43±0.6 

PQ +  PS 300 mg/kg 33.3 ± 5.4 51.78 ± 8.08 3.21 ± 0.2 3.8 ± 0.1 1.88 ± 0.6 

Data are presented as mean ± SD.ALP: Aluminium phosphide, PQ: Paraquat, PS: Persian shallot, ALT: Alanin aminotransferase, 

AST: Aspartate aminotransferase, TAC: total antioxidant capacity, LPO: Lipid peroxidation, CAT: Catalase.* significantly different 

compared with control group (P< 0.05). ** Significantly different compared with NAC group (P< 0.05). 
 

Table 2: The effects of treatments on liver biochemical parameters in rats.  

Groups TAC (µmol/ml)               LPO (nmol/ml)               CAT (U/ml) 

Control 2.23 ± 0.4                        1 ± 0.07                           4.5 ± 1.7                                                                                           

ALP 2 mg/kg 1.52 ± 0.1**                     1.6 ± 0.4                           7.3 ± 4.9 

PQ 50 mg/kg 1.72 ± 0.2**                    2.4 ± 0.1                            6.8 ± 3.3 

NAC 6.25 mg/kg 6.01 ± 0.9*                     0.6 ± 0.03                          4.8 ± 0.76 

PS 100 mg/kg  4.22 ± 0.8                        0.2 ± 0.08                          6.4 ± 2.24 

PS 300 mg/kg  5.97 ± 0.7*                      0.1 ± 0.01                          3.9 ± 1.9                                                           

ALP + PS 100 mg/kg 2.74 ± 0.4**                    0.5 ± 0.02                          2.03 ± 0.6 

ALP +  PS 300 mg/kg 2.51 ± 0.2**                    0.1 ± 0.09                         2.67 ± 0.44 

PQ + PS 100 mg/kg 2.22 ± 0.9**                     0.3 ± 0.01                         10.93 ± 9.1 

PQ +  PS 300 mg/kg 1.77 ± 0.4**                     0.8 ± 0.03                         6.39 ± 1.75                              

Data are presented as mean ± SD.ALP: Aluminium phosphide, PQ: Paraquat, PS: Persian shallot, TAC: total antioxidant capacity, 

LPO: Lipid peroxidation, CAT: Catalase.* significantly different compared with control group (P< 0.05). ** Significantly different 

compared with NAC group (P< 0.05). 
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function. Our finding is supported by the results of 

the study carried out by Tehrani et al. which showed 

that NAC counteract with harmful effects of 

oxidative stress by ALP poisoning (5). Another study 

conducted by Oghabian et al. revealed that NAC 

could modulate oxidative stress and improve acute 

liver failure induced by zinc phosphide (20). Indeed, 

the antioxidant properties of NAC are associated 

with its ability in GSH biosynthesis facilitating by 

extracellular cysteine reduction to cysteine and 

stimulating GSH synthesis by providing sulfhydryl (-

SH) groups and subsequently enhancing glutathione-

S-transferase activity (21, 22). These findings 

suggested that NAC counteract with ALP and PQ 

poisoning probably by TAC strengthening.    

Another interesting point in this study was the 

capability of the hydro alcoholic extract of Persian 

shallot in reducing the liver injury induced by PQ 

and ALP poisoning by increasing the TAC. Indeed, 

the non-significant difference in the TAC of the 

NAC treated group compared to the hydro alcoholic 

extract of Persian shallot treated group indicated that 

Persian shallot has a remarkable therapeutic 

potential. Although there is not any data about the 

effect of the Persian shallot hydro alcoholic extract 

on ALP and PQ poisoning, other studies about 

Persian shallot confirmed our results. Ramaiah et al. 

demonstrated that the hydro alcoholic extract of 

Persian shallot could improve oxidative stress caused 

by STZ in diabetic rats and significantly reduce the 

liver enzymes leakage (23). The results of the study 

conducted by Hosseini et al. revealed that in 

oxidative stress induced by alloxan, the hydro 

alcoholic extract of Persian shallot could decrease the 

serum concentration of ALT and AST (24). Persian 

shallot has some antioxidant compounds in its 

structure such as phenolic and sulfur groups (9). 

These compounds increase antioxidant enzymes 

activity and thereby protect the cells against 

depletion of reduced glutathione. On the other hand, 

polyphenolic compounds and flavonoids are able to 

scavenge free radicals and neutralize their harmful 

effects (25). The results of this study showed that the 

hydro alcoholic extract of Persian shallot and NAC 

could improve the oxidative stress induced by PQ 

and ALP, mainly through strengthening the total 

antioxidant capacity. 

Conclusion 

As a natural antioxidant, the hydro alcoholic extract of 

Persian shallot can counteract with oxidative stress 

induced by ALP and PQ to ameliorate liver function. 
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