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Background: Paraquat poisoning results in multi-organ failure, primarily pulmonary fibrosis, 
acute renal failure, and hepatic impairment. The present study was designed to evaluate three 
treatment regimens, such as N-Acetyl cysteine (NAC), silymarin and hydrocortisone in the 
prevention of lung fibrosis after ingestion of toxic doses of paraquat in rats. 

Methods: Male Sprague-Dawley rats (N=20) were randomly divided into four groups of five 
each. The drugs and paraquat were given to the rats orally. All rat groups received one oral 
dose of paraquat (10 mg/kg) once daily for 1 week. The first group received a daily oral dose 
of silymarin (600 mg/kg) for 2 weeks. The second group received a daily oral dose of NAC 
(500 mg/kg) for 2 weeks. The third group was given daily oral doses of NAC (500 mg/kg) 
and hydrocortisone (50 mg/kg) for 2 weeks. The fourth group (controls) received no drugs 
other than paraquat. The experiment continued for 4 weeks. After the experiment, autopsy was 
performed on all rats and the lungs were examined histopathologically.

Results: The results of histopathology examinations for peribronchial inflammation in the 
groups were shown that NAC plus hydrocortisone and silymarin had notable effects in the 
prevention of lung inflammation. Septal widening in the lungs was also observed in group 
three less than that in the other groups.

Conclusion: Based on the results, silymarin, NAC and hydrocortisone may be used as 
a palliative treatment in paraquat poisoning specifically aimed at preventing the acute and 
chronic lung injuries as the worst complication of the poisoning. 
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Introduction

araquat (1, 1′-dimethyl-4 4′-bipyri-
dinium dichloride) is one of the most 
popular bipyridylium herbicides with 
unusual toxicological properties. This 
herbicide is one of the most common 

and active chemicals used in the Iranian agriculture [1]. 
Paraquat poisoning results in such multi-organ failures 
as pulmonary fibrosis, acute renal failure, and hepatic 
impairment, and is associated with high mortality [2]. 
Toxicological properties of paraquat are attributed to its 
ability to produce Reactive Oxygen Species (ROS), such 
as superoxide anion, which may directly or indirectly P
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cause cell death [3]. Lungs are the main target organ in 
paraquat poisoning. The main reason for death following 
paraquat poisoning is the resultant damage and fibrosis 
of the lung tissue within a few weeks post exposure [4]. 
It has also been reported that paraquat specifically affects 
the lungs in animals. In rodent models, prolonged para-
quat exposure leads to cumulative and persistent damage 
in the brain, lungs and liver tissues [5]. Paraquat toxicity 
is diagnosed by the progressive interstitial fibrosis and 
edema of the lungs [4].

Paraquat exerts its effect as an electron donor and 
transforms oxygen molecules to free radicals, which 
are responsible for the peroxidation of lipids in cellular 
membranes [1]. The deleterious effects of paraquat are 
mainly attributed to the extreme redox activity, which in 
turn induces extensive damages to various organs and 
tissues [5]. The mechanism of cellular damage induced 
by paraquat is believed to be cytochrome P450 reduc-
tase dependent, which subsequently causes ROS forma-
tion and membrane lipid peroxidation in the pulmonary 
cells [4]. Oxidative stress develops when the generation 
of ROS in a system exceeds its ability to neutralize and 
eliminate the free radicals. If not regulated properly, the 
excess ROS can impair the cellular lipids, proteins, and/
or DNA, inhibiting their normal functions [5]. The sec-
ondary effects of oxidative stress include lipid peroxida-
tion, mitochondrial toxicity, oxidation of Nicotinamide 
Adenine Dinucleotide Phosphate (NADP), apoptosis 
and activation of nuclear factor kappa B [6]. These ef-
fects induce the formation of inflammatory enzymes, 
cytokines, and chemokines. Moreover, the inflammatory 
response is the initial and main mechanism of tissue in-
jury secondary to paraquat poisoning [7].

No specific antidote or conclusively effective treatment 
has been suggested for paraquat poisoning to date [8]. In 
the current practice, the therapeutic regimen mainly con-
sists of immunosuppressive agents, cyclophosphamide, 
and methyl prednisolone. The use of cyclophosphamide 
and methyl prednisolone pulse therapy is substantiated 
by the clinical experience of treating patients. Patients 
frequently present with severe lung injury, similar to 
those observed in systemic lupus erythematosus [9]. Evi-
dently, severe lung injury is the primary cause of mortal-
ity in patients with paraquat poisoning [9]. The main tar-
get organ for paraquat toxicity is the lungs, involving the 
development of ROS, nitrogen species, inflammation, 
disseminated intravascular coagulation, and activation 
of transcriptional regulatory mechanisms. Therefore, it 
may be hypothesized that an antidote against paraquat 
poisoning should counteract all of the pathologic effects 
[10]. 

Antioxidants prevent oxidative damage caused by 
ROS in biological structures, and the interactions be-
tween antioxidants and toxins can reduce the toxicity 
[4]. Silymarin is known to exert potent antioxidative and 
anti-inflammatory effects on various pathophysiological 
processes [11].

In the present study, we have investigated the effects of 
three treatment regimens, i.e. N-acetyl Cysteine (NAC), 
silymarin, and hydrocortisone for the prevention of lung 
fibrosis after ingestion of toxic doses of paraquat in rats. 

Materials & Methods

Animals: Male Sprague-Dawley rats, weighing 
250±10 gr. were obtained from Razi Research Institute 
in Karaj, Iran. The animals were kept under standard 
conditions of 22±2◦C, 45±5% humidity and 12hr light/
dark cycle. They were provided with standard laboratory 
diet and water ad libitum, and were left to acclimatize for 
2 week before the experiments began. 

Animal Grouping: Rats were randomly divided into 
four groups of five animals each. The drugs and para-
quat were given orally through an orogastric cannula. 
All groups received the oral dose of paraquat (10 mg/kg) 
once daily for 1 week. The first group received a daily 
oral dose of silymarin (600mg/kg) for 2 weeks. The sec-
ond group received a daily oral dose of NAC (500 mg/
kg) for 2 weeks. The third group was given a daily oral 
dose of combined NAC (500 mg/kg) and hydrocortisone 
(50 mg/kg) for 2 weeks. The fourth group, which served 
as the controls, received no drugs other than paraquat.

Experimental Design: All rats were kept in animal 
cages (4 per cage) during the study, which was four 
weeks. At the completion of the experiments, all of the 
surviving rats were anesthetized with intramuscular in-
jection of ketamine (80 mg/kg) and xylazine (15 mg/kg), 
then the lungs were removed and examined histopatho-
logically.

Ethical Approval: The experimental protocol was ap-
proved by the Animal Care Committee at Arak’s Univer-
sity of Medical Sciences, Arak, Iran. Also, the experi-
mental procedures were carried out in accordance with 
international guidelines for the care and use of labora-
tory animals [12].

Histopathologic Examinations: For histopathology 
analysis, we prepared sections of the middle of the left 
lung and the lower lobe of the right lung for light mi-
croscopy. The specimen processing consisted of fixation 
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in 4% buffered neutral formalin solution for 24hr, em-
bedding in paraffin wax, slicing sections at 5 microm-
eters thickness, and staining with Hematoxylin–Eosin 
(H&E). The slides were independently examined for 
peribronchial inflammation and septal widening; while 
the examiner was unaware of the slide groups to which 
the specimens belonged. The extent of the tissue al-
terations was expressed as the mean of 10 high power 
fields (HPFs) under microsope, chosen at random and 
classified on a scale of zero to three as follows: 0=no 
change; 1=changes more than 15% but less than 39% of 
the cells; 2=changes more than 40% but less than 59% 
of the cells; 3=changes in more than 60% of the cells. 

Statistical Analyses: We used SPSS software, v. 20 to 
perform all of the statistical analyses. One-way Analysis 

of Variance (ANOVA) and chi-square were used to test 
significant differences among the groups. The results 
were expressed as Mean±SD. A probability level of 
<0.05 was considered as being statistically significant.

Results

 In the present study, 20 Sprague-Dawley rats were 
treated with paraquat and three other chemical com-
pounds. The animals in the four study groups had no 
differences with respect to their body weight and living 
condition during the experiments. Two animals in the 
control group died during the study, possibly due to the 
paraquat poisoning. The lungs from these animals were 
also examined as part of the experimental samples. 

Table 1. The extent of peribronchial inflammation in the rat lungs

Groups
Peribronchial Inflammation Grade

A B C D

Group 1 0 0 4 1

Group 2 1 0 1 3

Group 3 1 2 2 0

Group 4* 0 0 0 5

A: No change; Cellular changes: B=15-39%; C=40-59%; D > 60%. *Control group

Table 2. Significant statistical differences among the rats for the degree of the lung’s peribronchial inflammation

Groups P for Statistical Significance 

Group 1 - *0.047 0.097 *0.031

Group 2 *0.047 - *0.039 0.115

Group 3 *0.097 *0.039 - *0.027

Group 4 *0.031 0.115 *0.027 -

* Significant statistical difference

Table 3. The extent of septal widening observed in the rat lungs

Groups
Septal Widening Grade

A B C D

Group 1 0 2 0 3

Group 2 0 1 1 3

Group 3 0 4 1 0

*Group 4 0 0 0 5

A: No change; Cellular changes: B=15-39%; C=40-59%; D > 60%. *Control group
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The results of the histopathology examinations for peri-
bronchial inflammation in the groups are presented in Table 
1. The control group exhibited severe peribronchial inflam-
mation. The treatments reduced the degree of the inflamma-
tion especially in groups 2 and 3 (Figures 1, 2 & 3). The 

significant differences among the groups for the extent of 
the peribronchial inflammation are shown in Table 2. 

The lung’s specimens were also examined for septal 
widening histopathologically. The results are shown in 
Table 3. The control group had severe septal widening 

Table 4. Significant statistical differences among the rats for the extent of the lung’s septal widening

Groups P for Statistical Significance of the Differences 

Group 1 - 0.840 *0.044 0.243

Group 2 0.840 - 0.041* 0.121

Group 3 *0.044 *0.041 - *0.013

Group 4 0.243 0.121 0.013* -

*Significant statistical difference

Figure 1. Severe peribronchial inflammation due to paraquat poisoning (Controls, Group 4)

Figure 2. Moderate peribronchial inflammation due to paraquat poisoning and treatment with NAC (500 mg/kg) for 2 weeks (Group 2)
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in the lungs. The treatment reduced the severity of the 
inflammation especially in group 3. The statistical sig-
nificant differences among the groups for the extent of 
septal widening are demonstrated in Table 4.

Discussion

This study was designed to evaluate three treatment 
modalities versus lung injury in rats poisoned with para-
quat. The lung tissue injuries were assessed in terms of 
inflammation and septal widening in each slide. The re-
sults confirmed that the proposed drug regimens were 
effective in preventing lung tissue injuries secondary to 
paraquat toxicity. The preventive effect was more promi-
nent in the treatment where hydrocortisone and NAC 
had been combined. The treatment with silymarin alone 
was also effective moderately. 

The role of oxidative stress in paraquat poisoning has 
been reported previously. Sharifi Nasab, et al. [1] have 
confirmed that the antioxidant property of vitamin C can 
alleviate the oxidative stress of paraquat on the liver. 
Balazadeh et al. [4] have shown the protective effects 
of the antioxidant, Coenzyme Q10, against lung tissue 
inflammation and alveoli destruction. Ahmed and col-
leagues have presented promising results for the antioxi-
dant effects of Propolis in the prevention of the oxidative 
stress due to paraquat poisoning [5]. Charao et al. have 
shown significant antioxidant property of melatonin in 
paraquat poisoning [13]. The oxidative injuries of para-
quat have also been demonstrated due to its chronic ex-
posure [14-18]. 

Further, prevention of the inflammatory response and 
immune suppression has potential benefits in paraquat 

poisoning [2]. Hsin-Liang and coworkers confirmed that 
the presence of systemic inflammatory response was 
significantly associated with early mortality in paraquat 
poisoning [6]. Ning et al. have suggested that C-Reactive 
Protein (CRP) level, as a determinant of the extent of in-
flammation, is prognostic in paraquat poisoning [7]. Jie 
Qian et al. have demonstrated that an immune modulator 
(FTY720,) can prevent lung injuries in cases of paraquat 
poisoning [14]. 

To date, there are no effective and specific antidotes for 
acute poisoning with paraquat. In this context, experi-
mentation with agents that may have beneficial effects 
seems prudent. Antioxidant and anti-inflammatory ef-
fects of silymarin has been studied previously by re-
searchers in different cases of poisonings [19-21]. Sily-
marin and NAC have been studied in paraquat poisoning 
in few previous studies. Zhenning et al. have explored 
the protective effect of silymarin in paraquat-induced 
macrophage injuries with promising results [11]. Ting-
Yuan et al. have suggested that NAC treatment signifi-
cantly increases the likelihood of survival in paraquat-
intoxicated rats [22]. 

Results of the present study confirmed that the combi-
nation of hydrocortisone and NAC had noticeable effect 
in the prevention of lung injury due to paraquat poison-
ing. This finding is consistent with those of previous 
studies [6, 7, 22]. The antioxidant and anti-inflammatory 
effects of these two drugs seem to improve when com-
bined, as compared to their use individually. 

Figure 3. Mild peribronchial inflammation due to paraquat poisoning and treatment with a daily oral dose of combined NAC 
(500 mg/kg) and hydrocortisone (50 mg/kg) for 2 weeks (Group 3)
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Silymarin as an herbal drug also has both antioxidant 
and anti-inflammatory properties. We used silymarin in 
the present study owing to the promising results reported 
in various other cases of poisoning [19-21]. Also, the 
outcome of the present study with silymarin alone is sup-
portive evidence. Silymarin has been proposed for the 
treatment of paraquat poisoning previously by Zhenning 
et al. [11]. These authors have suggested that silymarin 
attenuates paraquat-induced cytotoxicity by inhibiting 
the oxidative stress, inflammation, and activation of cer-
tain cytokines [11].

Conclusions

Based on the findings of this study, silymarin, NAC and 
hydrocortisone have antioxidant and anti-inflammatory 
properties, thus they can be used as valuable treatment 
in patients with paraquat poisoning. Specifically, these 
agents prevent the acute and chronic lung tissue injuries, 
which are the worst and potentially lethal consequences 
of paraquat poisoning.
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