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Introduction 

Pulmonary fibrosis may result from a variety of acute 

and chronic lung disorders. The great accumulation of 

matrix proteins such as collagen produced by 

fibroblasts and myofibroblasts, thicken and damage 

alveolar walls and reduce elasticity, widening of 

interstitial matrix and development of lung fibrosis.
1
 

Although specific treatments for fibrotic lung diseases 

are not yet available, control and prevention of 

inflammatory events might delay progress of the 

fibrotic events. Corticosteroids are usually administered 

to control the inflammation in fibrotic lungs; however, 

the useful effects of these agents are not well 

established.
2
 The progression of pulmonary fibrosis is 

closely related to a complicated network consisting of 

many cytokines, chemical mediators, growth factors 

and biophysical peptides derived from inflammatory 

immune cells, alveolar type II cells and endothelial 

cells.
3
 

Paraquat (C12 H14 N2), a bipyridyl and non-selective 

quaternary nitrogen herbicide, is commonly used all 

around the world. Paraquat a highly toxic herbicide 

causes fatal pulmonary damage. Although liver, kidney, 

heart and central nervous system are affected, lung 

damage and pulmonary fibrosis are the most 

widespread injuries and the usual causes of death. Lung 

tissue and particularly the type II pneumocytes 

accumulate paraquat by a selective and active 

polyamine uptake procedure.
4,5

 

The mechanism of paraquat toxicity has not been fully 

understood. The main potential mechanism is 

producing the superoxide radicals.
6,7

 The chemical 

cascades leading to the reduction of paraquat and the 

generation of free radicals and lipid peroxidation may 

create lethal lesions associated with intra-alveolar 

fibrosis resulting in lung failure.
8,9

 The pulmonary 

toxicity of paraquat occurs in two different phases. The 

first is a damage and demolition of alveolar epithelial 

cells causing edema and hemorrhage. The second is to 

infiltrate myofibroblasts into the alveolar spaces and 

septa and differentiation in fibroblasts by producing 
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Abstract 
Purpose: Pulmonary fibrosis is a potentially lethal inflammatory disease and there has been 

no effective medication for this progressive disease up to now. As a model, different 

therapeutic approaches have been applied for paraquat-induced pulmonary injury and 

fibrosis. Atorvastatin besides cholesterol-lowering effects possesses anti-inflammatory and 

anti-oxidant properties. The current study was designed to investigate the preventive anti-

fibrotic effects of atorvastatin on paraquat-induced pulmonary fibrosis in rats.  

Methods: The rats were randomly divided into five experimental groups. Group I, control 

group (saline), group II received a single oral dose of 20 mg/kg paraquat with no treatment 

and III, IV and V groups received atorvastatin at the doses of 10, 20, and 40 mg/kg/day 

orally one week before and three weeks after paraquat administration, respectively. The rats 

were sacrificed 21 days after paraquat. Lung hydroxyproline and serum levels of 

malondialdehyde (MDA) were determined and lung indices and semi-quantitative 

histopathological changes were evaluated. 

Results: Paraquat could significantly increase the serum MDA and lung hydroxyproline 

levels. Elevated content of tissue hydroxyproline and serum levels of malondialdehyde 

induced by paraquat, attenuated by atorvastatin at the doses of 10, 20 and 40 mg/kg. 

Furthermore, histopathological findings and the amount of lung indices showed the 

beneficial preventive role of atorvastatin in rat pulmonary fibrosis induced by paraquat.  

Conclusion: In conclusion, the present data show that atorvastatin alleviate the toxic effects 

of paraquat under the experimental circumstances and may be a useful agent in cases who 

are in contact or poisoned with paraquat. 
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collagen.
10,11

 At present no specific antidote or effective 

treatment is proposed for paraquat toxicity and 

poisoning. Since there are no known pharmacological 

antidote for paraquat, the management of paraquat 

poisoning has been predominantly limited either to 

decrease its absorption or to increase its elimination.
12

 

Currently different treatment strategies that prevent or 

reverse the lipid peroxidation at the cellular level and 

reduce the pulmonary collagen synthesis had been 

reported.
13,14

 

Statins, which are HMG-CoA reductase inhibitors, 

belong to a class of drugs that lowers the level of 

cholesterol in the blood. Statins may have also 

antifibrotic function. Statins block hydroxy-

methylglutaryl-coenzymeA reductase (HMG-CoA 

reductase), which takes part in liver synthesis of 

cholesterol. Recent research shows that statins reduce 

inflammation. Reduction of inflammation by statins is 

independent of statins ability to reduce cholesterol. 

Furthermore, anti-inflammatory effects of statins can be 

seen as early as two weeks after starting statin 

treatment.
15,16

 

In recent years, several studies have shown these 

positive effects of statins to be due both to their lipid 

lowering and to anti-inflammatory effect.
17

 Positive 

results in experimental efforts have been obtained 

through the anti-inflammatory efficacy of statins in 

numerous respiratory disease models such as smoking-

induced emphysema, asthma, Idiopathic Pulmonary 

Fibrosis (IPF), pulmonary hypertension, acute lung 

injury and lung transplantation. 

 

Materials and Methods 

Animals 

Thirty female Sprague–Dawley rats, 8 weeks old, 

weighting 200±25 g were purchased from the 

experimental research center, medical science university 

of Jundishapur (Iran, Ahvaz). Rats were housed in a 

specific cage in 24 h light/dark cycle and allowed with 

free access to water and food. All the ethical issues were 

considered based on the Ahvaz Medical University 

Ethical Protocols (AMUEP) on animal experiments. 

 

Reagents 

Atorvastatin was obtained from Exir pharmaceutical 

manufacturing company (Borujerd, Iran). Paraquat 

(methyl viologen) and other chemicals were purchased 

from Sigma Chemical Co. (St Louis, MO, USA). 

 

Experiment Protocols 

To investigate whether atorvastatin modulates paraquat-

induced pulmonary fibrosis, the rats were randomly 

divided into five experimental groups (six rats in each 

group). Group I, control group (saline), group II received 

a single oral dose of 20 mg/kg paraquat with no 

treatment and III, IV and V groups received atorvastatin 

at the doses of 10, 20, and 40 mg/kg/day orally one week 

before and three weeks after paraquat administration, 

respectively. The rats were sacrificed 21 days after 

paraquat. 

 

Body Weight and Lung Index 

In the course of the experiment, the body weight of rats 

was measured every 7 days. After sacrifice, the lung 

index was expressed as the ratio of wet lung weight (mg) 

to body weight (g). 

 

Lipid peroxidation assay 

The serum malondialdehyde (MDA) levels as a 

measurement of oxidative stress were determined by the 

method described by Hemmati.
18

 Values obtained were 

compared with a series of standard Solutions (1, 1, 3, 3-

tetraethoxypropane). The serum samples were obtained 

by collecting 1ml blood from the left ventricle, 

centrifuging at 1000g for 5min, and diluting 20 times 

with phosphate buffer solution (pH = 7.4). Results were 

expressed as µmol/L. 

 

Histopathological examination 

Rat lungs on day 21 after paraquat administration were 

inflated with a buffered 10% formalin solution for 24  h 

and embedded in paraffin. Sections (3 µm) were 

stained with hematoxylin and eosin for histological 

examination. The Ashcroft score was used for semi-

quantitative assessment of fibrotic changes. The 

severity of fibrotic changes in each histological section 

of the lung was assessed as the mean score of severity 

from observing microscopic fields. Twenty five fields 

in each rat lung section were analyzed. After 

examination of the whole fields of the section, the 

mean of the scores from all fields was considered as 

the fibrotic score. The entire lung section was reviewed 

at a magnification of ×100. A score ranging from zero 

(normal lung) to eight (total fibrosis) was assigned. 

The mean score of all fields was taken as a fibrosis 

score of that lung section. Criteria for grading 

pulmonary fibrosis were as follows: A grade 0 normal 

lung; 1=minimal fibrosis thickening of alveolar or 

bronchial walls; 2–3=moderate thickening of the walls 

without obvious damage to the lung architecture; 4–5= 

increased fibrosis with definite damage to lung 

architecture and formation of fibrotic bands or small 

fibrotic mass; 6–7=severe distortion of structure and 

large fibrotic are as; “honeycomb lung” was placed in 

this category and grade 8 indicates a total fibrotic 

change of the field. The mean score of all fields was 

taken as the fibrosis score of that lung section.
19

 

 

Hydroxyproline assay 

The lung hydroxyproline of the left lung was measured 

using a colorimetric assay on day 21 after paraquat.
20

 

In brief, the minced left lung lobes were homogenized 

in 6 molar HCl and hydrolyzed for five hours at 130°C. 

The pH was adjusted to 6.5–7.0 with NaOH, and the 

sample volume was adjusted to 30 ml with distilled 

water. The sample solution (1.0 ml) was mixed with 

1.0 ml of chloramine T solution (0.05 mol/L), and then 
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the mixture was incubated at room temperature for 20 

minutes. When 1.0 ml of 20% dimethyl benzaldehyde 

solution was added, the mixture was incubated at 60°C 

for 20 minutes. The absorbance of each sample at 550 

nm was measured. The results were calculated as mg 

hydroxyproline per g wet lung weight using 

hydroxyproline standards. 

 

Statistical analysis 

Data were expressed as mean±SEM. Statistical analysis 

was carried out by analysis of variance (ANOVA) 

followed by Tukey’s post hoc tests. All analyses were 

made using the SPSS version 16 and the probability 

value of less than 0.05 was considered as statistically 

significant. 

 

Results 

Lung indices 

The lung index (wet lung weight/body weight) in the 

control group was significantly lower compared with the 

paraquat group on day 28. However, the rats received 

atorvastatin (10 and 20 mg/kg) significantly lower lung 

index compared with the paraquat group (Figure 1). 

 

 
Figure 1. Effect of atorvastatin pretreatment at the doses of 10, 
20 and 40 mg/kg on lung index of rats in paraquat-induced 
pulmonary fibrosis. Each column represents mean lung index ± 
SEM. 

#
 A significant increase of the lung index in the paraquat 

group in comparison with the control group (P< 0.05).* A 
significant decrease of the lung index in atorvastatin groups at 
the doses of 10 and 20 mg/kg in comparison with the paraquat 
group (P< 0.05). 

 

Assessment of lung fibrosis by measurement of 

hydroxyproline 

Lung fibrosis was assessed by measuring the 

hydroxyproline content in lungs as an index of collagen 

accumulation. A comparison of hydroxyproline contents 

among the 5 groups was shown in Figure 2. Paraquat 

treatment produced a significant increase in the 

hydroxyproline levels. This increment was prevented by 

atorvastatin. 

 
Figure 2. Effect of pretreatment with atorvastatin at the doses of 
10, 20 and 40 mg/kg on hydroxyproline content in the lungs of 
rats with pulmonary fibrosis. Each column represents mean ± 
SEM of hydroxyproline;

 
a significant increase of hydroxyproline 

in paraquat group in comparison with the control group (
#
P< 

0.05); a significant decrease of hydroxyproline in atorvastatin 
groups in comparison with the paraquat group (*P< 0.05 and 
***p<0.001). 

 

The analysis of oxidative stress marker 

A significant rise was observed in MDA level in serum 

of rat exposed to paraquat which is an index of lipid 

peroxidation, when compared with the control group 

(#p < 0.001). As shown in Figure 3, the decrease in 

MDA level was observed in pretreated rats by 

atorvastatin (*p<0.05 and ***p<0.001). 

 

The light microscopic findings 

Photomicrographic evaluation of pulmonary fibrosis 

by infiltration of fibroblast, inflammatory cells and 

extracellular matrix showed grade 0 for control and 

grade 8 more prominent for paraquat group. The rat 

pretreated by atorvastatin showed grade 6-7 for the 

dose of 10 mg/kg of atorvastatin and grade 4-5 more 

evident for the lung photomicrographs in the dose of 

20 and 40 mg/kg of atorvastatin (Figure 4).  

 

Discussion 

This study inquired whether pretreatment and 

continuing treatment with atorvastatin might attenuate 

pulmonary fibrosis following paraquat administration 

in rat. Because inflammation and fibrosis are the two 

determinants of the development of pulmonary 

fibrosis, potentially beneficial anti-inflammatory and 

anti-fibrotic effects of atorvastatin on paraquat induced 

pulmonary fibrosis were measured. In this study, 

atorvastatin had the following effects in paraquat-

induced pulmonary fibrosis as a popular model of 

human pulmonary fibrosis: (a) attenuating the increase 

of inflammatory cells and hydroxyproline and collagen 

content in lung tissue, (b) alleviation of paraquat-

induced increases in the MDA levels that may be 

through an increase in antioxidant enzyme activities in 
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the damaged lung tissue of rats. Antioxidant treatments 

have been extensively investigated in human IPF and 

paraquat-induced lung fibrosis in rat. The rational for 

this approach presumes that the progressive fibrosis 

that characterized IPF results from chronic persistent 

inflammation. The existence of chronic inflammation 

in lung tissue ultimately leads fibrosis. However, 

aggressive suppression of this inflammation will block 

the subsequent accumulation of matrix proteins such as 

collagen formation, proliferation of fibroblasts and 

recruitment of inflammatory cells. Reduced MDA level 

of rats pretreated with atorvastatin may be suggest the 

antioxidant activity of the drug. It has been reported 

that statins exert anti-inflammatory effects in 

numerous tissues via the activation of peroxisome 

proliferator-activated receptors (PPARs), which 

regulates important cellular functions, such as glucose 

and lipid catabolism, cellular differentiation, 

proliferation and survival.
21-23

 Anti-proliferative and 

pro-apoptotic activity of atorvastatin has been viewed 

as a promising therapeutic target for bladder cancer.
24

 

Furthermore, the effects of statins, namely of 

atorvastatin, seem to be potentiated by cycloxygenase 

(COX) -2 inhibitors.
25

 These data suggest the role of 

inflammation in lung fibrosis and the putative 

relevance of preventive strategies based on anti-

inflammatory activity, such as demonstrated by 

atorvastatin in the present study. This observation may 

have significance for the present study because of 

pathobiological similarity between high altitude 

pulmonary edema and paraquat-induced lung fibrosis 

in which free radical formation may play an important 

role. Possible mechanism of the preventive role of 

atorvastatin on high altitude pulmonary edema seems 

to be its free radical scavenging activity. 

 

Conclusion 

The findings of the current study illustrate that 

paraquat administration resulted in lung fibrosis in rats 

via increased oxidative stress and atorvastatin 

significantly prevented the fibrosis events through its 

potent free radical scavenging and antioxidant 

properties. The data suggest that atorvastatin is a 

highly promising agent in protecting early lung tissue 

damage induced by paraquat exposure or in the 

treatment of IPF. 
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Figure 3. Effect of pretreatment with atorvastatin at the doses 
of 10, 20 and 40 mg/kg on serum MDA of rats with pulmonary 
fibrosis. Each column represents mean MDA ± SEM; a 
significant increase of MDA in paraquat group in comparison 
with the control group (

#
P< 0.05); a significant decrease of 

MDA in atorvastatin treated groups in comparison with the 
paraquat group (*P< 0.05 and ***p<0.001). 

 

 

 
Figure 4.The figures are representatives of the lungs from 
animals in each treatment group. Lung tissues were stained 21 
days after administration of paraquat in saline with H&E. 
Appearance of rat lungs in different groups: (A) control (B) 
paraquat (C) paraquat treated with 10 mg/kg atorvastatin (D) 
paraquat treated with 20 mg/kg atorvastatin and (E) paraquat 
treated with 40 mg/kg atorvastatin. Lung paranchyma of control 
is well-preserved and intact. Extensive interstitial infiltration and 
fibrosis showing in group (B). A marked prevention of the 
paraquat-induced histological changes was seen in the rat lungs 
in groups (D) and (E). 
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