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BACKGROUND: The most common cause of death from paraquat (PQ) poisoning is respiratory 

failure from pulmonary fi brosis, which develops through pathological overproduction of extracellular 
matrix proteins such as collagens. In this study, a MicroCT system was used to observe dynamic 
changes of pulmonary fi brosis in rats with PQ poisoning, and fi nd the characteristics of interstitial lung 
diseases via density-based and texture-based analysis of CT images of the lung structure.

METHODS: A total of 15 male SD rats were randomly divided into a control group (n=5) and a 

PQ poisoning group (n=10). The rats in the poisoning group were intraperitoneally administered with 
4 mg/ mL PQ at 14 mg/kg, and the rats in the control group were administered with the same volume 
of saline. The signs of pulmonary fi brosis observed by the MicroCT included ground-glass opacity, 
nodular pattern, subpleural interstitial thickening, consolidation honeycomb-like shadow of the lung.

RESULTS: Compared with the control group, the rats with acute PQ poisoning had different 

signs of pulmonary fibrosis. Ground-glass opacity and consolidation of the lung appeared at the 
early phase of pulmonary fi brosis, and subpleural interstitial thickening and honeycomb-like shadow 
developed at the middle or later stage. MicroCT images showed that fibrotic lung tissues were 
denser than normal lungs, and their density was up-regulated with pulmonary fi brosis. There was no 
difference in the progress of pulmonary fi brosis between the right lung and the left lung (P>0.05), but 
there were differences in fi brosis degree at different sites in the lung (P<0.05 or P<0.01). Pulmonary 
fi brosis was mainly seen in the exterior area of the middle-lower part of the lung.

CONCLUSION: Imaging can show the development of pulmonary fi brosis in PQ poisoning rats, 

and this method may help to administer drugs more reasonably in treating pulmonary fi brosis.
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INTRODUCTION
As an effective organic heterocyclic herbicide, 

1,1'-Dimethyl-4,4'-bipyridinium dichloride (paraquat, PQ) 

is also a lethal poison. In some developing countries, where 

paraquat is cheap and easily accessible, many people have 

taken it for suicide. PQ poisoning remains a global health 

problem. Despite studies and clinical practice in the last 

few decades, little improvement has been made in reducing 

the fatality of PQ poisoning , but there is a comparatively 

high mortality of patients with PQ poisoning.

The lung is the main target organ of PQ poisoning. 

PQ mainly accumulates in the lung (pulmonary 

concentrations can be 6 to 10 times higher than those in 

the plasma), where it is retained even when the blood 

concentration decreases. The most common cause of 

death from PQ poisoning is respiratory failure from 

pulmonary fi brosis, which develops through pathological 

overproduction of extracellular matrix proteins such as 

collagens.
[1]

 In this study, we used a micro-computed 

tomography (MicroCT) system to observe the dynamic 

changes of pulmonary fibrosis in PQ poisoning rats in 

vivo, and find the characterization of interstitial lung 

diseases via density-based and texture-based analysis of 

CT images of lung structure and function.
[2]
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METHODS
Animals and instruments

Fifteen clean male Sprague-Dawley rats, weighing 

204±10 g, were purchased from the Experimental Animal 

Center of the Fourth Military Medical University, and  

the certificate number was SCXK (Army) 2002-2005. 

The paraquat solution was purchased from Eastern 

Sichuan Chemical Co., Ltd. (Sichuan, China), and its 

active ingredient content was 200 g/L, with a production 

license XK 13-003-00058. Sodium pentobarbital was 

purchased from Shanghai Experiment Reagent Co., 

Ltd., China Medicine Group (Shanghai, China), and the 

MicroCT system was from Siemens (Munich, Germany).

Animal model of pulmonary fi brosis
This study was approved by the Committee of 

Laboratory Animal Care of the Fourth Military Medical 

Univeisity. One mL paraquat solution (concentration 20%) 

was diluted into 50 mL solution by mixing with sterile 

isotonic saline at a  concentration of 4 mg/mL. The SD rats 

were intraperitoneally administered with 4 mg/mL PQ at 

8, 10, 12, 14, 16, 18, 20 mg/ kg respectively to establish 

models of pulmonary fibrosis. The models were used 

to study the pharmacodynamics of PQ and observe the 

changes of lung injury at 4 weeks after injection. PQ injected 

intraperitoneally at 14 mg/kg showed the best result.

Fifty male SD rats were randomly divided into a 

control group (n=5) and a PQ poisoning group (n=10). 

The rats in the posioning group were intraperitoneally 

administered with 4 mg/mL PQ at 14 mg/kg, and the rats 

in the control group were administered with the same 

volume of saline. The rats were fed in an environment 

with a temperature of 24±2 °C and a humidity of 

60%±5%, where adequate food and water were provided 

and the stool of the rats was timely removed.

Parameters

Detection method
At 3, 7, 14, 28 days after injection of PQ, all rats were 

anesthetized intraperitoneally with 1% sodium pentobarbital 

at a dose of 40 mg/kg. The anesthetized rats were placed 

and fixed on the scanning table, and the MicroCT system 

was used to scan the lungs. The parameters of scanning 

were as follows: voltage 80 kVp and current 500 μA for a 

tube, exposure time 1000ms, scan mode 360°, incremental 

angle 1.0°; detector assembly mode 4×4; average frame 2, 

and scanning time about 12 minutes.

Observed parameters and division of region 

of interest (ROI)
The pulmonary fi brosis signs observed by the MicroCT 

included ground-glass opacity, nodular pattern, subpleural 

interstitial thickening, consolidation honeycomb-like 

shadow of the lung. ROI was defi ned as follows; the general 

location of horizontal crack and oblique crack of the right 

lung; both lungs divided into upper, middle, and lower parts 

on the coronal images of the lung and five zones with the 

same area which were drawn in each part of the lung and 

served as a determination area (Figure 1A); ten zones with 

the same area which were drawn in each lung and served as 

a determination area (Figure 1B).

Image evaluation
After the lung tissue was scanned by the Micro 

CT, the workstation automatically generated image, 

post-processing process was performed by installed 

software, and CT value was recorded. The differences 

of pulmonary fi brosis signs were compared between the 

four time points in the poisoning group, and between the 

poisoning group and the control group. The image was 

evaluated by two experienced radiologists.

Statistical analysis
All data were expressed as percentage or mean ± 

standard deviation, unless indicated. When the two groups 

(the upper and lower parts of unilateral lung) were compared, 

Student's t est was used for statistical analysis. Statistical 

Figure 1. The division of ROI.  A: fi ve zones with the same area in each part of the lung and served as a determination area; B: ten zones with 
the same area in each lung and served as a determination area.
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analysis were performed using the Statistical Package for the 

Social Sciences (SPSS) version 12.0 software. A P value less 

than 0.05 was considered to be statistically signifi cant.

RESULTS
Pulmonary fi brosis signs

The images of pulmonary fibrosis signs are shown in 

Figure 2. The five above-mentioned pulmonary fibrosis 

signs appeared differently at four time points (Table 1). 

About 83.3% ground-glass opacity and 77.8% consolidation 

of the lung developed at 3 and 7 days after treatment, 

about 66.7% nodules developed at 7 days after treatment, 

about 66.7% subpleural interstitial thickening developed 

at 14 days after treatment, and all honeycomb-like shadow 

developed at 14 and 28 days after treatment (Table 1).

CT values of ROI in coronal image
CT values of ROI in coronal image are shown in 

Time (days)Opacities Nodule Thickening Consolidation Honeycomb

  3 3 (50) 0 (0) 0 (0) 4 (44.4) 0 (0)

  7 5 (83.3) 2 (66.7) 1 (33.3) 7 (77.8) 0 (0)

14 6 (100) 3 (100) 3 (100) 8 (88.9) 1 (50)

28 6 (100) 3 (100) 3 (100) 9 (100) 2 (100)

Table 1. The signs of pulmonary fibrosis at 3, 7, 14, 28 days after 

treatment (no.%)

Figure 2. The signs of pulmonary fi brosis. A: ground-glass attenuation (arrow head); B: nodule (arrow head); C: subpleural interstitial thickening; 
D: consolidation (bold arrow) and honeycomb lung (slimsy arrow head).

Table 2. These values were close to zero with the time; 

no difference was observed in the CT values of the same 

part between the left and right lungs (P>0.05). Three 

days after treatment, significant difference was seen 

between the middle , lower and upper parts (P<0.05), 

but no difference between the middle and lower parts in 

the same lung (P>0.05).

CT values of ROI in cross-sectional image
CT values of ROI in cross-sectional image are shown 

in Table 3. These values were  close to zero with the 

time. Except in the peripheral part, no difference was 

seen in the CT values of the same part between the left 

and right lungs (P>0.05). Except 3 days after treatment, 

signifi cance difference was found between the peripheral 

and central parts in the same lung (P<0.01).

DISCUSSION
Cone-beam microCT is one of the most popular 

choices for small animal imaging which is an important 

tool for studying animal models with transplanted 

diseases. Region-of-interest (ROI) imaging techniques 

in CT, which reconstruct an ROI image from the 

projection data of ROI can be used not only for reducing 

imaging-radiation exposure to the subject and scatters 

to the detector but also for potentially increasing spatial 
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resolution of the reconstructed images. Increasing spatial 

resolution in microCT images can facilitate improvement 

of accuracy in many assessment tasks.
[3-5]

 MicroCT can be 

applied in scanning for minimally invasive, longitudinal 

observations of in vivo pathological changes associated 

with a variety of pulmonary disease models. It is suitable 

for repeated measurements of the same animal over time. 

This approach could be used to make baseline evaluation 

in each animal before fi brosis is induced. Then the fi brosis 

is confirmed before treatment  and potential treatment 

effects are subsequently evaluated. The technique has 

replaced  invasive histological evaluation.

Based on the X-ray attenuations obtained from 

different angles, a cross-sectional image of the body can 

be calculated.
[6]

 Each pixel of the reconstructed image is 

defined as an X-ray attenuation value (also called a CT 

number) which is expressed in Hounsfield Units (HU). 

The Hounsfi eld scale is calibrated in a way that yields 0 

HU for water and -1000 HU for air. CT numbers within 

one cross-section of the body can thus range from  -1000 

(e.g., the lungs) to several thousand HU (e.g., bone or 

metal).
[7,8]

 MicroCT has become a useful tool to detect 

the relevant position of lesions by illustrating density 

contrast between the lesions and normal tissues nearby
[8,9]

 

and to assess the severity of the lesions. For example, 

pulmonary fi brosis can be quantifi ed by detecting which 

part of the lung is out of the range of specifi c density or 

appropriate Hounsfi eld unit.
[8,10]

 

Although the mortality of PQ poisoning has been 

improved, many patients die of  progressive pulmonary 

fibrosis and respiratory failure.
[11]

 Pulmonary fibrosis 

as a secondary effect of other diseases can be classified 

as interstitial lung diseases like autoimmune disorders, 

viral infections or microscopic injuries to the lung. 

Diseases and conditions that may cause pulmonary 

fibrosis as a secondary effect are as follows: (1) 

inhalation of environmental and occupational pollutants 

such as asbestosis, silicosis and exposure to certain 

gases in coal miners, ship workers and sand blasters. 

Hypersensitive pneumonitis resulting from inhaling 

dust contaminating with bacterial, fungal, or animal 

products; (2) cigarette smoking increasing the risk or 

making the illness worse; (3) some typical connective 

tissue diseases such as rheumatoid arthritis, SLE and 

scleroderma; (4) other diseases involving connective 

tissues such as sarcoidosisand Wegener's granulomatosis; 

(5) infections; (6) certain medications, e.g. amiodarone, 

bleomycin, busulfan, methotrexate, and nitrofurantoin; 

and (7) radiation therapy to the chest. In addition, 

the activation of fibroblasts increases proliferation 

and promotes fibroblast differentiation into collagen-

producing myofi broblasts,
[15]

 and the balance of collagen 

metabolism is destroyed. This also contributes to the 

development of pulmonary fi brosis.
[16-22]

Our study showed the CT images of the rats with 

acute PQ poisoning had different signs of pulmonary 

fibrosis, more signs developed with the poisoning time, 

and mainly appeared at one week after treatment. In 

general, ground-glass opacity and consolidation of the 

lung appeared at the early phase of pulmonary fibrosis, 

and the subpleural interstitial thickening and honeycomb-

like shadow developed at the middle or later stage.
[23]

 

In MicroCT images, fibrotic lung tissues were denser 

than normal lungs, and their density was up-regulated 

Groups n
Right lung Left lung

upper middle lower upper middle lower

Control 25 708.93±19.55 712.51±32.97 712.69±23.24 716.64±24.58 712.28±20.95 714.55±24.92

Poisoning (days)

    3 50 616.14±7.99 614.48±10.24 614.30±9.43 615.21±9.22 615.75±9.29 612.39±9.58

    7 50 521.33±12.05 515.52±13.60
Δ

514.18±14.05
▲

519.36±12.44 512.83±10.25
ΔΔ

512.01±11.91
▲

  14 50 325.99±10.04 317.88±9.29
ΔΔ

319.20±9.46
▲

323.19±11.24 316.30±9.16
ΔΔ

317.48±8.15
▲

  28 50 198.82±5.82 189.91±4.97
ΔΔ

188.24±4.38
▲

202.13±3.73 189.10±5.36
ΔΔ

186.73±4.32
▲

Table 2. CT values of ROI in coronal image (mean±SD, negative values)

Compared between the upper and middle parts of the same lung, 
Δ
P<0.05, 

ΔΔ
P<0.01; compared between the upper and lower parts of the same lung, 

▲
P<0.01; compared between the middle and lower parts of the same lung, P<0.05.

Groups n Right central part Left central part Right peripheral part Left peripheral part

Control   50 709.34±11.52                      711.02±13.16 712.44±12.06 711.76±13.04

Poisoning (days)

    3 100 618.09±9.36                        620.31±10.01 615.98±8.91 616.02±8.78
▲

    7 100 520.65±8.29                     521.37±7.92 516.02±9.33
▲

513.27±8.61
Δ▲

  14 100 325.01±8.99                     322.78±10.20 318.74±9.71
▲

319.06±9.12
▲

  28 100 199.38±11.06                     200.07±9.51 189.41±8.87
▲

187.58±9.26
▲

Table 3. CT values of ROI in cross-sectional image (mean±SD, negative values)

Compared between the right and left lungs, 
Δ
P<0.01; compared between peripheral and central parts within the same lung, 

▲
P<0.01.
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by pulmonary fi brosis. Analysis of the CT data revealed 

that there was no difference in the progress of pulmonary 

fibrosis between the right and left lungs (P>0.05), but 

there were differences in  fi brosis degree at different sites 

of the lung (P<0.05 or P<0.01). Pulmonary fibrosis is 

mainly distributed in the exterior area of the middle and 

lower parts of the lung.

In this study, imaging was used to observe the 

development of pulmonary fi brosis in PQ poisoning rats, 

and this method may be helpful to administrate drugs 

more reasonably in treating pulmonary fi brosis. 
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