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Background/Aims: This study tested the hypothesis that prolonged low-dose cy-
clophosphamide (CTX) treatment after pulse therapy attenuate paraquat (PQ)-in-
duced lung injury in rats. 
Methods: PQ (25 mg/kg) was administered intraperitoneally to induce PQ-in-
toxicated rat model. The rats were randomly divided into four groups: control 
group (1 mL/day saline solution for 14 days), PQ group (1 mL/day saline solution 
for 14 days after PQ exposure), pulse group (15 mg/kg/day CTX in 1 mL of saline 
solution for 2 days and subsequent 1 mL/day saline solution for 12 days), and pro-
longed low-dose group (15 mg/kg/day CTX in 1 mL of saline solution for 2 days 
and subsequent 1.5 mg/kg/day CTX in 1 mL of saline solution for 12 days). A 14-
day follow-up was conducted to determine the survival rat, and lung hydroxypro-
line (HYP), wet-to-dry weight ratios (W/Dc) and histopathological changes were 
evaluated.
Results: Results showed similar survival rate (55% vs. 50%, p > 0.05) between pro-
longed low-dose and pulse groups. Lung W/Dc (4.94 ± 0.38 vs. 5.47 ± 0.28, p < 0.01), 
HYP (3.34 ± 0.29 µg/mg vs. 3.65 ± 0.19 µg/mg, p < 0.001), and fibrosis score (2.69 ± 
0.84 vs. 3.13 ± 0.63, p < 0.05) were lower in prolonged low-dose group than those in 
the pulse group. 
Conclusions: These findings suggested prolonged low-dose CTX treatment after 
pulse therapy could attenuate PQ-induced lung injury in rats.
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Prolonged low-dose cyclophosphamide treatment 
after pulse therapy attenuates lung injury in rats 
with paraquat intoxication 
Jie Gao*, Shunyi Feng*, and Yong Li

INTRODUCTION

Paraquat (PQ; 1,10-dimethyl-4,40-bipyridinium dichlo-
ride) is a highly toxic compound, and its use is rigorous-
ly restricted in many industrialized countries, such as the 
United States, South Korea, and the members of the Eu-
ropean Union. Nevertheless, PQ is still widely used as an 
herbicide in many developing countries worldwide. Sev-
eral cases of acute poisoning and even death due to this 
compound have been reported over the past few decades 

[1,2]. The lung is a main target organ because PQ is actively 
taken up by the alveolar epithelium, which causes pulmo-
nary injury by acute intoxication or long-term accumula-
tion [3,4]. The mechanism of PQ toxicity involves a series 
of cyclic reduction-oxidation reactions inducing many 
inflammatory agents, which eventually become progres-
sive lung fibrosis; this mechanism plays an essential role 
in producing lethal hypoxemia after PQ poisoning [5,6].

Cyclophosphamide (CTX) is an alkylating agent with 
cytotoxic and immunosuppressive properties. CTX, ei-
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ther as a sole agent or in combination with glucocorti-
coids, is frequently used to treat a variety of inflamma-
tory and fibrosis conditions [7,8]. Although prolonged 
low-dose CTX provides potential benefits in previous 
case and nonrandomized trials with a small sample size 
[9-12], the possibility of spontaneous recovery is undeter-
mined. Given the lack of strong evidence of prolonged 
low-dose CTX therapy for PQ-induced lung injury, the 
beneficial effects are still unknown.

In the present study, we determined whether the pro-
longed low-dose CTX treatment after pulse could at-
tenuate PQ-induced lung injury in rats. This study also 
aimed to observe its potential protective effects through 
survival rate, lung wet-to-dry weight (W/Dc), hydroxy-
proline (HYP) content, and fibrosis score.

METHODS

Chemicals
HYP was purchased from Sigma-Aldrich Chemical 
Company (St. Louis, MO, USA). PQ was obtained from 
Syngenta Chemical (Jiangsu, China). CTX was purchased 
from Suncadia Pharma (Jiangsu, China).

Animals 
Eighty healthy Wistar rats (200 to 250 g) from the Exper-
imental Animal Center were acclimatized to our labo-
ratory environment for 7 days. All rats were kept under 
environmentally controlled conditions in an air-condi-
tioned room at 23°C ± 2°C, with appropriate humidity 
and a 12-hour:12-hour light:dark cycle. These rats were 
fed with standard rat food and water ad libitum. This 
study was carried out in strict accordance with the rec-
ommendations in the Guide for the Care and Use of 
Laboratory Animals of the National Institute of Health. 
All experimental protocols were approved by the Ethics 
Committee of Cangzhou Central Hospital, China (Per-
mit Number: 2016-110-02). All surgery was performed 
under sodium pentobarbital anesthesia, and all efforts 
were made to minimize suffering.

Experimental design
PQ poisoning model was established by intraperitoneal 
injection with 1 mL of 25 mg/kg [13,14] body weight of 
PQ solution; after 60 minutes, the drug or saline solu-

tion was administered to the animals through intraper-
itoneal injection. Based on the results from the existing 
literature regarding the administration to PQ-intoxi-
cated rats, we defined pulse treatment as 15 mg/kg/day 
CTX for 2 days [15,16] and prolonged low-dose therapy 
as 1.5 mg/kg/day CTX for 12 days [16,17]. The rats were 
randomly divided into four groups, and each group 
contained 20 rats. In the control group, rats were intra-
peritoneally injected with 1 mL/day saline solution for 
14 days. In the PQ group, rats were intraperitoneally in-
jected with 1 mL/day saline solution for 14 days after PQ 
exposure. In CTX pulse group, PQ-intoxicated rats were 
intraperitoneally injected with 15 mg/kg/day CTX in 1 
mL of saline solution for 2 days and subsequent 1 mL/
day saline solution for 12 days. In prolonged low-dose 
group, PQ-intoxicated rats were intraperitoneally in-
jected with 15 mg/kg/day CTX in 1 mL of saline solution 
for 2 days and subsequent 1.5 mg/kg/day CTX in 1 mL of 
saline solution for 12 days. All animals were sacrificed 15 
days after PQ exposure.

Sample collection 
Prior to the sacrifice by cervical dislocation, rats were 
anesthetized with phenobarbital sodium (intraperitone-
al injection 50 mg/kg). Subsequently, these rats under-
went median sternotomy. The whole lungs (including 
both lobes) was dissected, separated from other tissues, 
washed free of blood with ice-cold saline, and placed on 
a sterile plastic Petri dish. Afterward, the left lung lobes 
of the animal lungs were preserved in 10% buffered 
formaldehyde solution for histopathological assess-
ment. The right upper lung tissues were preserved for 
W/Dc ratio assay, and the right lower lung tissues were 
frozen in liquid nitrogen for HYP assay. 

W/Dc ratio assay 
When blood and other contaminants were removed, the 
right upper lung tissue was weighed, dried in a drying 
oven at 60°C for 72 hours, and weighed again accord-
ing to the method of Oliveira [18]; the W/Dc ratio is ex-
pressed as the ratio of wet lung weight (mg) to dry lung 
weight (mg). 

HYP assay
Lung collagen deposition was estimated by measuring 
the HYP content of lung homogenates in accordance 
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with a previously described method [19]. Results are ex-
pressed in µg HYP per mg wet lung.

Histological assay
The left lung lobe samples were fixed in 10% forma-
lin for 24 hours, embedded in paraffin, and sectioned 
(thickness, 4 µm). Slides were stained with hematoxylin 
and eosin. Slides were examined under light microscope 
(CX31, Olympus, Tokyo, Japan). The entire lung section 
was observed at a magnification of ×100. The severity 
of fibrotic changes was assessed by using a semiquan-
titative scoring system from zero (normal lung) to eight 
(total fibrosis) [20]. Five randomly selected microscopic 
observation fields of each lung histological section were 
evaluated and scored independently by two investiga-
tors in blinded manner.

Data analysis
All of the data were statistically analyzed using SPSS 
version 19.0 (IBM Co., Armonk, NY, USA). The statisti-
cal significance of the difference between four groups 
of individual data (lung W/Dc ratio, HYP content, and 
histological score) was analyzed by one-way analysis 
of variance with Bonferroni post-tests for comparison 
between groups. Survival rates were analyzed using Ka-
plan-Meier method and compared using log-rank test. 
Lung W/Dc ratio, HYP content, and histological score 
are expressed as mean ± standard deviation. Statistical 

significance was defined as p < 0.05.

RESULTS

Survival rate of rats
At 15 days post-PQ exposure, the survival rates were 
100%, 20%, 50%, and 55% in the control, PQ, pulse, and 
prolonged low-dose groups (Fig. 1). Survival rates were 
higher in the prolonged low-dose group (p < 0.05) and 
pulse group (p < 0.05) compared with that in the PQ 
group. The survival rates in the prolonged low-dose 
group were similar to those in the pulse group (p > 0.05). 

W/Dc ratio
At 15 days post-PQ exposure, the W/D ratios were 4.12 ± 
0.37, 6.16 ± 0.37, 5.47 ± 0.28, and 4.94 ± 0.38 in the control, 
PQ, pulse, and prolonged low-dose groups, respectively 
(Fig. 2). The W/D ratios in the prolonged low-dose group 
(p < 0.001) and pulse group (p < 0.01) were lower than that 
in the PQ group. These ratios were lower in the pro-
longed low-dose group compared with that in the pulse 
group (p < 0.01). 

HYP content
At 15 days post-PQ exposure, the HYP content in the 
prolonged low-dose group was 3.34 ± 0.29 µg/mg, which 
was significantly lower than those in the pulse (3.65 ± 
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Figure 1. Survival rate analysis. Survival rates were estimat-
ed by the Kaplan-Meier method and compared by a log-rank 
test. Survival analysis results demonstrated a similar sur-
vival rate for prolonged low-dose group compared with the 
pulse group (p > 0.05).
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Figure 2. Effect of cyclophosphamide on wet-to-dry ratio. 
These ratios were lower in the prolonged low-dose group 
compared with that in the pulse group (p < 0.01). ap < 0.001 
compared with the control group, bp < 0.01 and cp < 0.001 
compared with the paraquat group, dp < 0.01 compared with 
the pulse group.
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0.19 µg/mg, p < 0.001) and PQ groups (4.67 ± 0.12 µg/mg, 
p < 0.001) (Fig. 3).

Histological studies
At 15 days post-PQ exposure, the lung fibrosis score in 
the prolonged low-dose group was 2.69 ± 0.84, which was 
significantly lower than those in the pulse (3.13 ± 0.63, p < 
0.05) and PQ groups (4.29 ± 0.47, p < 0.001) (Figs. 4 and 5).

DISCUSSION

Lung injury is one of the most common and severe clin-
ical sequelae of PQ poisoning, which is responsible for 
high mortality [3]. To date, no strong evidence is available 
about prolonged low-dose treatment after pulse therapy 
of CTX attenuating and/or reversing PQ-induced lung 
injury. In the present study, our result suggested that 
prolonged low-dose CTX after pulse therapy exerts a 
protective effect against PQ-induced lung injury.

In the 1980s, some studies used a CTX dose of 5 mg/
kg for PQ poisoning, and other investigations admin-
istered CTX at a dose of 15 mg/kg [21]. Given the small 
number of cases of PQ poisoning in the literature and 
the nonrandomized controlled trial, the use of CTX for 
PQ poisoning is still considered an experimental ther-
apy. In 2013, Choi et al. [22] first approved that a CTX 
dose of > 15 mg/kg is effective in reducing the severity of 
PQ-induced lung injury, as determined by histological 

and micro-computed tomography tissue examination 
in a rat model. These results are consistent with our his-
tological finding. However, limited evidence exists re-
garding the appropriate therapeutic dose and duration 
of treatment. 

Confronted with delayed elimination of PQ [23,24], 
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Figure 4. Effect of cyclophosphamide on lung fibrosis score. 
The lung fibrosis score in the prolonged low-dose group was 
significantly lower than those in the pulse group (p < 0.05). 
ap < 0.001 compared with the control group, bp < 0.001 com-
pared with the paraquat group, cp < 0.05 compared with the 
pulse group. 

Figure 5. Effect of cyclophosphamide on pathological chang-
es in lung tissue at 15 days post-paraquat injection (×100). (A) 
A normal lung structure and no evidence of increased alve-
olar wall thickness, hemorrhage, or cellular infiltration in 
control group. (B) Numerous inflammatory cells infiltrating 
the alveolar septum and spaces together with hemorrhage 
and congestion in paraquat group. (C) A mild decrease in in-
flammatory cell infiltration and alveolar wall thickness from 
panel in pulse group. (D) A marked decrease in inflammato-
ry cell infiltration and alveolar wall thickness from panel in 
prolonged low-dose group.
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Figure 3. Effect of cyclophosphamide on hydroxyproline. 
The content in the prolonged low-dose group was lower 
than those in the pulse group (p < 0.001). ap < 0.001 com-
pared with the control group, bp < 0.001 compared with the 
paraquat group, cp < 0.001 compared with the pulse group.
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which results in progressive lung damage, some studies 
adopted prolonged low-dose administration of CTX. Li 
et al. [25] demonstrated that prolonged CTX could re-
duce mortality and alleviate lung fibrosis. Nevertheless, 
this study is a retrospective research with a small sample 
size and short-term follow-up, which cannot completely 
eliminate bias. Prolonged low-dose CTX is commonly 
combined with glucocorticoid to attenuate lung inflam-
mation and fibrosis in clinical. However, clinical study 
results are conflicting; specifically, some studies sug-
gested a benefit for prolonged CTX combined with glu-
cocorticoid [9-12], and other investigations failed to de-
termine any significant difference in survival and lung 
fibrosis [26]. As described in a previous report [27], we 
hypothesize that initial CTX pulse therapies are import-
ant for rapidly suppressing PQ-induced inflammation. 
Moreover, prolonged low-dose CTX treatment is neces-
sary for the progressive and sustained reduction of in-
flammation to reduce the toxic effect of PQ and prevent 
lethal pulmonary inflammation. In addition, in contrast 
to high-dose immunosuppression, low-dose CTX treat-
ment is inexpensive, has low toxicity, and easily admin-
istered. However, all patients should be carefully moni-
tored during the therapeutic period.

The present study displays several limitations. First, 
this study failed to observe adverse effects, including 
dose-related leukopenia, hemorrhagic cystitis, infertili-
ty, secondary malignancies, and pulmonary toxicity [28]; 
these effects are commonly reversible, and they disap-
pear when the CTX is discontinued. In addition, our re-
search involves a small number of animals and a short-
term observation.

In conclusion, the current study is the first to suggest 
that prolonged CTX may attenuate the PQ-induced lung 
injury. However, further studies are needed to deter-
mine whether prolonged low-dose CTX could be used 
to protect against PQ-induced lung toxicity in humans.

KEY MESSAGE

1. Prolonged low-dose cyclophosphamide (CTX) 
is an effective treatment in paraquat (PQ) in-
toxicated rats.

2. Prolonged low-dose CTX attenuates PQ-in-
duced lung injury. 
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