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Abstract

Purpose: Paraquat is one kind of widely used herbicide with highly toxic compound, which is severely
harmful for human and animals. Acute poisoning cases occurred frequently, and the fatality rate
increases year by year because there is no effective antidote. This study investigated whether coumarin
of Angelicae dahuricae can reduce paraquat induced lung damage in mice.

Material and methods: We hypothesize that Coumarin of Angelicae dahuricae (CAD) may have a
protective effect of Acute Lung Injury (ALI) in mice, so we adopt ALI-caused by paraquat injection
infected mice models, observed the mice after PQ infected with CAD protection affects animal mortality
rates and the pathological changes of lung tissue, as well as for various oxidase in lung tissue
homogenate and influence of the content of inflammatory cytokines in the CAD on the ALI-induced by
paraquat protection research. Adult male mice were chosen and divided into 3 groups-control, paraquat
and paraquat+coumarin of Angelicae dahuricae, mice in paraquat and paraquat+coumarin of Angelicae
dahuricae (120 mg/kg) group received paraquat (50 mg/kg) daily for three weeks.

Results: As expected, paraquat could lead to significant changes of shape and structure of the lung.
Coumarin of Angelicae dahuricae attenuated paraquat induced morphological damage of lung of
experimental animals.

Conclusion: Our results showed that coumarin of Angelicae dahuricae could decrease the toxic effect of

paraquat in lung.
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Introduction

Paraquat  (referred to as 1, 1’-dimethyl-4, 4’-
dipyridiumdichloride, PQ) is a common widely used, rapid
herbicide in developing countries which has caused thousands
of death accidentally or intentionally characterized by multi
organ failure [1,2]. For people, oral 20-40 mg/kg PQ aqueous
solution could be fatal, if not treated; mortality could be as
high as 50%. According to the survey, lung become a critical
target organ during the paraquat poisoning, and is the main
cause of death compared with other organ dysfunctions [2,3].
The physiological hallmark about the ALI caused by paraquat
is edema, interstitial inflammation, hemorrhage and
proliferation of bronchial epithelial cell [4]. The mechanism of
PQ poisoning is not yet fully understood by scientists and
researchers, but now it is widely accepted that main potential
mechanism of paraquat leading to toxicity is oxidative stress
which directly damages the cells by oxygen free radicals or
indirectly damage vital cellular constituents by inflammatory
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cells and fibroblasts resulting in lung failure [5,6].
Physiologically, acute lung injury caused by PQ poisoning
show severe acute inflammatory response and neutrophilic
alveolitis [7,8] and result in persistent respiratory failure,
thereby increasing probability of multiorgan dysfunction and
mortality [9].

Currently, the treatment of ALI induced by paraquat has no
specific antidote. Support treatment is still the main method,
and curative effect is poor. Some new methods, such as novel
antioxidant, paraquat specific antibody, pulmonary surfactant,
immunosuppressant, hemoperfusion and continuous venous
hemofiltration have made some progress [10-14]. In recent
years, many researchers have been trying to use traditional
western medicine, Chinese medicine and combined therapy of
Chinese and western medicine to treat ALI-induced by
paraquat [15]. Park et al. reported the effect of sivelestat on
acute lung injury in paraquat-intoxicated rats and they found
that this drug can at least partially reduce lung injury by
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inhibiting neutrophil infiltration and TNF-o secretion [16].
Zhang and Ding’s research group thought and designed a study
to investigate the protective effects of salidroside on rat ALI-
induced by PQ via suppressing the expression of TGF-f1 [17]
because the traditional Chinese medicines have the advantages
of widely distributed, effective ingredients not easy to be lost,
fewer side effects, their application in treatment of ALI-
induced by PQ is increasingly favored by people in recent
years.

Coumarins are an elite class of compounds which has varieties
of therapeutic activities including antioxidant, anti-
inflammatory, antitumor, antiviral, antituberculosis and
antimicrobial. Radix Angelicae dahuricae, is the roots of
Angelicae dahuricae which is an important member of
traditional Chinese Herbs (TCH). It is a well-known in China
for treatment of colds, headaches, toothache, coryza, trauma
and leukorrhea, etc. Recently, it is reported that the main exact
coumarins of the Radix Angelicae dahuricae is to be a major of
the herb which exerts a definite anti-inflammatory effect [18].

In this work, we hypothesize that Coumarin of Angelicae
Dahuricae (CAD) may have a protective effect of ALI in mice,
so we adopt ALI induced by paraquat injection infected mice
models, observed the mice after PQ infected with CAD
protection affects animal mortality rates and the pathological
changes of lung tissue, as well as for various oxidase in lung
tissue homogenate and influence of the content of
inflammatory cytokines in the CAD on the ALI induced by
paraquat protection research.

Materials and Methods

Experimental animals

Adult mice (male, body weight 18-20 g) were obtained from
the Animal Centre of China Academy of Medical Sciences in
Beijing (China) and they were kept in the controlled light room
with a temperature of 20-24°C, whose cycle time of light/dark
is 12 h. All mice were fed on a standard diet in the laboratory.
The research protocol followed the rule of Animal Care and
Use Committee at Xi’an Jiaotong University.

Chemicals

Paraquat was purchased from Sigma-Aldrich Trading Co., Ltd
(Shanghai, China). Coumarins of Angelicae dahuricae (CAD)
was extracted from the root of Radix Angelicae Dahuricae
according to the reference by 65% ethanol. All other drugs and
reagents were obtained from the above Sigma-Aldrich Trading
Co., Ltd (Shanghai, China) unless otherwise stated. The source
of chemicals and solvents used were analytically pure.

Dose regimen

Three groups were randomly set up for all mice: control, PQ
and drug treatment group. These mice in control group
received intraperitoneally injections with physiological saline.
PQ group and drug treatment group were received injected
intraperitoneally injection of 50 mg/kg PQ. CAD was used to
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rescue mice of PQ poisioning in drug treatment group. The
drug treatment group mice were injected intraperitoneally 50
mg/kg of PQ followed by 120 mg/kg of CAD daily for 21
days.

Histopathology

One third of lung of mice were collected for histopathologic
examination in all groups and the rest of the lung was kept
under -80°C. The samples were then preserved in 10% neutral-
buffered formalin and were embedded in paraffin, finally
sectioned. Hematoxylin and Eosin staining (HE) was
performed to determine the inflammatory changes of the lung
tissue. Finally, the sections were examined with a light
microscope.

Oxidation index determination

The rest of lung was homogenated and centrifugated for
detection of other parameters according to the instructions of
corresponding ELISA kits and Automatic microplate reader
and instructions on the wuse of the ultraviolet
spectrophotometer, respectively to the lung tissue homogenate
of Malondialdehyde (MDA), lactate Dehydrogenase (LDH),
Myeloperoxidase (MPO), interleukins 1B, 6, 8 and the
determination of the content of TNF alpha indicators.

Western blotting

Homogenised the lung tissues of the three groups in lysis
buffer containing protease inhibitors respectively, and used the
Bradford reagent to determine the protein concentrations.
Samples containing 30 pg protein per lane were
electrophoresed by 10% SDS-Polyacrylamide Gels (PAGE),
then transferred onto Polyvinylidene Fluoride (PVDF)
membranes by electroblotting and incubated overnight at 4°C.
Next, the protein levels were detected by the use of dilutions of
the primary antibodies. These membranes were incubated with
the followed Horseradish Peroxidase (HRP)-conjugated
secondary antibodies, meanwhile through an enhanced
chemiluminescence reagent (Millipore, USA) the bound
antibodies were visualized, and then were quantified via
densitometry by using ChemiDoc XRS+ image analyzer (Bio-
Rad, USA).

Statistical analysis

For all the qualitative data, their values were expressed as
means * Standard Deviation (SD). Comparisons between
groups were analysed by using One-Way ANOVA analysis
followed by LSD test. value of less than 0.05 was considered
to indicate a statistically significant difference.

Results

External symptoms

As shown in Figure 1A, control group of mice lung biopsy
under light microscopy showed no apparent structural
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abnormalities. In the PQ model group (Figure 1B), when mice
were treated with PQ, congestion and irregular structure
arrangement were observed in the capillaries of alveolar walls,
and the capillaries in the mice lung tissue also showed
congested due to the significant increase of neutrophils.
Moreover, lung septa also became thickened. In addition, a
large number of red blood cells appeared in alveolar cavities.
While in the drug treatment group (Figure 1C), the
pathological changes of the CAD intervention group and model
group were similar, but there was a distinct improvement the
inflammatory cell infiltration in the tissue stroma than the
model group.

Figure 1. Some light micrographs of lung tissues from mice in
different groups. CAD attenuated PQ-induced acute lung injury.

Effect of CAD treatment on MDA and MPO

Compared with model group, in CAD intervention group the
MDA vitality in lung tissue homogenate of mice was decreased
significantly, but still higher than that in control group. In
addition, MPO activity of the mice lung tissue in CAD
intervention group could be significantly decreased, similar to
the MDA vitality and also higher than that in control group
(Figures 2B and 2C).
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CAD against PQ-induced inflammation

To detect effect of PQ on the inflammation factors, we
examined the levels of several interleukins (that is IL-1, IL-6
and IL-8) in the peripheral blood. Our data showed that the
above inflammatory factors were obviously elevated in the PQ
group compared with in the control group (seen as Figure 3,
P<0.05). After PQ administration, the increased tendencies of
IL-1B, IL-6 and IL-8 were significantly inhibited when the
mice were treated with CAD (P<0.05), indicating that CAD
could attenuate the inflammation reaction stimulated by PQ
treatment.
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Figure 2. Effects of CAD on levels of MDA (A), LDH (B), and MPO
(C) in lung homogenate of mice from different groups.
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Figure 3. The Effects of CAD against PQ-induced pulmonary
inflammation. The expressions of 1L-1f (A), IL-6 (B), IL-8 (C), and
TNF-o. (D) in lung tissues of mice from different groups were shown.

CAD inhibited the expression of NF-xB and HIF-1a
proteins in PQ-induced lung tissue

Next, in order to assess and explore the potential role of CAD
in PQ-induced ALI, the authors also measured and determined
the levels of NF-xB and HIF-la proteins in the mice lung
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tissue of PQ-induced ALI mice by the mean of western blotting
after paraquat challenge. The results displayed that the
expressions of NF-kB and HIF-lo were increased by PQ
stimulation, while notably; CAD pre-treatment could
significantly reduce the expression of NF-xB and HIF-la
proteins in the injured lung tissues. The results are illustrated in
the Figure 4.
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Figure 4. CAD regulated expressions of NF-kB and HIF-1o in lung
tissues of mice from different groups were shown. PQ stimulation
enhanced the expression of NF-kB and HIF-1a, and CAD treatment
significantly neutralizes the effects of PQ stimulation.

Discussion

Paraquat (Gramoxone, 20% solution), whose lethal dose is
5-15 ml. It can be absorbed by the gastrointestinal tract, skin,
and respiratory tract, resulting in lipid peroxidation of tissue
membrane, especially lung tissue damage. The clinical
manifestations were multiple system damage and high
mortality rate. It is known that even tiny amounts of paraquat
by oral ingestion can lead to irreversible lung and other organs’
damage and as yet refractory to any known therapeutic
methods [19]. PQ-induced poisoning could lead to liver
toxicity by testing the expression of liver enzymes, the level of
jaundice and histopathological changes [20]. Some reports are
about that pathological changes were also found in the liver
and kidney at high doses of paraquat [21]. In addition, a
mouthful of the paraquat used to induce pulmonary fibrosis
and follows on death from renal tubular necrosis and
circulatory failure [22]. Paraquat is accumulated in the
epithelial cells of lung and kidney in several experiments,
eventually leading to renal failure and pulmonary fibrosis [23].
In our study, the protective effect of CAD against toxic PQ was
induced in some examined mice lungs. CAD prevents the
subsequent histological damage of lung tissues. In a word,
CAD maybe plays a chemopreventive role on paraquat
poisoning. So, considering CAD with the capability of
alleviating harmful effects of paraquat, it can be seen that CAD
can improve the activity of antioxidant enzyme function of the
body.

MDA, which as a product of lipid peroxidation can reflect
degrees of reactive oxygen species attacking the cell in lung
tissue indirectly. This, in turn, can show the antioxidant
capacity of the body. Thus suggests that CAD can effectively
reduce the content of MDA, prevent lipid peroxide, which can
protect the body from oxidative damage. MPO is stored in
neutrophils mainly, and is released outside of the cell in
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inflammation, reducing the activity of hydrogen peroxide, is an
index reflecting the activity of neutrophils [24]. Our
experiment shows that CAD could enhance the antioxidant
capacity by decreasing the activity of MPO.

At present, the pathogenesis of lung injury caused by PQ
poisoning possibly be the accumulation of this drug in the
lung, the change of oxygen free radical, the mitochondrial
damage caused by lipid peroxidation, imbalance of
intracellular calcium content, inflammatory cells and immune
cells, cytokines and chemokines, DNA damage in lung tissue
[25]. Paraquat entered into the body and resulted in a series of
stress response. Inflammatory mediators and other biological
factors are activated [26]. These mediators play a big,
important role in the pathogenesis of acute lung injury,
pulmonary fibrosis and other pulmonary diseases induced by
PQ [27]. Inflammatory markers in PQ infected experiment
process, such as IL-1B, IL-6 as well as IL-8, can cause
inflammatory response and result in white blood cell
aggregation, the release of inflammatory medium, activation of
inflammatory cells and immune cells. Our experiments have
proved that paraquat could cause the secretion of inflammatory
medium, resulting in the accumulation of immune cells and
inflammatory cells infiltration. Our experiments also prove that
CAD could enhance the antioxidant effect, reduce
inflammatory factor and protect the body from oxidative
damage.

According to reports, gene promoter regions of many
fibrogenic factors also contain Nuclear factor (NF-xB) fixed
nucleotide sequence [28] NF-kB as the hub link regulation of
the cytokine network, can activate the gene transcription and
expression of many inflammatory cytokines, and the formation
of inflammation cascade so as to start lung inflammation. As
one of the major transcription factors, NF-kB played an role in
activating oxidative stress in the lung, which can up-regulate
pro-inflammatory genes (T-helper 2 cytokines), and then lead
to lung injury [29,30]. Our research found that paraquat could
increase the activity of NF-xB and HIF-1a, so as to cause the
body damage. Expectedly, CAD could down-regulate the
expression of the above two, and thus improved paraquat-
induced lung injury.

Conclusion

Our study demonstrated that CAD could reduce PQ-induced
extra ALI in Mice. These results sufficiently indicated CAD’s
inhibitory activities on the peroxide such as MDA, MPO, some
pro-inflammatory mediators’ secretion as well as response of
oxidative stress. Some further pharmacological and
pathological evaluations are essential to elucidate the detailed
mechanism between ALI via PQ-induced and the activity of
CAD, which will provide a new potential drug and a novel
approach in the treatment of this disease. Taken together, in our
research experiment, the therapeutic effects of CAD on
immune reaction and oxidative stress are preliminary discussed
in PQ-caused acute lung injury mice model. Therefore, the
future trend of research is to explore other routes of PQ on lung
injury and the interaction and mutual connection among these
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routes. And also, the specific regulation mechanism remains to
be further discussed. Furthermore, some studies should aim at
refining the critical targets of CAD could lead to the
pharmacological development of treatments for ALI induced

by PQ.
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