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Abstract
Pulmonary �brosis is one of the most common complications of paraquat (PQ) poisoning, which
becomes the focus of treatment. More and more studies have found that 5-Aminosalicylic acid (5-ASA)
may be a prospective therapy against �brotic diseases. In the present study, we observed whether 5-ASA
could attenuate the pulmonary �brosis in PQ-treated rats and human lung �broblasts (WI38VA13) cells,
and subsequently explored the possible underlying mechanisms. Wistar rats were divided into control
group, 5-ASA group, PQ group and PQ + 5-ASA group. Rats were sacri�ced on 3, 7, 14, and 28 days after
PQ treatment. We observed pulmonary histopathological changes and �brosis formation among different
groups through hematoxylin and eosin (H&E) and Masson staining and TGF-β1, p-Smad3 and the
peroxisome proliferator activated receptor γ (PPARγ) pulmonary content via immunohistochemical
staining and Western blot. In addition, human lung �broblasts WI38VA13 were also divided into control
group, PQ group, 5-ASA group and PQ + 5-ASA group. And the role of TGF-β1 signaling pathway regulated
factors (TGF-β1, p-Smad3 and PPARγ) were explored. Treatment with 5-ASA signi�cantly inhibited the PQ-
induced activation of TGF-β1 signaling pathway in human lung �broblasts WI38VA13 cells. In conclusion,
the results of this study suggested that 5-ASA has potential value in the treatment of PQ-induced
pulmonary �brosis via suppressing the activation of TGF-β1 signaling pathway.

Background
As an effective herbicide, Paraquat (PQ, 1,1′-dimethyl-4,4′-bipyridinium) is a highly toxic pro-oxidant that
is widely used throughout the world. Up to now, human PQ intoxication by accidently exposure or with
suicide intention could still be seen. PQ poisoning induces multi-organ failure involving lung,
gastrointestinal tract, pancreas, kidney, liver, heart, and brain injury. Pulmonary �brosis is the most typical
feature of PQ poisoning and continues from several days to weeks after PQ ingestion.(Shadnia et al.,
2018)

Transforming growth factor-β1 (TGF-β1) has been reported to be the key growth factor that initiates
tissue repair and its sustained production is involved in the development of tissue fibrosis.(Han et al.,
2015) TGF-β1 could activate down-stream transcription factor Smad, and then trigger the intracellular
signaling pathway.(Hu et al., 2018) Early Study by Sato et al showed that targeted disruption of TGF-
β1/Smad3 signaling protected against renal tubulointerstitial
�brosis induced by unilateral ureteral obstruction in mice lacking Smad3 (Smad3 ex8/ex8).(Sato et al.,
2003) There have been several other studies with different models of kidney disease further con�rmed
the central role of Smad3 pathway in the pathogenesis of interstitial �brosis.(Loboda et al., 2016, Sisto et
al., 2018) The peroxisome proliferator activated receptor γ (PPARγ) is well known for its ability to regulate
glucose and lipid metabolism. It has been recently found that the interaction of TGFβ1 and PPARγ is
involved in the developmemt of �brosis. TGFβ1 controled PPARγ expression, transcriptional potential,
and activity partly through Smad3 signaling in murine lung �broblasts.(Ramirez et al., 2012) PPARγ is
an inhibitory regulator of TGFβ1-Smad pathway, while TGFβ1 induces �brosis-related genes
suppressing PPARγ. PPARγ is an important regulator of TGFβ1-associated diseases.(Calvier et al., 2017)
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5-Aminosalicylic acid (5-ASA) is an anti-in�ammatory agent. Over the past decades, 5-ASA preparations
have been speci�c and �rst-line therapeutic drugs for mild to moderate active in�ammatory bowel
disease (IBD). 5-ASA was found to reduce TGF-β signaling as judged by the reduction in TGF-β specific
reporter gene activity.(Rousseaux et al., 2013) The intestinal anti-in�ammatory effect of 5-ASA was
dependent on PPARγ(Rousseaux et al., 2005, Sarraf et al., 1998) and its anti-neoplastic effect in
the intestine was also mediated by PPARγ. Thus, it is clear that PPARγ is the key mediator for anti-
in�ammatory and antineoplastic effects of 5-ASA. As PPARγ is also involved in the development of
�brostic diseases, it is interesting to see if 5-ASA could take a part in the interaction of PPARγ and TGF-
β1/ Smad3 pathway in the pathogenesis pulmonary �brosis and to be used as a potential drug for PQ
poisoning. 

Therefore, in the present study, we �rstly investigate whether 5-ASA exerts protective effect against PQ-
induced pulmonary �brosis. Secondly, we explore the putative mechanism of 5-ASA in preventing PQ-
induced pulmonary �brosis. This study provides a new clue for the treatment of PQ poisoning.

Materials And Methods
Reagents

We bought paraquat (33.5%) from Syngenta Crop Protection (Nantong, Jiangsu, China). 5-ASA (98.5%,
chemical purity) was purchased from J&K Science and Technology Co., Ltd. The main antibodies used
were as follows: rabbit anti-human PPARγ, rabbit anti-human TGF-β1 antibodies (Bioworld, Bloomington,
USA) and rabbit anti-human phospho-Smad3 antibody (A�nity, Cincinnati, OH, USA). 

Animals

In this study, 100 healthy male Wistar rats aged 6-8 weeks and weighing 180-220 g were reared at Animal
Center of Hebei Medical University. The animals were placed in a ventilated room of 22 ± 2 °C for 12 hr of
light/dark cycle. Feed and water the rats at will. All animal experiments conform to the guidelines of the
Ethics Committee for Laboratory Animals of Hebei Medical University.

Animal models and tissue sampling

The Wistar rats were divided randomly to four groups: control group, PQ group, 5-ASA group and PQ+5-
ASA group with twenty-�ve rats in each group. The concentration of PQ in this study was selected based
on the results of our pre-experiments and the related literatures.(Zheng et al., 2017, Tang et al., 2017) On
the �rst day, the rats in the PQ and PQ+5-ASA groups were given doses of 80 mg/kg PQ by gavage,
whereas in control and 5-ASA groups, the rats were treated with distilled water, 2 hr later, equal amounts
of distilled water were given for control and PQ groups, while 30 mg/kg 5-ASA in distilled water were
intragastrically administered respectively for 5-ASA and PQ+5-ASA group. On the second day, only equal
amounts of distilled water were given for control and PQ groups, at the same time, 30 mg/kg 5-ASA were
given for 5-ASA and PQ+5-ASA groups respectively, the steps of the second day repeats once a day for up
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to 7 days. The rats were then killed for preparation of cervical dislocation specimens after anesthesia at
3, 7, 14 and 28 days after PQ administration. The general pathological changes of rats in each group
were observed, including size, congestion and dot bleeding. To distinguish the rats’left and right lungs,
each left lung was placed in a frozen pipette and stored in a -70℃ liquid nitrogen freezer to detect the
Hydroxyproline (HYP). The right lung was immersed in 10% formalin and then embedded in para�n.

Lung coe�cient

We took the whole lung and the whole trachea of the rats, cut the trachea between the 5 and 6 cartilage
rings above the tracheal bifurcation, used the clean �lter paper to absorb the blood and tissue �uid on the
lung surface, and then weighed that with high precision balance. Pulmonary coe�cient calculation
method is as follows: lung coe�cient (LI) = total lung wet weight (mg) / body weight (g)×100%.

Histopathologic examinations

The right lung tissue samples were �xed in 10% formalin, embedded in para�n, sectioned (thickness of
5µm), and slides were stained with hematoxylin and eosin (H&E) and then examined under light
microscope (Leica Microsystems Nussloch GmbH, RM2245, Nussloch, Germany) by an experienced
pathologist who was blinded to the treatment each animal had received.

Masson’s trichrome stain

The slides were depara�nized and subjected to Masson staining for �brosis detection. The slides with
the Masson trichrome stain were observed using a Leica microscope (Leica Microsystems Nussloch
GmbH, RM2245, Nussloch, Germany), the smooth muscle cell cytoplasm was stained red, while the
collagenous �brous tissue was stained blue.

Hydroxyproline (HYP) determination

According to the manufacturer’s instructions for the hydroxyproline assay kit (Solarbio, Beijing, China),
lung tissues were isolated to determine the optical density (OD value) of the samples at a wavelength of
550 nm in a microplate reader, and the level of hydroxyproline was calculated accordingly.

Cell culture and treatment

Human lung �broblasts WI38VA13 purchased from ATCC were grown in DMEM/F12 at
37℃supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin and streptomycin in 5%
CO2/95% air. When cells reached 80% con�uence, they were randomly divided into four groups: Control
group, PQ group, 5-ASA group, and PQ+5-ASA group. The cells were incubated with 200µM PQ for 12, 24
and 48 hr, with and without pretreatment with 5-ASA (10mM) for 2 hr. Cells were collected for 12, 24, and
48 hr after PQ treatment.

Western blotting analyses
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After treatment, cells were washed with ice-cold PBS. Total cell proteins were then extracted using lysis
buffer (1% Triton X-100, 150 mM NaCl, 2 mM EDTA, 50 mM Tris-HCl, 10% phosphatase inhibitors and 1%
cocktail). 40 μg of protein was used for SDS-PAGE, transferred to PVDF membrane. Subsequently, the
membranes were blocked with 5% skim milk and incubated with speci�c antibodies at 1:1000 dilution at
4℃. After washing, the membranes were incubated with secondary antibody at 1:5000 dilution and
visualized by ECL chemiluminescent detection system. Bands density was quanti�ed using Snygene-
Image System and normalized to β-Actin.

Immunohistochemical Staining

Sections (4µm thick) were prepared from para�n blocks. After depara�nization, antigen retrieval was
performed under citrate buffer for 15 min. Endogenous peroxidase activity was blocked with 3% hydrogen
peroxide in methanol for 10 min. Incubation with primary antibodies against TGF-β (1:100) and PPARγ
(1:100) was conducted overnight at 4°C in a humidi�ed chamber. After the slices were washed in
0.01mol/L phosphate-buffered saline, the operation followed was done as described previously with
PowerVision-9000 kit (GBI, Washington, USA) for immunohistological staining.(Wei et al., 2010) The
primary antibody was replaced by phosphate-buffered saline as a negative control. All slides were scored
by an experienced pathologist.

Statistical analysis

Statistical analysis was performed by the one way analysis of variance (ANOVA) with SPSS 16.0
software. The results were presented as means ± standard deviation. Values were considered statistically
significant when P<0.05.

Results
The effect of general condition after PQ exposure

General poisoning manifestations including sluggish, lethargy, irritability and bloody discharge in mouth,
nose and eyes could be found in rats 2 hours after PQ exposure. The body weights of the rats after PQ
exposure were all signi�cantly decreased with decrease in water and food intake. Systemically, dyspnea,
abdominal breathing, perioral cyanosis in respiratory system, diarrhea in alimentary system as well as
oliguria, anuresis, hematuria in urinary system could also be seen in PQ exposure rats. The poisoning
manifestations, both general and systemic, were alleviated in PQ+5-ASA groups.

Relative body weight gradually increases with time in 5-ASA group. It has no change compared with the
control group(P>0.05). After the PQ exposure, the relative weight decreased to minimum at 3d (P<0.05),
then gradually increased to the control level at 14d (P>0.05). In PQ+5-ASA group, relative body weight
decreased to a minimum at 3d. It had statistical signi�cance when compared with control group and 5-
ASA group at 3d (P < 0.05, Fig.1). So the PQ-induced relative body weight decrease could be improved by
5-ASA.
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5-ASA attenuates PQ-induced pulmonary damages

Grossly, lungs in control and 5-ASA groups were all normal in size and pink in color, while lungs in PQ
group were signi�cantly increased in size, congestion and dot bleeding could be seen within 7 days of PQ
exposure and became grayish with uneven surface 28 days after PQ exposure. The gross changes of the
lungs in PQ+5-ASA groups were signi�cantly alleviated and no obvious bleeding could be seen and lung
surface were smooth. Lung coe�cient measurement further con�rmed 5-ASA treatment could alleviated
the injurous changes of PQ in lungs (Fig. 2).

Histologically, the morphological changes of lungs of rats in different groups were evaluated with H&E
staining (Fig. 3). Except occasionally a few phagocytes in the lumens of alveoli, no injurious changes
including edema, congestion, bleeding and in�ammatory changes could be seen in the lungs in control
and 5-ASA groups. Aveolitis were observed in lungs of the rats after PQ exposure. Congestion, edema and
in�ammatory cell in�ltration could be seen in bronchial and alveolar walls at 3 and 7 days after PQ
exposure. Alveolar septa thickening with alveolar lumen narrowing, diffuse pulmonary hemorrhage,
hyaline membrane formation could be seen at 14 day after PQ exposure. At the later stage, we also
observed �broblast proliferation, increase of collagen �bers and �brous thickening of the alveolar walls at
28 day after PQ exposure. All of those pulmonary injury changes seen in the lungs of rats in PQ group
were signi�cantly attenuated in the two 5-ASA treatment group, evidenced by decreased in the degree of
congestion, in�ammatory cell in�ltration, bleeding at early stage(<14 days) and �brous proliferation at
late stage (28 days) after PQ exposure.

5-ASA attenuates PQ-induced �brosis in lung tissues of rats

Pulmonary �brosis is characterized by the accumulation of collagens. HPY is a non-essential amino acid
found in collagen, playing a crucial role in collagen synthesis, and is frequent used as a biomarker of
tissue �brosis. We measured HPY contents changes of the lung tissue in different groups. The results
showed that HYP content was signi�cantly increased in lung tissues of the rats for 7 days after PQ
treatment, and reached to a peak at the 28 day. Compared to the HYP changes in PQ group, the emerging
time of the increase of HYP content was delayed by 7 days after PQ+5-ASA treatment and HYP contents
of lung tissue were signi�cantly lower in the lung tissues of rats at the 14 and 28 days after PQ+5-ASA
treatment (Fig. 4), suggesting that 5-ASA treatment could signi�cant alleviated the degree of collagen
accumulation induced by PQ.

With Masson trichrome staining, the collagen �bers were dyed blue. The results (Fig. 5) showed that as
compared with that in control group Fig. 5A and 5-ASA group (Fig. 5B), the amount of blue stained
collagen �bers in the lung tissues of rats in PQ group (Fig. 5C) was increased. The collagen �bers were
mainly concentrated in the alveolar thickening area and bronchioles. With 5-ASA treatment, the amount
the collagen �bers of lung tissue in PQ+5-ASA groups were all less than those in PQ alone (Fig. 5D),
further con�rmed the alleviating effect of 5-ASA on the increase of collagen �ber amount induced by PQ.
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Taken together, these date showed that 5-ASA treatment could attenuate the collagen accumulation of
lung tissue induced by PQ. It suggested that 5-ASA has a protective effect in PQ-induced pulmonary
�brosis of rats.

5-ASA attenuate the upregulation of TGF-β1, p-Smad3, and the reduction of PPARγ induced by PQ in lung
tissue of rats in vivo and human lung �broblasts WI38VA13 cells in vitro

We further investigated the expression pattern of �brosis related factors in lung tissue of rats by
immunohistochemical staining to evaluate the possible anti-�brotic mechanism of 5-ASA. The
immunohistochemical staining results showed that TGF-β1 expression was increased from 3 to 28 days
after PQ exposure. Compared to that of PQ group, the expression level of TGF-β1 was decreased in PQ+5-
ASA groups at every measured time point (Fig. 6). The expression of PPARγ in the lung tissue of rats in 5-
ASA group was a little bit increased while in PQ group was obviously decreased than that in control
group. And this downregulation of PPARγ induced by PQ could be partly prevented by 5-ASA treatment in
lung tissue of rats (Fig. 7). In addition, Western blotting results showed that PQ exposure signi�cantly
increased the phosphorylation level of Smad3 of lung tissues compared with that in control group at all
the time points (P<0.05). The p-Smad3 level was signi�cantly down-regulated in PQ+5-ASA-treated rats
lung tissue compared with the PQ treatment group (Fig. 8). Thus, taking all these together, the results
suggest that the inhibition effect of 5-ASA on pulmonary �brosis induced by PQ be achieved via
attenuating the upregulation of TGF-β1, p-Smad3 and downregulation of PPARγ.

Studies have shown that myo�broblast proliferation of lung tissue of patients is the bases of pulmonary
�brosis.(Kuhn & McDonald, 1991, Pache et al., 1998) Thus, based on the aforementioned results, we
further explored the effect of 5-ASA on the TGF-β1 pathway after PQ exposure in human lung �broblasts
WI38VA13 cells in vitro. The results as determined by Western blot were consistant with that in vivo and
revealed that pretreatment with 5-ASA signi�cantly restore the reduction of PPARγ (Fig. 9A) and reverse
the increase of TGF-β1(Fig. 9B) and p-Smad3 (Fig. 9C) induced by PQ. 

Collectively, these data demonstrated that 5-ASA treatment could attenuate PQ-induced pulmonary
�brosis progression through up-regulating the expression of PPARγ and inhibiting the activation of TGF-
β1/Smad3 singnaling pathway.

Discussion
Pulmonary �brosis is an irreversible stage of pathologic development of PQ poisoning, leading to high
mortality.(Dong et al., 2016) So far, no safe and effective treatments were found to reverse �brosis
process. In this study, we found that intragastric administration of PQ induced signi�cant injury and
�brotic changes in the lungs of experimemtal rats including congestion, edema, hemorrhage, increased
lung coe�cient, the increased HYP content, accumulation of collagen, increase of collagen �bers and
�brous thickening of the alveolar walls etc. 5-ASA treatment could signi�cantly alleviated the pulmonary
injury and �brotic changes induced by PQ in rats, evidenced by decreased in the degree of congestion,
in�ammatory cell in�ltration, hemorrhage, lung coe�cient increase, collagen accumulation and collagen
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�ber increase. Thus, our study con�rmed that 5-ASA could signi�cantly attenuated the injury and �brotic
changes induced by PQ and suggesting 5-ASA might be used in the alleviation of pulmonary �brosis in
PQ poisoning.

TGF-β1 plays a crucial role in the induction of �brosis. The TGF-β1 signal exerts its biological effects via
the TGF-β1/SMAD/Snail signaling pathway, playing an important pathogenic role in several �brotic
diseases.(Sisto et al., 2018, Zhou et al., 2017) In this study with rats, we also con�rmed the upregulation
of TGF-β1 and Smad3 activation evidence by increased pSmad3 level after PQ exposure, suggesting that
TGF-β1/Smad signaling pathway be involved in the �brotic changes induced by PQ. The results were in
accordance with that in the literature on tissue �brosis.(Xue et al., 2011)

PPARs are recognized as versatile members of the ligand-activated nuclear hormone receptor superfamily
of transcription factors that includes receptors for steroids, thyroid hormone, retinoic acid, and vitamin D
among others.(Rabinovitch, 2010) There are three subtypes of PPARs: PPARα, PPARβ/δ, and PPARγ. Of
the three PPARs identi�ed to date, PPARγ represents the most promising PPAR target in lung diseases in
view of emerging reports implicating this molecule in various pulmonary processes.(Standiford et al.,
2005) More recently, it has been reported that PPARγ activators could inhibit TGF-β1-induced
myo�broblast transdifferentiation.(Kulkarni et al., 2011) In addition, in diseased tissues, PPARγ
expression has been shown to relate inversely with that of TGF-β1.(Tang et al., 2017) Thus, it appears
that the balance between TGF-β1 and PPARγ may determine whether �brogenesis predominates after
tissue injury. In this study, we found that the expression of PPARγ was signi�cantly decreased in lung
tissues of rats after PQ intragastric treatment. At the same time, we also found that PQ exposure
decreased the expression of PPARγ in human lung �broblasts WI38VA13 cells in vitro. Therefore, our
studies suggested that PPARγ involved in the regulation of TGF-β1/Smad3 signaling pathway in PQ-
induced pulmonary �brosis.

5-ASA is an anti-in�ammatory agent commonly used for the treatment of in�ammatory bowel disease.
(Moran et al., 2018) Although the exact mechanisms of action of 5-ASA are not completely elucidated,
recent studies have revealed that the basic mechanism of action of 5-ASA was relying on increased
expression of PPARγ.(Serra et al., 2016, Rousseaux et al., 2005) As a ligand of PPAR, 5-ASA could
increase PPARγ expression, promote its translocation from the cytoplasm to the nucleus, and induce
activation of down-stream signaling pathway.(Dubuquoy et al., 2006, Rousseaux et al., 2013)

Our results had showed that 5-ASA treatment could signi�cantly relieve the PQ-induced pulmonary
�brotic changes of rats. To explore the putative mechanism of the attenuating effects of 5-ASA on PQ
induced pulmonary �brotic changes, the expression and interaction of TGF-β1/Smad3 signaling and
PPARγ were studied both in vivo with rats and in vitro with human lung �broblasts WI38VA13 cells. The
results showed that 5-ASA treatment could dramatically prevent the up-regulation of TGF-β1, the
phosphorylation level of smad3 and the down-regulation of PPARγ induced by PQ in human lung
�broblasts WI38VA13 cells. Collectively, these data directly suggest that 5-ASA treatment could attenuate
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PQ-induced pulmonary �brosis progression through up-regulating the expression of PPARγ and inhibiting
the TGF-β1/Smad3 singnaling pathway.

In conclusion, our study showed for the �rst time that 5-ASA has signi�cant inhibitory effects on
pulmonary �brosis progression in the PQ intoxication rats model,and these effects may be partly ascribed
to the inhibition of TGF-β1/Smad3 signaling pathway. Thus, 5-ASA has potential value in the treatment of
PQ-induced pulmonary �brosis.
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Figure 1

The relative weight changes of rats in different groups. The data are presented as the mean ± SD. *
P<0.05, compared with control group; # P<0.05, compared with PQ group.

Figure 2
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The lung coe�cient changes of rats in different groups. The data are presented as the mean ± SD. *
P<0.05, compared with control group; # P<0.05, compared with PQ group.

Figure 3

H&E stained histological evaluation of rat lungs in the control, 5-ASA, PQ and PQ + 5-ASA groups on days
3, 7, 14, 28 after PQ intragastric administration (Control group and 5-ASA group: ×100 magni�cation, PQ
group and PQ+5-ASA group: ×200 magni�cation). Compared with control group, PQ exposure showed
progressively interstitial edema and in�ammatory cell in�ltration in the alveolar space and septum at day
3 and 7. Both 14 and 28 day of PQ group showed �broblast proliferation, increase of collagen �bers and
�brous thickening of the alveolar walls. At the same time, PQ + 5-ASA groups showed remarkably
decreased the pulmonary pathological damage of rats.
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Figure 4

The effects of PQ on the Hydroxyproline (HYP) content in lung tissue of rats. Compared with PQ group, 5-
ASA treatment could signi�cantly decrease the HYP content in lung tissue of rats. All quantitative data
are the mean ± SD. *P<0.05, compared with control group. #P < 0.05, compared with PQ group.
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Figure 5

Histological evaluation of rat lungs in the control, 5-ASA, PQ and PQ+5-ASA group on day 28 after PQ
exposure with Masson stain (A and B:×400 magni�cation, C and D:×400 magni�cation). a: control group,
b: 5-ASA group, c: PQ group, d: PQ+5-ASA group. Compared to control, PQ exposure increased �brosis
(seen as blue collagen deposition) in the alveolar regions and small bronchioles at day 28. The PQ+5-ASA
group exhibited decreased collagen deposition in lung tissue of rats.
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Figure 6

Treatment with 5-ASA decreases PQ-induced the expression of TGF-β1 in lung tissue of rats (×200
magni�cation). The stainings of TGF-β1 (brown in the cytoplasm: black arrowhead) were markedly down-
regulated by PQ+5-ASA treatment for 14 d and 28 d after PQ intoxication.



Page 18/19

Figure 7

Treatment with 5-ASA increase PQ-induced the expression of PPARγ in lung tissue of rats(×200
magni�cation). The stainings of PPARγ(brown in the cell nucleus) were markedly up-regulated by PQ+5-
ASA treatment for 3 d, 14 d and 28 d after PQ intoxication.
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Figure 8

Treatment with 5-ASA signi�cantly decrease the level of p-Smad3 in lung tissue of rats. Intensities of the
immunoreactive bands were quanti�ed by densitometric scanning. Values are means±SD. *P < 0.05,
compared with control group. #P < 0.05, compared with PQ group.

Figure 9

5-ASA abolishes the PQ-induced activation of TGF-β1 pathway signaling in human lung �broblasts
WI38VA13 cells. The WI38VA13 cells were pretreated with 10mM 5-ASA for 2 hr prior to 200µM PQ for 12,
24 and 48 hr. Treatment with 5-ASA signi�cantly increased the level of PPARγ (A), reduced the expression
of TGF-β1 (B) and the phosphorylation level of Smad3(C) as determined by Western blot. Intensities of
the immunoreactive bands were quanti�ed by densitometric scanning. Values are means±SD. *P < 0.05,
compared with control group. #P < 0.05, compared with PQ group.


