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BACKGROUND AND PURPOSE
Madecassoside has potent anti-pulmonary fibrosis (PF) effects when administered p.o., despite having extremely low oral bio-
availability. Herein, we explored the mechanism of this anti-PF effect with regard to gut hormones.

EXPERIMENTAL APPROACH
A PF model was established in mice by intratracheal instillation of bleomycin. Haematoxylin and eosin stain and Masson’s
trichrome stain were used to assess histological changes in the lung. Quantitative-PCR and Western blot detected mRNA and
protein levels, respectively, and cytokines were measured by ELISA. Small interfering RNA was used for gene-silencing. EMSA was
applied to detect DNA-binding activity.

KEY RESULTS
Administration of madecassoside, p.o., but not its main metabolite madecassic acid, exhibited a direct anti-PF effect in mice.
However, i.p. madecassoside had no anti-PF effect. Madecassoside increased the expression of hepatocyte growth factor (HGF) in
colon tissues, and HGF receptor antagonists attenuated its anti-PF effect. Madecassoside facilitated the secretion of HGF from
colonic epithelial cells by activating the PPAR-γ pathway, as shown by an up-regulation of PPAR-γ mRNA expression, nuclear
translocation and DNA-binding activity both in vitro and in vivo. Also GW9662, a selective PPAR-γ antagonist, almost completely
prevented the madecassoside-induced increased expression of HGF and amelioration of PF.

CONCLUSIONS AND IMPLICATIONS
The potent anti-PF effects induced by p.o. madecassoside in mice are not mediated by its metabolites or itself after absorption into
blood. Instead, madecassoside increases the activity of PPAR-γ, which subsequently increases HGF expression in colonic epithelial
cells. HGF then enters into the circulation and lung tissue to exert an anti-PF effect.

Abbreviations
α-SMA, α-smooth muscle actin; aP2, adipocyte fatty acid-binding protein; BLM, bleomycin; BMP-7, bone morphogenetic
protein-7; ECM, extracellular matrix; H&E, haematoxylin and eosin; HGF, hepatocyte growth factor; HT-29, human colon
carcinoma cells line; PF, pulmonary fibrosis; PPREs, peroxisome proliferator response elements; Q-PCR, Quantitative-PCR;
siRNA, small interfering RNA
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Introduction

Pulmonary fibrosis (PF) is a chronic, progressive and irreversible
lung disease, and has a poor prognosis with amean survival of 2
to 5 years after diagnosis (King et al., 2011). Nevertheless, there
are few effective treatments currently available for PF (Spagnolo
et al., 2015). Although pirfenidone and nintedanib have
recently been approved by the Food and Drug Administration
(FDA) for treating idiopathic PF, they have limited therapeutic
efficacy and significant side effects. Therefore, it is imperative
to develop satisfactory therapeutic drugs for PF.

Centella asiatica (Umbelliferae) is an annual herbaceous plant
that has been widely used in Asia for its pleiotropic bioactivities.
Triterpenoid compounds constitute its main active ingredients
(Hashim et al., 2011), of which madecassoside has been demon-
strated to possess anti-inflammatory effects (Liu et al., 2008a; Li
et al., 2009), to facilitate burn wounds (Liu et al., 2008b) and
inhibit keloid formation (Sampson et al., 2001; Song et al.,
2012). Our recent studies showed that p.o. administration of
madecassoside could markedly ameliorate mouse PF induced
by intratracheal instillation of bleomycin (BLM), and this was
accompanied by reduced deposition of extracellular matrix
(ECM) and attenuated inflammation in the lung tissues (Lu
et al., 2014). However, the detailed mechanisms by which
madecassoside produces these effects have not been elucidated.

As a triterpenoid saponin, madecassoside is extremely hard
to absorb after p.o. administration (Wang et al., 2014). It is
mainly excreted in faeces in its original form and as aglycone
madecassic acid, which is the main product of its metabolism
in the intestine. The plasma or tissue concentration is much
lower than the minimal effective concentration required for
inhibition of the activation of lung fibroblasts, which are the
key effector cells for PF (Leng et al., 2013; Lu et al., 2014). Such
a pharmacokinetic-pharmacodynamic disconnection implies
that the mode of action of madecassoside is distinct from
currently used anti-PF drugs. With regard to this paradox, there
might be two possibilities: (i) madecassoside functions via its
metabolite madecassic acid; (ii) madecassoside exerts its anti-
PF effect by enhancing the generation of endogenous anti-PF
factors from the intestinal tract, which is the largest endocrine
organ in the body that can secrete various growth factors and cy-
tokines [e.g. hepatocyte growth factor (HGF), IFN-γ and IL-10]
capable of interfering with fibrosis in many organs (Dignass
and Sturm, 2001; Porowski et al., 2009; Luzina et al., 2014).
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In the present study, we designed experiments to verify
these two hypotheses with regard to the mechanism of the
anti-PF effect of madecassoside and have provided evidence
for a reasonable explanation for the anti-PF activity of other
compounds with pharmacokinetic characteristics similar to
those of madecassoside.
Methods

Animals
Animal studies are reported in compliance with the ARRIVE
guidelines (Kilkenny et al., 2010; McGrath and Lilley, 2015).
Female ICR mice, 6–8 weeks-old and weighing 22–26 g, were
purchased from the Comparative Medicine Centre of
Yangzhou University (Yangzhou, China). The animal experi-
ments were conducted with the approval of the Animal Ethics
Committee of China Pharmaceutical University and conformed
to the National Institute of Health guidelines on the ethical use
of animals. All animals were housed under a 12h light/12 h dark
cycle (lights on from 7:00 to 19:00 h) with controlled room
temperature (21–25°C) and humidity (50–65%) in the cages
(290 × 178 × 160 mm), and allowed ad libitum access to a diet
of standard laboratory chow and water.
BLM-induced PF model and treatment
On day 0, the mice were anaesthetized by administration of
chloral hydrate hydrochloride (350 mg/kg, i.p.) and then PF
was established in mice by the intratracheal instillation of
BLM (5 mg·kg�1 in saline). Madecassoside (40 mg·kg�1 in sa-
line) was administered p.o. or i.p. daily from day 1 to day 21;
madecassic acid (10, 20 mg·kg�1 in 0.5% CMC-Na) was given
p.o. daily from day 1 to day 21; SU11274 (0.18mg·kg�1 in
DMSO with a final concentration lower than 1 ‰); PHA-
665752 (0.825 mg·kg�1 in DMSO with a final concentration
lower than 1‰) andGW9662 (1mg·kg�1 in DMSOwith a final
concentration lower than 1 ‰) were injected i.p. 0.5 h before
madecassoside administration daily from day 1 to day 21 (Puri
et al., 2007; Gao et al., 2013b, 2013a). Mice in the normal and
model groups were given an equal volume of vehicle.

On day 21, the blood from eachmouse was collected from
the abdominal aorta. Then, mice were killed with an excess
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dose of chloral hydrate hydrochloride. Lungs, small intestine
and colon tissues were removed for further assay.
Group sizes
Group sizes were equal for each in vivo experiment and did
not vary. In all experiments, the intestine and lung samples
were taken from eight mice for each different group. In addi-
tion, all in vitro experiments were repeated three times.
Randomization
All the mice were divided into different groups according to
the random comparison group methods in pharmacology.
Vehicles and tested samples were randomly assigned to each
group prior to the start of the experiment.
Blinding
All investigators conducting and analysing experiments were
blinded to the respective groups. Data files were labelled with
a date and sample identifier (e.g. number or time of the exper-
iment). In addition, data were analysed in this format and
then subsequently reassigned to their experimental condi-
tions using lab records.
Normalization
Data were subjected to statistical analysis prior to normaliza-
tion. Data sets were presented as mean of normal to allow for
comparison of the results obtained from control and tested
groups, in which there might be significant variation in the
magnitude of the expression of different genes and proteins
observed in the control responses of samples.
Statistical comparison
Data are presented as means ± SEM Statistical analysis was
performed using SPSS statistical software (SPSS, Chicago, IL,
USA). Statistical differences were assessed by one-way ANOVA

followed by a post hoc Tukey’s test. In cases where the latter
condition was violated, non-parametric Games–Howell post
hoc tests were used, and P values less than 0.05 (P< 0.05) were
accepted as a significant difference. The correlation between
two variables was evaluated by Spearman’s nonparametric
correlation analysis. P values less than 0.05 (P < 0.05) were
considered statistically significant. The data and statistical
analysis comply with the recommendations on experimental
design and analysis in pharmacology (Curtis et al., 2015).
Lung index analysis
Body wt (g) of each mouse was recorded, and lung wet wt
(mg) was determined immediately after its excision. The lung
index (mg·g�1) was calculated by dividing the wet lung wt by
the body wt (Niu et al., 2013; Gao et al., 2013b, 2013a).
Hydroxyproline assay
On day 21, the upper lobes of left lung tissues of mice were
collected. The content of hydroxyproline in each lung lobe
was measured by a commercial kit according to the manufac-
turer’s instruction.
Histopathological examination
On day 21, the lower lobes of left lung tissues of mice were
taken, and fixed in 10% neutral buffered formalin, embedded
in paraffin and serially sectioned (5 μm) for haematoxylin
and eosin (H&E) and Masson’s trichrome staining respec-
tively. The extent of the inflammation and fibrosis were
scored by a pathologist blinded to the experimental groups.
Pathological parameters mainly included 1, intra-alveolar
congestion; 2, emphysema; 3, intra-alveolar epithelial hyper-
plasia; 4, interstitial and intra-alveolar infiltration of inflam-
matory cells; 5, collagen deposition. The results of H&E
staining were graded according to parameters 1–4. The results
of Masson’s trichrome staining were graded according to pa-
rameter 5 (the bright blue part represented the mature colla-
gen in the photograph). The score of each parameter was on
a scale of 0–3 (criteria for grading were as follows: grade 0,
normal; grade 0.5, slight; grade 1, mild; grade 2, moderate;
and grade 3, severe). The score of each parameter was
summed up for each mouse (Ji et al., 2013; Lu et al., 2014).

ELISA detection
On day 21, mouse blood was taken from the abdominal aorta. It
was centrifuged for 15 min at about 700 g. The serum was ob-
tained for immediate use or store at �80°C. The colon and right
lung tissues of 100 mg samples were rinsed and homogenized
with PBS, and stored overnight at �20°C. After two freeze–thaw
cycles to break the cellmembranes, the homogenateswere centri-
fuged at about 3000 g for 5 min at 4°C. The relative factors in se-
rum, colon and lung tissue homogenates were detected by ELISA.

Cell culture
Human colon carcinoma cells (HT-29 cells) were obtained
from the American Type Culture Collection (ATCC, Manassas,
VA, USA), and cultured in DMEM supplemented with 10%
FBS and maintained at 37°C in 5% CO2 humidified air. The
cells (4 × 105 cells·mL�1) were seeded into 96-well plates and
treated with madecassoside for 24 h. Supernatants were col-
lected and the levels of HGF were assayed by ELISA.

Cell viability assay
The viability of HT-29 cells was detected by use of the 3-(4,5-di-
methyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
assay.HT-29 cells (4 × 105 cells·mL�1) seeded in 96-well plateswere
incubatedwithmadecassoside for 24 h. Four hours before the end
of the incubation, 20 μL of MTTsolution (5 mg·mL�1) was added
into each well. Then, the supernatants were removed, 150 μL
DMSO was added to dissolve the formazan crystal. The optical
absorbance at 570 nm was read with a Model 1500 Multiskan
spectrummicroplate Reader (Thermo, Waltham, MA, USA).

EMSA
The DNA-binding activity of PPAR-γwas detected by use of an
EMSA assay using a commercial kit (Pierce, Appleton, WI, USA).
HT-29 cells (4 × 105 cells·mL�1) were treated withmadecassoside
for 12h, and the nuclear proteinswere extracted. Biotin-labelled
PPAR-γ-specific oligonucleotides were prepared as the labelled
probe according to the manufacturer’s instructions. Nuclear ex-
tracts were mixed with poly (dI-dC), labelled probe, binding
buffer (100 mM NaCl, 30 mM HEPES, 1.5 mM MgCl2, 0.3 mM
EDTA, 10% glycerol, 1 mM PMSF, 1 μg·μL�1 aprotinin and
British Journal of Pharmacology (2016) 173 1219–1235 1221
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1 μg·μL�1 leupeptin) and incubated at room temperature for
10 min. Then, 10 μL of protein-DNA complex was subsequently
fractionated on a gel electrophoresis at 10 V·cm�1 for 1 h at 4°C
with 6.5% polyacrylamide gel and transferred to a nylon
membrane. The biotin end-labelled DNAwas detected using a
Streptavidin-HRP conjugate and a chemiluminescent substrate.
The membrane was then exposed to X-ray film and finally
analysed using QUANTITY ONE software (Bio-Rad, CA, USA).

Western blot assay
The right lung tissues of mice were prepared. The α-SMA level in
lung tissues and PPAR-γ level in HT-29 cells were detected by
Western blot. The proteins were extracted using a nuclear and
cytoplasmic protein extraction kit (KeyGEN Biotech, Nanjing,
China) and quantified by the Bradford assay. Samples were
separated on a 10% SDS-PAGE gel and transferred to PVDF mem-
branes. Membranes were blocked for 2 h at room temperature
with 9% skimmed milk in Tris-HCl buffer saline (TBS)-Tween-20
and incubated with the corresponding antibodies. After being
rinsed, the membranes were incubated with the secondary anti-
bodies for 2 h and with enhanced chemiluminescent reagent for
2–10 min respectively. Then, they were exposed to an X-ray film.

Q-PCR assay
Total RNA from small intestines, colons, lung tissues and HT-29
cellswere extracted using TRIzol reagent (Takara Bio,Otsu, Japan).
The purity and quality of the RNA samples were examined with
anUV spectrophotometer at 260 and 280 nm. Then, reverse tran-
scriptase reaction and real-time PCR were performed by using
Table 1
Primers used in Q-PCR

Primers

Collagen type I Forward

Reverse

PPAR-γ Forward

Reverse

HGF Forward

Reverse

IFN-γ Forward

Reverse

IL-10 Forward

Reverse

Klotho Forward

Reverse

BMP-7 Forward

Reverse

CD36 Forward

Reverse

aP2 Forward

Reverse

GAPDH Forward

Reverse
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commercial kits (Vazyme Biotech, Nanjing, China). The mRNA
concentrations of the genes detected were normalized to that
of GAPDH in each sample. The details of the primers (Sangon
Biotech, Shanghai, China) are listed in Table 1.

Gene-silencing by siRNA
Three pairs of siRNA targeting human PPAR-γ together or one
pair of scrambled RNA were designed and synthesized by
RiboBio Co. (RiboBio, Guangzhou, China). The transfection
of siRNA was performed using lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) at a final concentration of
50 nM. After transfection for 24 h, cells were incubated with
madecassoside for another 24 h. The supernatants andmRNA
extracts were harvested for further analysis.

Chemicals and reagents
Madecassoside and madecassic acid (purities > 95%) were pur-
chased from Nanjing Jing Zhu Biological Technology Co., Ltd.
(Nanjing, China); BLM hydrochloride was purchased from
Nippon Kayaku Co., Ltd. (Tokyo, Japan); a commercial kit for
detection of hydroxyproline was purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China); FBS was
purchased from Zhejiang Tianhang Biotechnology Co., Ltd.
(Hangzhou, China); GW9662, a selective PPAR-γ antagonist, was
purchased from Sigma Chemical Co., Ltd. (St. Louis, MO, USA);
PPAR-γ and α-smoothmuscle actin (α-SMA)monoclonal antibod-
ies were purchased from Epitopmics Inc. (Burlingame, CA, USA);
β-actinmonoclonal antibodywas purchased fromCell Signaling
Technology Inc. (Beverly, MA, USA); IFN-γ ELISA kit was
Sequence (5′ → 3′)

TGTTGGCCCATCTGGTAAAGA

CAGGGAATCCGATGTTGCC

TCTCAGTGGAGACCGCCCAGG

GCTGCACGTGCTCTGTGACGAT

AGCACCATCAAGGCAAGGT

GACCAGGAACAATGACACCA

CTGCTGATGGGAGGAGATGT

TGTCATTCGGGTGTAGTCACA

GCCTTATCGGAAATGATCCA

AGGGTCTTCAGCTTCTCACC

GTTGGGTCACTGGGTCAATC

CGCCCTAAACTTGTCATCGT

GTACGTCAGCTTCCGAGACC

GGTGGCGTTCATGTAGGAGT

CTCATGCCAGTCGGAGACATGC

GCTGTTCTTTGCCACGTCATCTGG

AAATCACCGCAGACGACAG

TCATAACACATTCCACCACCA

GACATTTGAGAAGGGCCACAT

CAAAGAGGTCCAAAACAATCG
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purchased from Dakewe Biotech Co., Ltd. (Shanghai, China);
mouse HGF ELISA kit was purchased from CUSABIO Biotech
Co., Ltd. (Wuhan, China); humanHGF ELISA kit was purchased
from ExCell Biology, Inc. (Shanghai, China); specific HGF recep-
tor antagonists (SU11274/PHA-665752) were purchased from
ApexBio Technology Co., Ltd. (Houston, TX, USA); enhanced
chemiluminescent plus reagent kit was purchased from DiZhao
Biotech Co., Ltd. (Nanjing, China); TRIzol reagent was pur-
chased from Invitrogen (Carlsbad, CA, USA); HiScript™ reverse
transcriptase system and SYBR@ green master mix were pur-
chased from Vazyme Biotech Co., Ltd. (Nanjing, China); small
interfering RNA (siRNA) PPAR-γ was purchased from RiboBio
Co. (RiboBio, Guangzhou, China); lipofectamine 2000 was
purchased from (Invitrogen, Carlsbad, CA, USA).
Results

Madecassoside but not madecassic acid
attenuated BLM-induced PF in mice
When madecassoside is administered p.o. it is eventually hy-
drolysed to madecassic acid by intestinal flora (Leng et al.,
Figure 1
Effects of madecassoside (Mad) and madasiatic acid (MA) on BLM-induced P
wt (mg) was determined immediately after it had been removed. The lung in
wt. (B) The hydroxyproline concentrations in the upper lobes of left lung tiss
tions. (C) The mRNA expression of collagen type I in the right lung tissues w
scription factors was normalized to that of GAPDH in each sample. (D, E) H
examined by H&E stain and Masson’s trichrome stain (original magnificatio
lated. Data are expressed as means ± SEM, n = 6–8. #P < 0.05 versus norma
2013). To identify its active form,madecassoside (40mg·kg�1)
and madecassic acid (10, 20 mg·kg�1) were given p.o. from
day 1 to day 21 after instillation of BLM, and their anti-PF ef-
fects were observed and compared. As shown in Figure 1A,
madecassoside decreased the lung index of mice, but
madecassic acid seemed to be ineffective.

The deposition of collagen, the major component of
ECM, is the most important factor for tissue fibrosis.
Hydroxyproline is an indicator of collagen as it is main-
tained as a constant amount in collagen. Figure 1B, C show
that the hydroxyproline content and mRNA level of colla-
gen type I markedly increased in the lung tissues of PF
mice. Madecassoside decreased the levels of hydroxyproline
and collagen type I: in contrast, madecassic acid had no
marked effect on levels of hydroxyproline and collagen
type I.

As shown in Figure 1D, E, the lungs of mice in the model
group displayed collapsed alveolar spaces, emphysema,
severe infiltration of inflammatory cells and fibroblast
proliferation, as well as excessive collagen deposition.
Madecassoside, but not madecassic acid, was able to protect
lung tissues from structural damage, inflammation and colla-
gen deposition.
F in mice. (A) Body wt (g) of each mouse was recorded, and lung wet
dex (mg·g�1) was calculated by dividing the wet lung wt by the body
ues were measured by using kits according to manufacturer’s instruc-
as measured by using Q-PCR assay. The relative expression of tran-
istopathological changes in the lower lobes of left lung tissues were
n 200×) respectively. The histological scores of all groups were calcu-
l; *P < 0.05 versus model.
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Furthermore, to exclude the possibility that the anti-PF ef-
fect of madecassoside was due to inhibition of early inflam-
mation, we administered madecassoside to mice p.o. daily
from day 7 to day 21 after instillation of BLM. The results
showed that madecassoside was also effective as anti-PF agent
even when treatment started 7 days after BLM (data not
shown). These findings indicate that madecassoside, but not
its metabolite madecassic acid, exerts a direct anti-PF effect
in mice.

The anti-PF effect of madecassoside was
dependent on an intact intestinal tract
The oral bioavailability of saponins is generally low because
of their poor permeability and microflora hydrolysis in intes-
tines, and they are likely to be detained in the intestinal tract
Figure 2
Effect of madecassoside (Mad) on the expressions of HGF, IFN-γ, IL-10, Kloth
treated mice. (A) The mRNA expressions of HGF, IFN-γ, IL-10, Klotho and B
using Q-PCR assay. The relative expression of transcription factors was nor
and IFN-γ in colons, serum and lung tissues were determined by using ELIS
normal; *P < 0.05 versus model.
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(Gao et al., 2012; Feng et al., 2014). To identify the importance
of the intestine in the action of madecassoside, a parenteral
administration was performed. The results showed that
madecassoside had little effect in mouse PF when given by
an i.p. injection for 21 days (Supporting Information Fig.
S1e), which suggests that p.o. madecassoside does not exert
its anti-PF effect by direct absorption into the circulation,
but the intestinal tract might be its primary action site.
Madecassoside promoted the expressions of
endogenous anti-PF factors in BLM-induced
PF mice
The intestinal tract can generate various anti-fibrosis factors,
including HGF, IFN-γ, IL-10, Klotho and bone morphogenetic
o and BMP-7 in sera, small intestines, colons and lung tissues of BLM-
MP-7 in small intestines, colons and lung tissues were measured by
malized to that of GAPDH in each sample. (B) The contents of HGF
A assay. Data are expressed as means ± SEM, n = 6. #P < 0.05 versus



Figure 3
Influence of specific HGF receptor inhibitors SU11274 and PHA-665752 on the inhibition of madecassoside (Mad) against PF induced by BLM in
mice. (A) Body wt (g) of each mouse was recorded, and lung wet wt (mg) was determined immediately after being removed. The lung index
(mg·g�1) was calculated by dividing the wet lung wt by the body wt. (B) The contents of hydroxyproline in the upper lobes of left lung tissues
were measured by using kits according tomanufacturer’s instructions. (C, D) Histopathological changes of the lower lobes of left lung tissues were
examined by H&E stain and Masson’s trichrome stain (original magnification 200×) respectively. The histological scores of all groups were calcu-
lated. (E) Effects of SU11274 and PHA-665752 onMad-induced promotion of the content of IFN-γ in colons, sera and lung tissues. The content of
IFN-γwas measured by using ELISA assay. Data are expressed as means ± SEM, n = 6–8. #P< 0.05 versus normal; *P< 0.05 versus model; †P< 0.05
versus Mad.
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protein-7 (BMP-7) (Luzina et al., 2014). To further confirm
the primary site of action for madecassoside and its under-
lying mechanisms, we compared its effects on the expres-
sions of inhibitory factors in the small intestine, colon
and lungs of PF mice. Results from the Q-PCR assay demon-
strated that the mRNA expressions of the above factors, ex-
cept for IL-10, decreased to different extents in small
intestines, colons and lungs of mice with PF. Madecassoside
showed little effect on the mRNA expressions of IL-10,
Klotho and BMP-7 in the three organs examined, or on
the expressions of HGF and IFN-γ in intestine and lungs.
But it strikingly elevated mRNA levels of HGF and IFN-γ in
the colons of mice (Figure 2A).

Next, the protein levels of two potential endogenous
anti-PF factors HGF and IFN-γ in various organs were de-
tected by ELISA. In contrast the levels of mRNA expressed,
the protein levels of HGF and IFN-γ in the colon, sera and
lung of PF mice were all increased by madecassoside treat-
ment. Of note, the increases in the colon were markedly
higher than that in sera and lungs, and the % increase of
HGF was significantly higher than that of IFN-γ in the co-
lon (Figure 2B). These findings suggest that the systemically
elevated HGF and IFN-γ induced by madecassoside might
originate from the colon, and IFN-γ might be secondary
to HGF.

In addition, we employed Spearman bivariate correlation
analysis to explore the relationship between the levels of HGF
and IFN-γ in lungs and the anti-PF effect of madecassoside.
The data show that collagen deposition (scores of Masson
stain) shows a strong negative correlation with HGF levels
Figure 4
Effect of madecassoside (Mad) on HGF secretion from HT-29 cells. (A) Effect o
without Mad for 48 h. Cell viability was determined by MTT assay. (B) Conc
cells were exposed to different concentrations of Mad for 24 h, and the level
secretion from HT-29 cells. Cells were incubated with or without Mad (10 μM
level of HGF was determined by using ELISA assay. Data are expressed as mea

1226 British Journal of Pharmacology (2016) 173 1219–1235
(rs = �0.949, P = 0.014) and moderately correlated with
IFN-γ levels (rs = �0.738, P = 0.155) in the lungs of PF mice
treated with madecassoside (Supporting Information
Fig. S2b). Interestingly, IFN-γ levels positively correlated
with HGF levels in the colons and lungs of PF mice treated
with madecassoside (rs = 0.891, P = 0.037 and rs = 0.930,
P = 0.037 respectively) (Supporting Information Fig. S2).
As HGF is able to promote the generation of IFN-γ
(Benkhoucha et al., 2010), we hypothesized that the in-
crease in IFN-γ levels induced by madecassoside might be
secondary to the up-regulation of HGF. Overall, these data
indicate that the amelioration by madecassoside of collagen
deposition and fibrosis in mouse lungs is closely correlated
with elevated HGF levels.

Furthermore, when normal mice were given made-
cassoside (40 mg·kg�1, p.o.) for 21 days, the mRNA and pro-
tein expressions of HGF in colon tissues were only slightly
increased (data not shown). Therefore, it is likely that
madecassoside only up-regulates the expression of HGF in
the colons of mice treated with BLM.
Specific HGF receptor inhibitors attenuated the
amelioration by madecassoside of
BLM-induced PF in mice
To further define whether or not HGF plays a crucial role in
the therapeutic effect of madecassoside, two different specific
HGF receptor inhibitors SU11274 and PHA-665752 were used.
As shown in Figure 3A–D, p.o. madecassoside (40 mg·kg�1)
was indeed able to attenuate BLM-induced PF in mice. Both
f Mad on the cell viability of HT-29 cells. Cells were incubated with or
entration dependence of the HGF secretion from HT-29 cells. HT-29
of HGF was assessed by using ELISA assay. (C) Time course of the HGF
), and supernatants were collected at the indicated time points. The

ns ± SEM of three independent experiments. *P< 0.05 versus normal.
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SU11274 (0.18 mg·kg�1) and PHA-665752 (0.825 mg·kg�1)
themselves did not affect the progress of PF, but they almost
completely prevented the anti-PF effect of madecassoside.
Moreover, the two inhibitors markedly decreased the
contents of IFN-γ in colons, sera and lungs of PF mice
(Figure 3E). These findings confirm that HGF is involved
in the anti-PF effect of madecassoside, and the madecassoside-
mediated increase in IFN-γ levels is secondary to HGF
generation.
Madecassoside promoted HGF generation in
colons of PF mice by activating PPAR-γ
There are reports suggesting that the gene expression of HGF
is tightly regulated by the upstream regulator PPAR-γ because
a peroxisome proliferator response element (PPRE) is present
in the promoter region of the HGF gene (Jiang et al., 2001; Li
et al., 2006). Recent studies showed that asiaticoside (an ana-
logue of madecassoside) protected septic mice from lung
injury probably through up-regulating the expression of
Figure 5
Effect of madecassoside (Mad) on the expression and activation of PPAR-γ in
and the mRNA expression of PPAR-γwas determined by using Q-PCR assay. (
HT-29 cells were treated with or without Mad for 24 h and then lysed. Pro
assay. (C) Effect of Mad on the DNA-binding activity of PPAR-γwas assessed
DNA probe with no PPAR-γ protein; Lane 2 (positive control) contains a mix
DNA probe; Lanes 3, 4, 5 and 6 contain labelled DNA probe and PPAR-γ pr
10 μM) for 24 h respectively. (D) Effect of Mad on mRNA expressions of C
(1, 3, 10 μM) for 12 h, and the cell lysates were collected at indicated time po
Q-PCR assay. The relative expressions of transcription factors were normaliz
SEM of three independent experiments. *P < 0.05 versus normal.
PPAR-γ (Zhang et al., 2011). Asiatic acid (the aglycone of
asiaticoside) inhibited TGF-β-induced collagen synthesis in
human keloid fibroblasts by activation of PPAR-γ (Bian et al.,
2013). These findings suggest that madecassoside might pro-
mote HGF generation in colons of PFmice through activation
of PPAR-γ. In vitro and in vivo studies were then performed to
identify the effect of madecassoside on the expression and ac-
tivation of PPAR-γ.

Effect of madecassoside on cell viability of HT-29 cells. HT-29
cells were chosen for in vitro studies. To exclude the
possibility that the effect of madecassoside was due to
cytotoxicity, the viability of HT-29 cells was tested. It was
shown that madecassoside (1–30 μM) did not affect the
viability of HT-29 cells, while madecassoside (100 μM)
obviously inhibited the viability (Figure 4A).

Effect of madecassoside on the expression of HGF in HT-29
cells. We examined the effect of madecassoside on HGF
HT-29 cells. (A) HT-29 cells were treated with or withoutMad for 12 h,
B) Effect of Mad on the nuclear translocation of PPAR-γ in HT-29 cells.
tein of PPAR-γ in cytosol and nucleus was extracted for Western blot
by using EMSA assay. Lane 1 (negative control) contains only labelled
of PPAR-γ proteins and labelled DNA probe, plus 200-fold unlabelled
oteins extracted from HT-29 cells treated with or without Mad (1, 3,
D36 and aP2 in HT-29 cells. Cells were treated with or without Mad
ints. The mRNA expressions of CD36 and aP2 were detected by using
ed to that of GAPDH in each sample. Data are expressed as means ±-
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secretion from HT-29 cells. As depicted in Figure 4B,
madecassoside (1, 3, 10, 30 μM) treatment up-regulated
HGF secretion by 2.4, 64.7, 119.3 and 133.7%
respectively.

We then examined the time course for madecassoside’s
promotion of HGF secretion in HT-29 cells. HT-29 cells were
treated with or without madecassoside (10 μM) for 6, 12, 24,
48 h respectively. Madecassoside substantially increased
HGF levels in cell supernatants with a peak at 24 h (Figure 4C).
In the subsequent experiments, the incubation time of 24 h
was used.

Effect of madecassoside on the expression and activation of PPAR-γ
in HT-29 cells and BLM-induced PF mice. HT-29 cells were
treated with madecassoside for 12 h, and the expression of
PPAR-γ mRNA was studied. As shown in Figure 5A,
madecassoside (10 μM) markedly increased PPAR-γ mRNA
expression.

In unstimulated cells, PPAR-γ is evenly distributed be-
tween the cytosolic and nuclear compartments, and it will
enter into the nucleus of cells after being activated. To assess
the effect of madecassoside on the activation of the PPAR-γ
signalling pathway, we firstly examined the nuclear translo-
cation of PPAR-γ by Western blot analysis. As shown in
Figure 5B, madecassoside treatment for 24 h concentration-
dependently decreased the cytosol protein level of PPAR-γ
but increased the nuclear level of PPAR-γ, suggesting that
madecassoside enhanced the nuclear translocation of PPAR-
γ in HT-29 cells.
Figure 6
Effect of madecassoside (Mad) on the expression and activation of PPAR-γ in
Relative mRNA expression of PPAR-γ in duodenum, jejunum, ileum, colon an
of Mad on relative mRNA expression of PPAR-γ in duodenums, jejunums, il
PPAR-γ was measured by using a Q-PCR assay. (C) Effect of Mad on relative
expressions of transcription factors were measured by using a Q-PCR assay.
*P < 0.05 versus model.
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Moreover, the effect of madecassoside on the DNA-
binding ability of PPAR-γ was assessed by EMSA. The nuclear
proteins were isolated from HT-29 cells treated with or with-
out madecassoside (1, 3, 10 μM) for 24 h. The data show that
madecassoside concentration-dependently increased the
DNA-binding of PPAR-γ to PPRE in HT-29 cells (Figure 5C).
In combination with findings obtained from the nuclear
translocation investigation, madecassoside was considered
to increase the transcriptional activity of PPAR-γ.

CD36 and adipocyte fatty acid-binding protein 4 (aP2) are
the two key target genes of PPAR-γ (Han et al., 2002). In HT-29
cells, madecassoside (1, 3, 10 μM) dramatically enhanced the
expressions of CD36 mRNA by 169.8, 421.9 and 958.8%. At
the concentration of 10 μM, madecassoside also enhanced
the expression of aP2 mRNA (Figure 5D).

To further verify the ability of madecassoside to enhance
PPAR-γ, we studied its effects on the expression and activation
of PPAR-γ in BLM-induced PF mice. In normal mice, PPAR-γ
mRNA was highly expressed in colons and lungs as
compared with small intestines (duodenum, jejunum and
ileum). In PF mice, the expression of PPAR-γ mRNA in
various tissues strikingly decreased, and madecassoside
(40 mg·kg�1) treatment dramatically elevated PPAR-γ ex-
pression in colons but not in other tissues (Figure 6A, B),
which also supports our aforementioned theory that the
colon is the primary site of action of madecassoside. More-
over, our data showed that madecassoside markedly facili-
tated the mRNA expressions of CD36 and aP2 in colons
of PF mice (Figure 6C).
intestinal tracts and lung tissues of mice with PF induced by BLM. (A)
d lung of normal mice was measured by using Q-PCR assay. (B) Effect
eums, colons and lung tissues of mice. Relative mRNA expression of
mRNA expressions of CD36 and aP2 in colons of mice. The relative
Data are expressed as means ± SEM, n = 6. #P < 0.05 versus normal;



Figure 7
Effects of PPAR-γ antagonist GW9662 and siRNA gene-silencing on the up-regulation of HGF in HT-29 cells by madecassoside (Mad) treat-
ment. (A) The PPAR-γ antagonist GW9662 attenuated the up-regulation by Mad of HGF secretion from HT-29 cells. Cells were treated
with GW9662 (1 μM), Mad (10 μM) or Mad (10 μM) + GW9662 (1 μM) for 24 h, then HGF concentration in the supernatants was de-
termined by using an ELISA assay. (B) PPAR-γ mRNA expression in HT-29 cells was determined by using a Q-PCR assay after being incu-
bated with or without three pairs of siRNA or scrambled RNA for 12 h. (C) PPAR-γ silencing attenuated the Mad-induced increase in HGF
secretion from HT-29 cells. Cells were treated with scrambled RNA (50 nM), siRNA-2 (50 nM), Mad (10 μM), Mad (10 μM) + scrambled
RNA (50 nM) or Mad (10 μM) + siRNA-2 (50 nM) for 24 h, then HGF concentration in the supernatant was determined by using an ELISA
assay. Data ware expressed as means ± SEM of three independent experiments. *P < 0.05, $P < 0.05 versus normal; †P < 0.05 versus
Mad.
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Taken together, these results indicate that madecassoside
enhances the expression and activation of PPAR-γ in the
colonic epithelial cells of mice with PF.
Effect of a PPAR-γ antagonist and siRNA gene-silencing on
madecassoside-mediated expression of HGF in HT-29
cells. The above findings demonstrated that made-
cassoside can facilitate HGF expression and PPAR-γ
activation in colonic epithelial cells. The internal
relationship between these two activities was verified by
using the specific antagonist GW9662 and siRNA gene-
silencing of PPAR-γ. GW9662 (1 μM) itself did not affect
HGF expression in HT-29 cells but markedly attenuated
madecassoside-mediated HGF expression (Figure 7A).
Furthermore, we silenced the PPAR-γ gene in HT-29 cells
with siRNA. As shown in Figure 7B, C, all three pairs of
siRNA successfully interfered with the expression of PPAR-
γ to different degrees. Pair 2 and Pair 3 were similarly
effective, and Pair 2 was chosen randomly. Notably, PPAR-
γ silencing prevented the increased HGF expression in HT-
29 cells induced by madecassoside, in contrast scrambled
RNA had little effect.
Effect of a PPAR-γ antagonist on
madecassoside-mediated generation of HGF
and amelioration of PF in BLM-treated mice
Finally, the correlation between activation of PPAR-γ,
consequent generation of HGF and eventual anti-PF
effect of madecassoside was verified. Mice were
intratracheally instilled with BLM, and administered
madecassoside (40 mg·kg�1, p.o.) and injected with the
PPAR-γ antagonist GW9662 (1 mg·kg�1) i.p. for 21 days.
The data show that GW9662 itself lacked significant
bioactivity. However, it almost completely prevented the
increased HGF levels caused by madecassoside in the
colons and sera of mice (Figure 8A, B), which accords
well with our in vitro findings (Figure 7A). Moreover,
Figure 8C–H shows that GW9662 was able to reverse the
anti-PF effect of madecassoside, as evidenced by lung
index, hydroxyproline content, mRNA expression of collagen
type I, histopathological changes and the level of α-SMA (a
molecular hallmark of myofibroblasts). These findings strongly
suggested that madecassoside attenuates BLM-induced PF by
activation of PPAR-γ and subsequent generation of HGF in
the colon.
British Journal of Pharmacology (2016) 173 1219–1235 1229



Figure 8
Effect of the PPAR-γ antagonist GW9662 on madecassoside (Mad)-mediated expression of HGF and amelioration of PF in BLM-treated in mice. (A)
The relative mRNA and protein expression of HGF in colons were measured by using a Q-PCR and ELISA assay respectively. (B) Relative protein
expression of HGF in serum was measured by using an ELISA assay. (C) The body wt (g) of each mouse was recorded and lung wet wt (mg)
was determined immediately after its removal from the mouse. The lung index (mg·g�1) was calculated by dividing the wet lung wt by the body
wt. (D) The content of hydroxyproline in the upper lobes of left lung tissues was measured by using kits according to the manufacturer’s instruc-
tions. (E) Relative mRNA expression of collagen type I in the right lung tissues was measured by using a Q-PCR assay. (F, G) Histopathological
changes in the lower lobes of left lung tissues were examined by H&E stain and Masson’s trichrome stain (original magnification 200×) respec-
tively. The histological scores of all groups were calculated. (H) The relative protein level of α-SMA in the right lung tissues was measured by using
a Western blot assay. The relative expressions of proteins were normalized to that of β-actin in each sample. Data are expressed as means ± SEM,
n = 6–8. #P < 0.05 versus normal; *P < 0.05 versus model; †P < 0.05 versus Mad.
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Discussion and conclusions
Our previous studies showed that p.o. madecassoside could
strikingly ameliorate the pathological changes and reduce
the collagen deposition in the lungs of mice with PF induced
by BLM instillation. The effect of madecassoside was prelimi-
narily attributed to inhibition of the inflammatory response,
oxidative stress and consequent TGF-β overexpression.
However, before madecassoside can be developed as an anti-
PF drug, it is important to elucidate themechanism andmode
by which it mediates its anti-PF effects.

The triterpenoid saponin ingredients in plants are barely
absorbed by the intestinal tract after p.o. administration.
Meanwhile, they are easily degraded and metabolized by in-
testinal flora, and are transformed into secondary glycosides
and aglycones (Hattori et al., 1983; Han et al., 2006; Paek
et al., 2006; Liang et al., 2007). All these actions result in ex-
tremely low plasma level of saponins. Our previous studies
demonstrated that madecassoside is eventually hydrolysed
into its aglycone madecassic acid by rat intestinal flora (Leng
et al., 2013). In this study, we compared the anti-PF activities
of madecassoside and madecassic acid. The data showed that
madecassic acid had little effect on PF induced by BLM in
mice, indicating that madecassoside might function by itself
rather than by converting to madecassic acid. In addition, we
demonstrated that the anti-PF effect of madecassoside was
not due to inhibition of early inflammation. These findings
indicate that madecassoside, but not its metabolite
madecassic acid, exerts a direct anti-PF effect. Of course, our
study could not exclude the possibility that the secondary
glycosides might be the active forms of madecassoside.

There are few reports suggesting that the intestinal tract
might be the target organ of natural products with low p.o.
bioavailabilities (Lu et al., 2009; Kang et al., 2011). Our recent
studies demonstrated that the anti-arthritic effect of p.o.
madecassoside was probably achieved by its ability to in-
crease IL-10 secretion from intestines (Wang et al., 2015).
Whether the anti-PF effect of madecassoside was also depen-
dent on the intestinal tract was explored by observing its
anti-PF activity when it was parenterally administered. Inter-
estingly, when madecassoside was given by i.p. injection at
the same dose as p.o., its anti-PF efficacy almost disappeared,
suggesting that the anti-PF effect of madecassoside is depen-
dent on an intact intestine.

The intestinal tract is the main local site that secretes
growth factors and pleiotropic cytokines (Porowski et al.,
2009). TGF-β, connective tissue growth factor, platelet de-
rived growth factor, HGF, EGFs, insulin-like growth factors,
FGFs, ILs, IFNs, TNF, etc. are involved in the pathogenesis of
PF, and can be roughly divided into profibrotic and anti-
fibrotic agents (Atamas and White, 2003; Luzina et al.,
2014). TGF-β is the most powerful profibrotic growth factor
that can stimulate the proliferation and differentiation of
fibroblasts as well as epithelial-mesenchymal transition, and
finally result in excessive production of ECM and an aberrant
repair process in the lung tissues of patients (Border and
Noble, 1994;Warburton et al., 2013). In contrast, endogenous
anti-fibrotic factors, such as IFN-γ, HGF, IL-10, Klotho and
BMP-7, play negative regulatory roles in PF. IFN-γ-1b can im-
prove the dyspnea symptoms of patients with idiopathic PF
(Raghu et al., 2004; Bouros et al., 2006); HGF suppresses the
fibrotic changes in the lung tissues of PF mice, and a small
molecule mimetic of HGF has been used to treat patients with
refractory PF (Yaekashiwa et al., 1997; Dohi et al., 2000;
Chakraborty et al., 2013); IL-10 gene delivered by rapid i.v. in-
jection has been shown to attenuate BLM-induced PF in mice
(Nakagome et al., 2006); Klotho inhibits TGF-β1 signalling
and suppresses renal fibrosis in mice (Doi et al., 2011); BMP-
7 markedly inhibits silica-induced PF by suppressing the
activation of the BMP-7/Smad and TGF-β/Smad pathways
(Yang et al., 2013).

The findings mentioned above allowed us to postulate
that madecassoside promotes the generation of endogenous
anti-fibrotic factors from the intestinal tract, and these factors
enter the blood circulation and lung tissues and display anti-
PF effects. To verify this hypothesis, we investigated the effect
of madecassoside on anti-fibrotic factors in the intestinal
tract, blood and lung tissues of mice. The results showed that
madecassoside did not affect the mRNA expressions of IL-10,
Klotho and BMP-7 in small intestines, colons and lungs, and
mRNA expressions of HGF and IFN-γ in small intestines and
lungs, but markedly increased the expressions of HGF and
IFN-γ mRNA in colon tissues of mice. In contrast,
madecassoside significantly up-regulated the protein levels
of HGF and IFN-γ in sera, lungs and colon tissues of mice.
These seemingly incompatible alterations in mRNA and pro-
tein levels of HGF and IFN-γ in the sera and lung tissues of
PF mice treated with madecassoside merited special atten-
tion. In combination with the pharmacokinetic features of
madecassoside, we speculated that the increased HGF and
IFN-γ in the mouse circulation and lung tissues evoked by
madecassoside were originating from colon tissues.

Spearman bivariate correlation analysis was performed to
assess the relationship between the increases in the two anti-
fibrotic factors HGF and IFN-γ and anti-PF efficacy of
madecassoside. As expected, the levels of HGF in lung tissues
of mice treated with madecassoside were significantly nega-
tively correlated with PF extent, and levels of IFN-γ were
moderately negatively correlated with PF extent. Addition-
ally, the increased HGF level induced by madecassoside was
closely related to that of the IFN-γ level. There are reports
indicating that HGF regulates the secretion of IFN-γ and is
involved in the immunomodulatory effect of the latter
(Wada et al., 2009; Benkhoucha et al., 2010). In agreement
with this, our present study demonstrated that the specific
HGF receptor antagonists (SU11274 and PHA-665752) mark-
edly decreased IFN-γ levels in the colons, sera and lungs of
mice with BLM-induced PF. These findings indicate that the
increase in IFN-γ in the colon tissues of PF mice induced by
madecassoside was secondary to that of HGF. Madecassoside
might ameliorate mouse PF by promoting the generation of
endogenous anti-fibrotic factors, in particular HGF, in the
colon tissues.

The effect of HGF is mediated by its specific receptor c-METa
TK receptor (Naldini et al., 1991). Active HGF binding to c-MET
results in the activation of the HGF/c-MET signalling pathway
and displays numerous bioactivities including an anti-PF action
(Crestani et al., 2012). In vitro, HGF inhibits TGF-β1-induced dif-
ferentiation of fibroblasts to the myofibroblast phenotype and
enhances apoptosis of myofibroblasts (Mizuno et al., 2005; Lee
et al., 2008). It also inhibits TGF-β-induced epithelial-
mesenchymal transition of rat alveolar epithelial cells (Shukla
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et al., 2009). Exogenous HGF can promote lung repair and re-
duce fibrosis in models of lung injury. Administration of HGF
protein or sustained expression of HGF using an adenovirus
markedly attenuates the fibrotic remodelling in both rat and
mouse PF models (Yaekashiwa et al., 1997; Adamson and
Bakowska, 1999; Dohi et al., 2000; Ebina et al., 2002). An
electrotransfer of HGF-encoding plasmid into muscle tissue
can suppress BLM-induced fibrotic remodelling inmice (Umeda
et al., 2004). Furthermore, it was found that a defect in the gen-
eration ofHGF in fibroblasts isolated from idiopathic PF patients
resulted in a level of HGF insufficient to prevent the occurrence
of PF, and the addition of exogenous HGF was found to reverse
fibrosis and promote lung repair (Marchand-Adam et al.,
2003). These findings indicate that HGF is deeply involved in
the pathogenesis of PF and has the potential to be of therapeutic
value for PF. In the present study, to ascertain whether p.o.
administration of madecassoside exerted its anti-PF effect by
up-regulating HGF, two different specific HGF receptor antago-
nists were employed in mice with PF induced by BLM. The data
show that both SU11274 and PHA-665752 almost completely
reversed the inhibitory effect of madecassoside on PF, further
demonstrating that the anti-PF effect of madecassoside was
dependent on HGF.

With regard to the underlying mechanism by which
madecassoside promotes HGF expression in the colon tissues
of mice with PF, we focused on PPAR-γ, for the following rea-
sons: (i) PPAR-γ functions mainly through ligand-dependent
translocation from the cytosol into the nucleus binding as a
heterodimer with the retinoid X receptor to specific DNA
response elements (PPREs) within promoters, inducing the
expression of several PPAR-γ-responsive genes, such as CD36
and aP2 (Ricote and Glass, 2007; Han et al., 2002). PPRE is
present in the promoter region of the HGF gene, which can
increase local HGF gene expression (Jiang et al., 2001); (ii)
the PPAR-γ level in the colon of normal mice is strikingly
higher than in other tissues. In the present study we further
demonstrated that the expression of PPAR-γ mRNAwas up-
regulated exclusively in the colon of BLM-instilled mice, but
not in small intestine and lung; (iii) PPAR-γ agonists
telmisartan and irbesartan have been shown to exert anti-
renal fibrosis actions via the PPAR-γ/HGF pathway (Kusunoki
et al., 2012; Kusunoki et al., 2013).

In vitro studies confirmed that madecassoside
concentration- and time-dependently facilitated the
expression of HGF in HT-29 cells. It also up-regulated the
mRNA expression, nuclear translocation and DNA-binding
activity of PPAR-γ, as well as the expressions of PPAR-γ
target genes CD36 and aP2. More importantly, both the
PPAR-γ antagonist GW9662 and siRNA interference attenu-
ated the madecassoside-induced increased expression of
HGF in HT-29 cells. In BLM-induced PF mice, madecassoside
was shown to facilitate the mRNA expressions of PPAR-γ,
CD36 and aP2, and GW9662 treatment almost completely
reversed the inhibitory effect of madecassoside on PF and
interfered with the promotion of HGF expression. These
findings strongly suggest that PPAR-γ might be the target
protein of madecassoside for its promotion of HGF genera-
tion in colon tissues and consequent anti-PF effect.

In conclusion, the potent anti-PF effects induced by
madecassoside in mice are not mediated by its metabolites
or itself after absorption into blood, but through activation
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of PPAR-γ and the subsequent generation of HGF in the colon.
The up-regulated HGF then probably enters the circulation
and lung to impede PF. To our knowledge, this is the first time
that the anti-PF mode of action of a compound with a
pharmacokinetic-pharmacodynamic disconnection has been
shown to be mediated by its effects on intestine-derived en-
dogenous inhibitory factors. The present study provides a
paradigm for the mechanistic studies of compounds with
similar characteristics to madecassoside.
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Figure S1 Effect of oral administration or intraperitoneal in-
jection of madecassoside (Mad) on bleomycin (BLM)-induced
pulmonary fibrosis (PF) in mice. (A) Body weight (g) of each
mouse was recorded and lung wet weight (mg) was deter-
mined immediately after being removed. The lung index
(mg/g) was calculated by dividing the wet lung weight by
the body weight. (B) The content of hydroxyproline in the
upper lobes of left lung tissues was measured by using kits ac-
cording to manufacturer’s instructions. (C) The mRNA ex-
pression of collagen type I in the right lung tissues was
measured by using Q-PCR assay. The relative expression of
transcription factors was normalized to that of GAPDH in
each sample. (D, E) Histopathological changes of the lower
lobes of left lung tissues were examined by hematoxylin and
eosin (H&E) stain and Masson’s trichrome stain (original
magnification 200×), respectively. The histological scores of
all groups were calculated. Data were expressed as means ±
S.E.M., n = 6-8. #p<0.05 vs. normal; *p<0.05 vs. model.
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Figure S2 Spearman rank test. (A) Correlations between the fi-
brosis scores and HGF contents in lung tissues obtained from
pulmonary fibrosis (PF) mice treated with madecassoside
(Mad). (B) Correlations between the fibrosis scores and IFN-γ
contents in lung tissues obtained from PF mice treated with
Mad. (C) Correlations between the IFN-γ contents and HGF
contents in colons and lung tissues obtained from PF mice
treated with Mad. Rs = Spearman’s rank correlation coeffi-
cient. P < 0.05 were considered as significant difference,
n = 5.
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