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Idiopathic pulmonary fbrosis (IPF) is a fatal interstitial lung disease. Bilobalide (BB) is a sesquiterpene isolated from Ginkgo
biloba, and its role in IPF is poorly understood. Mice were intratracheally instilled with 2.5mg/kg bleomycin (BLM) to induce IPF
and then treated with 2.5, 5, and 10mg/kg BB daily for 21 days. Treatment with BB ameliorated pathological injury and fbrosis of
lung tissues in BLM-induced mice. BB suppressed BLM-induced infammatory response in mice as demonstrated by reduced
infammatory cells counts (leukocytes, neutrophils, macrophages, and lymphocytes) and pro-infammatory factors (CCL2 and
TNF-α), as well as increased CXCL10 levels in BALF. Te expression of BLM-induced hydroxyproline, LDH, and pro-fbrotic
mediators including fbronectin, collagen I, α-smooth muscle actin (α-SMA), transforming growth factor (TGF)-β1, matrix
metalloproteinase (MMP)-2, and MMP-9 in lung tissue was inhibited by BB treatment, and the tissue inhibitor of
metalloproteinase-1 (TIMP-1) expression was increased. BB blocked the phosphorylation of JNK and NF-κB, and the nuclear
translocation of NF-κB in the lung tissue of mice induced by BLM. Additionally, it abated the activation of NLRP3 infammasome
in lung tissue induced by BLM, which led to the downregulation of IL-18 and IL-1β in BALF. Our present study suggested that BB
might ameliorate BLM-induced pulmonary fbrosis by inhibiting the early infammatory response, which is probably via the
inhibition of the JNK/NF-κB/NLRP3 signal pathway. Tus, BB might serve as a therapeutic potential agent for pulmonary
infammation and fbrosis.

1. Introduction

Idiopathic pulmonary fbrosis (IPF) is a common chronic
progressive fatal lung disease characterized by alveolar ep-
ithelial cell damage, chronic infammation, and abnormal
deposition of extracellular matrix (ECM), leading to pro-
gressive decline in lung function [1, 2]. It was reported that
there were 20 new cases per 100,000 people per year [3], and
it usually has a short median survival of about 3–5 years from
the time of diagnosis [4]. Although IPF afects millions of
patients worldwide and causes scarring of the lungs, its
etiology remains unclear [5]. In the past few years, several
factors have been suggested to be involved in the patho-
genesis of IPF, including infammation, epithelial-
mesenchymal transition (EMT), imbalance of ECM

degradation and collagen deposition, and oxidative stress
[6]. Oxidative stress and infammatory response may be two
important factors that trigger the disease and allow its
progression [7, 8]. At present, treatment options for IPF are
quite limited. Clinically, pirfenidone and nintedanib are the
frst-line agents for the treatment of mild and/or moderate
IPF, but their prognostic results are not satisfactory [9, 10].
Tus, exploring efective antioxidant or anti-infammatory
drugs is of great signifcance for the treatment of IPF.

Ginkgo biloba is an ancient Chinese tree that has been
used to treat a variety of ailments. Studies have shown that it
has benefcial efects on a variety of pathological conditions,
including hepatoprotection, photoprotective efects, DNA
repair mechanisms, antioxidant, and anti-infammatory
activities [11]. Standardized ginkgo extract EGb761 is
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a well-known Ginkgo biloba extract that dates back over
a century. It contains two main groups of bioactive com-
ponents: 24% favonol glycosides and 6% terpene trilactones
[12]. Bilobalide (BB) is one of the main components of
terpene trilactone [13], approximately accounting for
2.9–3.2% of EGb76 [14]. Currently, BB has been used as
a phytopharmaceutical or food supplement in numerous
countries [15]. Considerable evidence has been suggested
that BB has a wide range of therapeutic applications for
neurological and vascular injuries [16]. BB could activate
Akt/Nrf2 signal pathway to reduce oxidative stress, thereby
alleviating cerebral ischemia injury [17]. Additionally, BB
has been proven to have an anti-infammation efect. Goldie
and Dolan [18] reported that BB could alleviate carrageenan-
induced infammation and infammatory pain in rats by
inhibiting infammatory factor release. BB also inhibited the
expression of interleukin (IL)-17-induced infammatory
factors and matrix metalloproteinases (MMPs) and allevi-
ated infammatory damage in ATDC5 cells [19]. However,
an extensive literature and the patent search revealed a lack
of data on the efects of BB on IPF.

Based on the infammatory characteristics of IPF and the
anti-infammation properties of BB, we speculated that BB
could alleviate IPF by relieving infammatory response.
Bleomycin (BLM) is an antibiotic used in the treatment of
tumors. In clinical situations, the use of BLM was often
associated with pulmonary toxicity [20]. BLM-induced IPF
is the most commonly used animal model [21]. In our study,
the efect and mechanism of BB on IPF were investigated in
the BLM-induced mice model. Histopathological changes
were determined by routine staining. Pathological indexes
and markers of infammation and fbrosis were selected for
analysis. In addition, the tentative mechanism by which BB
alleviated IPF was discussed.

2. Material and Method

2.1.Animals. Male C57BL/6 mice were purchased fromHua
Fukang Biological Technology Co., Ltd. (Beijing, China).Te
animals were maintained under controlled temperature
(22± 1°C) and humidity (50± 5%) laboratory condition, and
all mice were acclimatized to the environment for 7 days.
Ethical approval from the Animal Experimental Ethics
Committee of the AfliatedHospital of ShandongUniversity
of Traditional ChineseMedicine was obtained for using mice
(NO. 2021-44).

Mice were arbitrarily allocated into fve groups: control,
BLM, BLM+2.5mg/kg BB, BLM+5mg/kg BB, and
BLM+10mg/kg BB group (12 animals in each group). Te
BLM group mice were challenged with BLM (2.5mg/kg)
(Dalian Meilun Biotechnology Co., Ltd., Dalian, China) by
intratracheal injection to induce IPF. Mice in the sham-
operated group were injected intratracheally with equal
amounts of sterile saline. After 2 hours, mice in the BB-
treated group were daily received diferent doses of BB
(Aladdin regents Co. Ltd., Shanghai, China) by in-
traperitoneal injection for 21 days. BB was formulated in
20% PEG400 dissolved in saline. Control mice received the
equivalent volume of the corresponding vehicle. Te mice in

each group were anesthetized, and the bronchoalveolar la-
vage fuid (BALF) was collected. Ten, the mice were eu-
thanized, and the lung tissues were obtained, photographed,
and weighed.

2.2. Morphological Studies. Hematoxylin-eosin (HE) stain-
ing was used for general histological changes. Te lung
samples were fxed in paraformaldehyde, embedded in
parafn, and sectioned. Te 5 μm lung slides were stained
with hematoxylin (Solarbio Science and Technology, Co.,
Ltd., Beijing, China) and eosin (Sangon, Shanghai, China).

Masson trichrome staining was used for the detection of
IPF. Te 5 μm lung slides were stained with Regaud’s he-
matoxylin solution for 6min. Following rinsed thoroughly
with water, sections were dipped in acid fuchsin solution
(Sinopharm Chemical Reagent Co., Ltd., Shanghai, China)
for 1min, 1% phosphomolybdic acid solution (Sinopharm
Chemical Reagent Co., Ltd., Shanghai, China) for 5min, and
aniline blue solution for 5min. Ten, sections were im-
mersed in 0.2% aqueous glacial acetic acid solution, dehy-
drated with gradient alcohol, clarifed with xylene, and
closed with neutral resin. Finally, the tissue sections were
observed under a microscope. Te severity of alveolitis and
fbrosis was scored using the Szapiel scoring system [20].

2.3. BALF Cell Count. BALF cells were resuspended in
phosphate-bufered saline (PBS) solution, and leukocytes in
BALF were quantifed by blood cell count. Subsequently, cell
smears were fxed in methanol for 15min and stained with
Giemsa staining solution (Nanjing Jiancheng Bio-
engineering Institute, Nanjing, China). Diferential cell
counts were analyzed under a light microscope.

2.4. Western Blot. Western and IP lysis bufer (Beyotime
Biotechnology, Shanghai, China) containing protease in-
hibitors (Beyotime Biotechnology, Shanghai, China) and
nuclear protein extract kit (Beyotime Biotechnology,
Shanghai, China) were applied for total and nuclear protein
extraction. Protein concentration was measured with
bicinchoninic acid (BCA) kit (Beyotime Biotechnology,
Shanghai, China). Protein samples resolved by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (Beyotime Biotechnology, Shanghai, China) were
transferred to polyvinylidene fuoride (PVDF) membrane
(Millipore, Billerica, MA, USA). After sealing the PVDF
membrane for an hour, the membranes were incubated
overnight at 4°C with primary antibodies diluted in blocking
bufer and secondary antibodies for 45min at 37°C. Sec-
ondary antibodies were detected by enhanced chem-
iluminescence (ELC) kit (Beyotime Biotechnology,
Shanghai, China). Information for primary antibodies was as
follows: anti-Fibronectin, anti-NLRP3, anti-ASC (1 :1000,
ABclonal Biotechnology,Wuhan, China), anti-Collagen I (1 :
500), anticleaved caspase-1, anti-JNK, anti-p-JNK, anti-
p-p65 (1 :1000, Afbiotech, Changzhou, China), anti-p65 (1 :
1000, CST, Danvers, MA, USA), anti-α-SMA (1 :1000),
histone H3 (1 : 2000), β-actin (1 :10000, Proteintech
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Group, Inc., Wuhan, China). Information for secondary
antibodies was as follows: goat anti-rabbit horseradish
peroxidase (HRP) and goat anti-mouse HRP (Beyotime
Biotechnology, Shanghai, China).

2.5. Reverse TranscriptionQuantitative Real-TimePolymerase
Chain Reaction (RT-qPCR). Total RNA was extracted using
TriPure reagent (BioTeke Bio., Beijing, China). RNA con-
centration and quality were measured using Nano 2000
(Termo Fisher Scientifc Inc., Pittsburgh, PA, USA). Re-
verse RNA transcription was performed with BeyoRT II
M-MLV reverse transcriptase (Beyotime Biotechnology,
Shanghai, China). Synthesized cDNA was subjected to RT-
qPCR reaction on Exicycler 96 (Bioneer Corporation,
Daejeon, Korea) using SYBR green (Solarbio Science and
Technology, Co., Ltd., Beijing, China). Data were quantifed
using 2−ΔΔCt method and expressed as a ratio of β-actin.
Information for gene sequence was as follows: MMP-2:
forward, CCC CGA TGC TGA TAC TGA; reverse, CTG
TCC GCC AAA TAA ACC. MMP-9: forward, TGG GAC
CAT CAT AAC ATC AC; reverse, ATG ACA ATG TCC
GCT TCG. TIMP-1: forward, TGG GAA ATG CCG CAG
ATA; reverse, GCC AGG GAA CCA AGA AGC.

2.6. Immunofuorescence (IF) and Immunohistochemistry
(IHC) Analysis. IF and IHC were carried out on parafn-
embedded samples after dewaxing and rehydration. For IF
staining, the lung sections were incubated with primary an-
tibody against NOD-like receptor family pyrin domain con-
taining 3 (NLRP3) (ABclonal Biotechnology, Wuhan, China)
at a dilution of 1 :100 at 4°C overnight and secondary antibody
against Cy3-conjugated goat-anti-rabbit IgG (Invitrogen,
Carlsbad, CA,USA) at a dilution of 1 : 200 at room temperature
for an hour. 4′,6-diamidino-2-phenylindole (DAPI) (Aladdin
regents Co. Ltd., Shanghai, China) was used for for nuclear
labeling. Te sections were examined under a microscope.

Te sections for IHC staining were treated with 3%
hydrogen peroxide (Sinopharm Chemical Reagent Co., Ltd.,
Shanghai, China) for 15min and blocked by 1% bovine
serum albumin (BSA) for 15min. Ten, sections were im-
munostained with primary antibody (TGF-β1, Afbiotech,
Changzhou, China) and secondary antibody (HRP-
conjugated goat-anti-rabbit IgG, Termo Fisher Scientifc
Inc., Pittsburgh, PA, USA). Diaminobenzidine (DAB)
(Maxim Biotech, Fuzhou, China) was employed as a de-
veloper, and hematoxylin was used for counterstaining. IHC
images were captured under a microscope.

2.7. Enzyme-Linked Immunosorbent Assay (ELISA). C-C
motif chemokine ligand 2 (CCL2), chemokine C-X-C li-
gand 10 (CXCL10), tumor necrosis factor (TNF)-α, IL-1β,
and IL-18 levels in BALF were determined using corre-
sponding commercially available ELISA kits. Te in-
formation of used ELISA kits was as follows: Mouse CCL2
ELISA kit, Mouse CXCL10 ELISA kit, Mouse TNF-α ELISA
kit, Mouse IL-1β ELISA kit, and Mouse IL-18 ELISA kit
(MultiSciences Biotech, Hangzhou, China).

2.8. Lactate Dehydrogenase (LDH) and Hydroxyproline
Content Assay. LDH and hydroxyproline levels in BALF or
lung tissues were detected using an LDH assay kit or
hydroxyproline assay kit (Jiancheng Bioengineering In-
stitute, Nanjing, China).

2.9. Statistical Analysis. Te data were analyzed using
Graphpad Prism 8.0 (GraphPad Software, La Jolla, CA,
USA). All data are presented as mean± standard deviation
(SD). Signifcance was measured with a one-way analysis of
variance (ANOVA) for multiple comparisons. P-value less
than 0.05 was regarded as indicating statistical signifcance.

3. Results

3.1. Bilobalide Attenuated BLM-Induced Pulmonary Fibrosis
in Mice. In BLM-induced IPF mice, there were signs of
structural damage of the lung tissue and ameliorated by BB
treatment (Figure 1(b)). Meanwhile, BB treatment obviously
attenuated BLM-induced lung index increase (Figure 1(c)).
Furthermore, H&E and Masson staining were performed to
confrm the alleviation of BB for BLM-induced IPF. H&E
staining showed the presence of interstitial septal thickening,
infammatory infltration, fbrotic nodules, and alveolar
structural changes after BLM administration (Figure 1(d)).
Masson staining demonstrated the signifcant collagen f-
brosis in the BLM group compared with the control group
(Figure 1(f)). In addition, scores of alveolitis and lung f-
brosis were signifcantly higher than that of the control
group (Figures 1(e) and 1(g)). Remarkably, these phe-
nomena were alleviated by BB treatment (Figures 1(d)–1(g)).
Hydroxyproline content is an important marker refecting
the degree of collagen tissue metabolism and IPF [22]. Te
high levels of hydroxyproline caused by BLM were signif-
icantly reversed by BB administration (Figure 1(h)). Overall,
the above results suggested that BB could alleviate BLM-
induced IPF.

3.2. Bilobalide Down-Regulated the Fibrosis Factor Expression
in BLM-Induced Mice. Subsequently, we measured the
protein levels of fbronectin, α-SMA and collagen I, bio-
markers of fbrosis, with Western blot. Figure 2(a) shows
that those protein levels were enhanced in the BLM group. In
contrast, these trends were reversed by BB (Figure 2(a)). At
the same time, the gene expression of MMP-2 and MMP-9
was signifcantly decreased by BB administration and ac-
companied by increased TIMP-1 expression (Figures 2(b)–
2(d)). Te expression of pro-fbrotic protein TGF-β1 fol-
lowed the same trend as MMPs (Figure 2(e)).

3.3. Bilobalide Mediated Antipulmonary Fibrosis Response by
Inhibiting Infammation. In this model, the anti-
infammation efect of BB was tested. Compared with un-
treated mice, leukocyte, neutrophil, lymphocyte, and mac-
rophage counts in BALF were signifcantly increased in
BLM-treated mice (Figures 3(a)–3(d)), whereas BB ad-
ministration markedly decreased these cell counts
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Figure 1: Bilobalide attenuated BLM-induced pulmonary fbrosis in mice. (a)Temurine pulmonary fbrosis model was induced with BLM
of 2.5mg/kg, and diferent doses of bilobalide were administered intraperitoneally after 2 hours. (b) After 21 days, all mice were executed,
and the lung samples were excised and photographed. (c) Lung/body weight index. (d) Representative images of H&E lung sections (scale
bar� 100 μm). (e) Histological score of H&E staining. (f ) Masson trichrome staining of lung sections. Blue color indicates fbrosis (scale
bar� 50 μm). (g) Fibrosis score based on Masson staining. (h) Lung hydroxyproline content. Data were reported as means± SD, n� 6.
∗∗P< 0.01 vs. control, #P< 0.05 vs. BLM, ##P< 0.01 vs. BLM. BLM, bleomycin. H&E, hematoxylin and eosin. SD, standard deviation.

4 Evidence-Based Complementary and Alternative Medicine



15

10

5

Fi
br

on
ec

tin
 (β

-a
ct

in
)

0

**

##

#

2.5 5

BLM+BB

10

20

15

10

5C
ol

la
ge

n 
I (

β-
ac

tin
)

0

**

##

##

##

2.5 5

BLM+BB

10

6

4

2

α-
SM

A
 (β

-a
ct

in
)

0

**

##

##

C
on

tro
l

BL
M

C
on

tro
l

BL
M

C
on

tro
l

BL
M 2.5 5

BLM+BB

10

β-actin

α-SMA

Collagen I

Fibronectin

C
ontrol

BLM

BLM+BB
2.5 5 10

(a)
5

3

4

2

1

M
M

P-
2 

m
RN

A
 ex

pr
es

sio
n

0

**

##
C

on
tro

l

BL
M 2.5 5

BLM+BB
10

(b)
6

4

2

M
M

P-
9 

m
RN

A
 ex

pr
es

sio
n

0

**

##

2.5 5
BLM+BB

10

C
on

tro
l

BL
M

(c)
1.5

1.0

0.5

TI
M

P-
1 

m
RN

A
 ex

pr
es

sio
n

0

**

##

2.5 5
BLM+BB

10

C
on

tro
l

BL
M

(d)
Figure 2: Continued.
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(Figures 3(a)–3(d)). Meanwhile, BB decreased BLM-induced
expression of CCL2 and TNF-α (Figures 3(f) and 3(g)).
Furthermore, treatment with BB induced a dose-dependent
increase in CXCL10 (Figure 3(e)).

3.4. Bilobalide Inhibited the Activation of NLRP3 Infam-
masome in BLM-InducedMice. To further explore the efect
of BB on infammation, we also examined infammation-
related signal pathways. Data revealed that the protein levels
of NLRP3, ASC, and cleaved-caspase-1 in mice exposed to
BLM treatment exhibited an obvious elevation (Figure 4(a)).
BB therapy remarkably attenuated these protein levels
(Figure 4(a)). Indeed, comparable results of NLRP3 were
obtained by immunofuorescence (Figure 4(b)). BB treat-
ment signifcantly decreased the levels of IL-18, IL-1β, and
LDH in BLM-induced IPF (Figures 4(c)–4(e)).

3.5. Bilobalide Suppressed BLM-Induced Infammation via
JNK/NF-κB Pathway. A previous study has suggested that
JNK/NF-κB might involve in the activation of NLRP3
infammasome. [23]. As results show, BB signifcantly
inhibited the BLM-induced increase in not only JNK
phosphorylation (Figure 5(a)) but also p65 phosphorylation
(Figure 5(b)). Meanwhile, the nuclear translocation of p65
was markedly reduced by BB administration (Figure 5(c)).

4. Discussion

IPF is a progressive disease with a poor prognosis and
limited treatment options. Te initial stage of IPF patho-
genesis is dominated by alveolar infammation and massive
infammatory cell infltration, followed by massive fbroblast
proliferation and collagen accumulation in the middle and/
or late stages, and fnally developed into irreversible in-
terstitial lung fbrosis [24]. Research reported that BLM-
induced IPF usually was accompanied by pulmonary oe-
dema resulting in increased lung wet weight [25], which was
consistent with our results, while BB could relieve this. BB-
induced reduction in lung index showed potential for lung
tissue protection. Wet lung weight is used as an indicator of
pulmonary infammation and fbrosis [26]. Our HE and
Masson trichrome staining results showed that BLM-treated
mice exhibited signifcant lung histopathological damage as

well as an increased degree of infammatory infltration and
lung fbrosis, indicating successful modeling of IPF. In
addition to histopathology, hydroxyproline measurement
could also refect the status of IPF. Hydroxyproline is
a unique component of the collagen fbrils in ECM, and one
of the main features of IPF is the deposition of ECM [27]. In
our results, the degree of alveolar infammation and fbrosis
and hydroxyproline content was remarkably reduced after
BB treatment suggesting a signifcant protective efect of BB
on BLM-induced IPF mice.

BLM-induced pulmonary fbrosis is thought to have an
early partial infammatory phase, followed by a fbrotic
phase [28]. Enhanced early infammatory events are critical
for the development of pulmonary fbrosis in mice. In-
fammatory factors as well as chemokines have been sug-
gested to be key factors in early infammatory events,
during the early stage of pulmonary fbrosis [29]. TNF-α
was involved in the pro-infammatory and pro-fbrotic
activities of IPF, and its overexpression typically led to
the development of IPF [30, 31]. CCL2 belongs to the CC
chemokine family and is formed under pathological con-
ditions by pro-infammatory stimuli such as TNF-α [32].
Animal model studies have identifed a trend of increased
CCL2 in IPF [33, 34]. Our fnding showed that BB could
reduce BLM-induced lung injury and infammation, which
was supported by reduced cell counts (leukocyte, neutro-
phil, lymphocyte, and macrophage), the levels of CCL2 and
TNF-α in BALF, and increased CXCL10 levels. A previous
study has shown that the reduction in IPF was associated
with a decrease in leukocyte, neutrophil, lymphocyte, and
macrophage accumulation [35]. It was noteworthy that in
our results, CXCL10 expression showed a gradual increase
after BB treatment. CXCL10 is often recognized as an
infammatory chemokine. However, Keane and colleagues
[36] found that exogenous CXCL10 inhibits IPF, and its
downregulation contributes to IPF lung development. It
has antiangiogenic efects and inhibits fbroblast migration
in response to the accumulation of fbroblasts in IPF. Tager
et al. [37] likewise suggested that CXCL10 functions as an
inhibitor of fbroblast chemotactic activity. Te changes in
up-regulated or down-regulated expression of in-
fammatory factors and cytokines elucidated the hypothesis
of that BB treatment has a mitigating efect on BLM-
induced IPF.

Control BLM BLM+BB (2.5 mg/kg) BLM+BB (5 mg/kg) BLM+BB (10 mg/kg)

TG
F-

β1

(e)

Figure 2: Bilobalide down-regulated the fbrosis factor expression in BLM-induced mice. (a) Analysis of fbronectin, collagen I, and α-SMA
expression levels was performed byWestern blot. (b–d) Gene expression levels of MMP-2 (b), MMP-9 (c), and TIMP-1 (d) were determined
via RT-qPCR. (e) TGF-β1 immunohistochemical staining (scale bar� 50 μm). Data were reported as means± SD, n� 6. ∗∗P< 0.01 vs.
control, #P< 0.05 vs. BLM, ##P< 0.01 vs. BLM. MMP, matrix metallopeptidase. TIMP-1, tissue inhibitor of metalloproteinase 1. RT-qPCR,
reverse transcription quantitative real-time polymerase chain reaction.
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Moreover, infammatory cell infltration and the release
of infammatory factors are also accompanied by the de-
position of ECM, which exacerbates the pathogenesis of IPF.
TGF-β1 is an important and potent pro-fbrotic mediator in
many fbrotic diseases including IPF [38]. It is involved in
the development of IPF mainly by stimulating fbroblast
activation and modulating EMT [39]. EMT, as an important
part of the pathological process of IPF, is mainly manifested
by increased expression of the mesenchymal marker α-SMA
[40]. In addition, the activation of lung fbroblasts is the key
rate-limiting step in IPF. Continuous pathogenic stimula-
tion induces fbroblast activation and transforms into
myofbroblasts, which secrete large amounts of ECM,
leading to ECM deposition and thus accelerating the de-
velopment of IPF [41]. Collagen I and fbronectin are f-
broblast markers [42]. TGF-β1 has been proven to regulate
the overexpression of fbrogenic proteins, such as Collagen I,
fbronectin, and α-SMA, and thus exacerbate IPF [43]. Our
results showed that BB treatment reduced the expression of
Collagen I, fbronectin, α-SMA, and TGF-β1, indicating that
BB might reduce these fbrogenic proteins by inhibiting
TGF-β1 expression, thereby relieving IPF. Pan et al. [44]
have reported that Ginkgo biloba extract EGb761 could
decrease the expression of TGF-β1 and α-SMA to attenuate
IPF. MMPs and TIMP-1 are key factors in ECM degradation
and remodeling. MMPs promote the development of IPF,
and its expression could be regulated by TIMP-1 [45]. Te

inhibitory or promoting efect of Ginkgo biloba extract-
EGb761 on MMPs and TIMP-1 has been shown [46], which
is consistent with our results.

Activation of NLRP3 infammasome plays a crucial role
in IPF [47]. Xiong et al. [48] reported that BLM induced
a direct fbrogenic efect on IPF by up-regulating collagen
expression and promoting infammatory factors release via
JNK/NF-κB pathway. However, the relationship between BB
andNLRP3 or JNK/NF-κB signaling pathways in IPF has not
been clarifed. Te results of this study showed that BB
signifcantly reduced BLM-induced activation of NLRP3 and
NF-κB. In addition, BLM increased the phosphorylation of
JNK, while BB treatment reversed this. Te results showed
that BB was involved in the protective efect of lung fbrosis
mice through NLRP3 and JNK/NF-κB signaling pathways.
Tis result was supported by previous studies. Te report
showed that high levels of JNK phosphorylation were closely
associated with fbroblast to integrate fbroblast diferenti-
ation in IPF [49]. By targeting downstream signaling mol-
ecules such as NF-κB, JNK exacerbated BLM-induced lung
tissue fbrosis and infammation [50]. NF-κB is known to be
upstream of NLRP3 [51], and the overexpression of NLRP3
exacerbates the release of infammatory factors IL-1β and IL-
18. Te report has shown that Ginkgo biloba extract EGb761
had the potential to inhibit the activation of the NF-κB
pathway [44]. In this study, we reported for the frst time that
BB inhibited the activation of JNK/NF-κB and NLRP3 in
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Figure 3: Bilobalide mediated antipulmonary fbrosis response by inhibiting infammation. Total cell numbers of leukocytes (a), neutrophils
(b), lymphocytes (c), and macrophages (d) in BALF were determined by Giemsa staining. CXCL10 (e), CCL2 (f), and TNF-α (g) content in
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Figure 4: Bilobalide inhibited the activation of NLRP3 infammasome in BLM-induced mice. (a) Analysis of NLRP3, ASC, and cleaved-
caspase-1 expression levels was performed by Western blot. (b) NLRP3 immunofuorescence staining (scale bar� 50 μm). IL-1β (c) and IL-
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IPF, but we have only preliminarily explored the mecha-
nisms. Endeavors to dissect the molecular mechanisms of
JNK, NF-κB, and NLRP3 signaling will provide more valid
and reliable evidence for the role of BB in protecting against
BLM-induced pulmonary infammation and fbrosis.

5. Conclusions

In conclusion, we investigated the efects of BB on BLM-
induced pulmonary fbrosis and elucidated the underlying
mechanisms. Administered in the early infammatory phase,
BB had a protective efect on pulmonary fbrosis in mice
induced by BLM, which might be related to the inhibition of
early infammatory response and amelioration of ECM
deposition. Te underlying mechanism might be via the
inhibition of the JNK/NF-κB/NLRP3 signal pathway. A
summary of the proposed mechanism is shown in Figure 6.
Overall, this study may provide some new insights into the
mechanism of action of BB in the treatment of pulmonary
infammation and fbrosis.

Data Availability

Te data used to support the fndings of this study are
available from the corresponding author upon reasonable
request.

Conflicts of Interest

Te authors declare that there are no conficts of interest
regarding the publication of this paper.

Acknowledgments

Tis work was supported by the Surface Project of Natural
Science Foundation of Shandong Province (under grant no.
ZR2020MH351) and the National Natural Science Foun-
dation of China (under grant no. 81641190).

References

[1] S. Saito, A. Alkhatib, J. K. Kolls, Y. Kondoh, and J. A. Lasky,
“Pharmacotherapy and adjunctive treatment for idiopathic
pulmonary fbrosis (IPF),” Journal of Toracic Disease, vol. 11,
no. S14, pp. S1740–s1754, 2019.

[2] L. Richeldi, H. R. Collard, and M. G. Jones, “Idiopathic
pulmonary fbrosis,” Te Lancet, vol. 389, no. 10082,
pp. 1941–1952, 2017.

[3] P. W. Noble, C. E. Barkauskas, and D. Jiang, “Pulmonary
fbrosis: patterns and perpetrators,” Journal of Clinical In-
vestigation, vol. 122, no. 8, pp. 2756–2762, 2012.

[4] G. Raghu, “Diagnosis of idiopathic pulmonary fbrosis,” An
Ofcial ATS/ERS/JRS/ALAT Clinical Practice Guideline,
vol. 198, no. 5, pp. e44–e68, 2018.

[5] S. Y. Park, J. Y. Hong, S. Y. Lee et al., “Club cell-specifc role of
programmed cell death 5 in pulmonary fbrosis,” Nature
Communications, vol. 12, no. 1, 2021.

[6] K. C. Meyer, “Pulmonary fbrosis, part I: epidemiology,
pathogenesis, and diagnosis,” Expert Review of Respiratory
Medicine, vol. 11, no. 5, pp. 1–17, 2017.

[7] A. D. Kandhare, A. Mukherjee, P. Ghosh, and
S. L. Bodhankar, “Efcacy of antioxidant in idiopathic pul-
monary fbrosis: a systematic review and meta-analysis,”
EXCLI journal, vol. 15, pp. 636–651, 2016.

[8] R. Malaviya, J. D. Laskin, and D. L. Laskin, “Anti-TNFα
therapy in infammatory lung diseases,” Pharmacology and
Terapeutics, vol. 180, pp. 90–98, 2017.

[9] H. E. Jo, S. Randhawa, T. J. Corte, and Y.Moodley, “Idiopathic
pulmonary fbrosis and the elderly: diagnosis and manage-
ment considerations,” Drugs and Aging, vol. 33, no. 5,
pp. 321–334, 2016.

0

2

4

6

8
p-

JN
K/

JN
K

C
on

tro
l

BL
M 2.5 105

BLM+BB

**

##
##

##

(a)

0

5

10

15

p-
p6

5/
β-
ac
tin

C
on

tro
l

BL
M 2.5 105

BLM+BB

**

##

##

#

(b)

0

2

4

6

nu
cle

ar
 p

65
 (H

ist
on

e H
3)

C
on

tro
l

BL
M 2.5 105

BLM+BB

**

## ##

##

(c)

C
on

tro
l

BL
M

2.5 105
BLM+BB

JNK

p-JNK

p-p65

β-actin

Nuclear p65

Histone H3

(d)

Figure 5: Bilobalide suppressed BLM-induced infammation via JNK/NF-κB pathway. Analysis of p-JNK (a), p-p65 (b), and nuclear p65 (c).
Expression levels were performed by Western blot. (d) Representative Western blot bands for JNK, p-JNK, p-p65, nuclear p65, β-actin, and
Histone H3. Data were reported as means± SD, n� 6. ∗∗P< 0.01 vs. control, #P< 0.05 vs. BLM, ##P< 0.01 vs. BLM.

Pulmonary
inflammation
and fibrosis

IL-1β IL-18

Caspase-1

ASC
NLRP3

CCL2
TNF-α
CXCL 10

p

p

NF-κB

Bilobalide

JNK

Figure 6: Diagram depicting the regulation mechanism of bilo-
balide in ameliorating pulmonary fbrosis. Bilobalide inhibited
infammatory cytokines release by reducing the phosphorylation of
the JNK/NF-κB pathway and the activation of NLRP3 to inhibit the
infammatory response in pulmonary fbrosis.

Evidence-Based Complementary and Alternative Medicine 9



[10] T. Ogura, H. Taniguchi, A. Azuma et al., “Safety and phar-
macokinetics of nintedanib and pirfenidone in idiopathic
pulmonary fbrosis,” European Respiratory Journal, vol. 45,
no. 5, pp. 1382–1392, 2015.

[11] V. S. Sierpina, B. Wollschlaeger, and M. Blumenthal, “Ginkgo
biloba,” American Family Physician, vol. 68, no. 5, pp. 923–
926, 2003.

[12] Z. Feng, Q. Sun, W. Chen, Y. Bai, D. Hu, and X. Xie, “Te
neuroprotective mechanisms of ginkgolides and bilobalide in
cerebral ischemic injury: a literature review,” Molecular
medicine (Cambridge, Mass.), vol. 25, no. 1, 2019.

[13] S. Jaracz, S. Malik, and K. Nakanishi, “Isolation of ginkgolides
A, B, C, J and bilobalide from G. biloba extracts,” Phyto-
chemistry, vol. 65, no. 21, pp. 2897–2902, 2004.

[14] J. Xiang, F. Yang, W. Zhu et al., “Bilobalide inhibits in-
fammation and promotes the expression of Aβ degrading
enzymes in astrocytes to rescue neuronal defciency in AD
models,” Translational Psychiatry, vol. 11, no. 1, 2021.

[15] W. Jiratchariyakul and G. B. Mahady, “Overview of botanical
status in EU, USA, and Tailand,” Evidence-based Comple-
mentary and Alternative Medicine, vol. 2013, Article ID
480128, 13 pages, 2013.

[16] R. Wu, L. Shui, S. Wang, Z. Song, and F. Tai, “Bilobalide
alleviates depression-like behavior and cognitive defcit in-
duced by chronic unpredictable mild stress in mice,”
Behavioural Pharmacology, vol. 27, no. 7, pp. 596–605, 2016.

[17] Q. Liu, Z. Jin, Z. Xu et al., “Antioxidant efects of ginkgolides
and bilobalide against cerebral ischemia injury by activating
the Akt/Nrf2 pathway in vitro and in vivo,” Cell Stress and
Chaperones, vol. 24, no. 2, pp. 441–452, 2019.

[18] M. Goldie and S. Dolan, “Bilobalide, a unique constituent of
Ginkgo biloba, inhibits infammatory pain in rats,” Behav-
ioural Pharmacology, vol. 24, no. 4, pp. 298–306, 2013.

[19] D. Mao, H. Li, L. Zhang, J. Xu, C. Yu, and Q. Zhang,
“Bilobalide alleviates IL-17-induced infammatory injury in
ATDC5 cells by downregulation of microRNA-125a,” Journal
of Biochemical and Molecular Toxicology, vol. 33, no. 12, 2019.

[20] A. Moeller, K. Ask, D. Warburton, J. Gauldie, and M. Kolb,
“Te bleomycin animal model: a useful tool to investigate
treatment options for idiopathic pulmonary fbrosis?” Te
International Journal of Biochemistry and Cell Biology, vol. 40,
no. 3, pp. 362–382, 2008.

[21] S. V. Szapiel, N. A. Elson, J. D. Fulmer, G. W. Hunninghake,
and R. G. Crystal, “Bleomycin-induced interstitial pulmonary
disease in the nude, athymic mouse,” American Review of
Respiratory Disease, vol. 120, no. 4, pp. 893–899, 1979.

[22] M. Skytte Rasmussen, S. Mouilleron, B. Kumar Shrestha et al.,
“ATG4B contains a C-terminal LIR motif important for
binding and efcient cleavage of mammalian orthologs of
yeast Atg8,” Autophagy, vol. 13, no. 5, pp. 834–853, 2017.

[23] S. Mangali, A. Bhat, M. P. Udumula, I. Dhar, D. Sriram, and
A. Dhar, “Inhibition of protein kinase R protects against
palmitic acid-induced infammation, oxidative stress, and
apoptosis through the JNK/NF-kB/NLRP3 pathway in cul-
tured H9C2 cardiomyocytes,” Journal of Cellular Bio-
chemistry, vol. 120, no. 3, pp. 3651–3663, 2019.

[24] I. Noth and F. J. Martinez, “Recent advances in idiopathic
pulmonary fbrosis,” Chest, vol. 132, no. 2, pp. 637–650, 2007.

[25] Y. Zhou, Y. Gao, Y. Chen, R. Zheng, W. Zhang, and M. Tan,
“Efects of lettuce glycoside B in ameliorating pulmonary
fbrosis induced by irradiation exposure and its anti-oxidative
stress mechanism,” Cell Biochemistry and Biophysics, vol. 71,
no. 2, pp. 971–976, 2015.
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