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Background: The aim of this study was to show whether the standardized Ginkgo biloba extract EGb761, a traditional Chinese
medicine, has a therapeutic effect on pulmonary fibrosis (PF).

Material/Methods: Bleomycin (BLM) was used for establishing the PF mouse model. The mice were treated with a gradient of
EGb761 for 28 days to determine an appropriate drug dose. On day 28, the effect of EGb761 on lung injury
and inflammation was confirmed by hematoxylin and eosin and Masson staining and evaluated by pulmonary
alveolitis and Ashcroft score. The balance of M1/M2 macrophages was evaluated with the respective markers
inducible nitric oxide synthase and and interleukin-10 by real-time polymerase chain reaction. Furthermore, the
expressions of fibrosis-associated protein a-smooth muscle actin (SMA), related inflammatory protein trans-
forming growth factor (TGF)-B1, the apoptosis-related proteins B-cell lymphoma-associated X protein (Bax),
B-cell lymphoma (Bcl)-2, caspase-3, caspase-9, and phosphorylated nuclear factor (NF)-kB (p65) were assessed
by western blot.

Results: On day 28, PF was induced by treating with BLM, whereas EGb761 suppressed the PF of lung tissue. The BLM-
induced imbalance of M1/M2 macrophages was reduced by EGb761. Furthermore, the increasing amounts of
0-SMA and TGF-B1 induced by BLM were suppressed by EGb761. In addition, the protein or messenger ribonu-
cleic acid expression levels of phosphorylated NF-«xB (p65), caspase-3, and caspase-9 were upregulated, where-
as Bax and Bcl-2 were downregulated. Treatment with EGb761 restored the levels of these proteins except for
caspase-9.

Conclusions: This study illustrated the protective effect of EGb761 on BLM-induced PF by regulating the balance of M1/M2
macrophages and NF-kB (p65)-mediated apoptosis. The results demonstrated the potential clinical therapeu-
tic effect of EGb761, providing a novel possibility for curing PF.
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Material and Methods

Pulmonary fibrosis (PF) is a chronic disease characterized by
respiratory architecture injury and remodeling as well as het-
erogeneous fibroblast replacement [1,2]. The prevalence of PF
is over 60 per 100 000 persons and has had a dramatic up-
ward trend in recent years [3,4]. Much evidence reveals that
idiopathic PF (IPF) has a poor prognosis; the overall survival
rate of patients with IPF is no more than 5 years [5].

The pathogenesis of IPF is thought to have two causes. One
is the unreversed extracellular matrix (ECM) sedimentation
and lung chronic progressive inflammation. The other one is
epithelial-to-mesenchymal transition (EMT) that has been re-
vealed as a relevant contributor to IPF [6].

Macrophages are a type of immune cell involved in the patho-
genesis of IPF via recruitment of other immune cells and se-
cretion of proinflammatory cytokines to induce the prolifera-
tion and activation of collagen-secreting myofibroblasts [7-9].
Macrophages can functionally polarize into M1 or M2 forms
during environmental changes [10]. M1 macrophages are acti-
vated in the initial inflammatory response, whereas M2 macro-
phages mediate tissue remodeling [11]. More important, M1/M2
macrophage polarization and the balance between M1 and M2
macrophages play a crucial role in the progression of fibrotic
diseases [12,13]. Macrophages also generate reactive oxygen
species (ROS) while initiating the immune response. The gener-
ated ROS induce the expression of transforming growth factor-
(TGF-B1), which is an integral factor in fibrosis development via
promotion of the EMT [14-17]. However, the increase in alveo-
lar epithelial cell (AEC) apoptosis and the chronic and repetitive
injury of AECs are implicated in the progression of IPF [18-21].
The gene expression profile of IPF patients has shown that the
expression of epithelial proliferation and apoptosis-associated
genes has increased [20]. Many studies support the hypothesis
that apoptosis of AECs is the key factor in IPF [22-24].

The current pharmacological therapeutic approaches for PF
involve treatment with corticosteroids, immunosuppressants,
antifibrotic drugs, and cytotoxins [25,26], with no satisfac-
tory result [27]. Therefore, developing or obtaining effective
drugs for PF therapy remains a huge and pressing challenge.
The standardized Ginkgo biloba extract EGb-761 is a tradition-
al Chinese medicine. Like other traditional Chinese medicines,
EGb-761 contains a variety of ingredients. Although the main
active ingredient is not clear, EGb-761 has shown a neuropro-
tective effect on various neurological conditions such as brain
stroke, Alzheimer’s disease, and Parkinson’s [28,29]. EGb761
shows its effects via inhibition of oxidative stress, apoptosis,
and regulation of inflammatory responses [30-32]. Therefore,
in this study, we use the PF mouse model to understand wheth-
er EGb761 has a therapeutic effect on PF.

Experimental animals

Adult C57BI6) mice weighing 20-25 g were available from the
Ruikang Hospital Affiliated to Guangxi Traditional Chinese
Medicine University. The mice were housed in a specific-patho-
gen-free facility and raised at a constant temperature of 25+1°C
and an ambient noise of 40+10 db. All the mice were freely
fed for a 12-h light: dark cycle. Additionally, all the mice had
free access to food and water. The care and use of experimen-
tal mice were approved by the Ethics Committee of Laboratory
Animals of Guangxi Traditional Chinese Medicine University.

PF mouse model induction and bleomycin (BLM) treatment

The BLM-induced PF mouse model has similar inflammato-
ry and fibrotic characteristics as human PF, and it is widely
adopted to simulate the pathogenesis of PF [25,33]. The PF
mouse model induced with BLM (MP Biomedicals, Shanghai,
China) was performed as described before [33]. Briefly, 100
mice were randomly divided into five groups, with 20 animals
per group: normal (untreated), BLM-treated group, and the
EGb761-treated groups (low, medium, and high EGb761 dose).
All mice were anesthetized intraperitoneally with 80 pL of a
ketamine and xylazine solution (3.2 mg/kg and 0.169 mg/kg,
respectively). For inducing PF, the mice were treated with an
intratracheal instillation of 50 pL of BLM solution per day for
7 days. Meanwhile, the EGb761-treated groups were intraper-
itoneally injected with EGb761 (Guilin Technology Company
Natural Plant Products, Guilin, China; 100 mg/kg, 50 mg/kg,
and 25 mg/kg) once a day. The doses of EGb-761 were deter-
mined from previous studies [34-37]. The normal and EGb761-
treated groups were intraperitoneally injected with an equal
volume of saline once a day. Finally, all the mice were sacri-
ficed on day 28 after model establishment and drug treatment.

Histologic detection and pulmonary fibrosis scoring

To determine the histopathologic changes of the lung tissues,
the lung tissues of mice from each group were fixed and em-
bedded, and then were stained with hematoxylin and eosin
(H&E) and Masson stains and analyzed with Olympus Image
Analysis system. H&E staining was used to reveal the alveolitis
degree and Masson staining was applied to determine the col-
lagen deposition and PF degree of the lung tissues. Pulmonary
alveolitis and fibrosis were determined according to the crite-
ria as previously reported [38,39].

Enzyme-linked immunosorbent assay (ELISA)

Mouse peripheral blood was collected on day 7 after BLM
treatment. The levels of proinflammatory cytokines in serum,
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including tumor necrosis factor (TNF)-B, interleukin (IL)-1B,
and IL-6, were detected by ELISA (ThermoFisher, Waltham, MA,
USA). We followed the protocol of the kit.

Real-time polymerase chain reaction (RT-PCR)

Total ribonucleic acids (RNAs) were reverse transcribed into
complementary deoxyribonucleic acid. The messenger (m)RNA
expression levels of apoptosis factors as well as the markers
of M1 and M2 macrophages were determined by RT quantita-
tive (q)PCR following the SYBR-Green PCR master mix kit pro-
tocol (Applied Biosystems, Inc., Foster City, CA, USA). RT-gPCR
was performed on an Applied Biosystems QuantStudio™6 Flex
System. Primer sequences and the reference gene glyceralde-
hyde 3-phosphate dehydrogenase are shown in Table 1. The
relative mRNA expression was measured with three indepen-
dent experiments and calculated by the 224t method.

Western blot

Total protein samples were available from lysed lung tissues us-
ing sodium dodecyl sulfate (SDS; Beyotime, Shanghai, China) con-
taining proteinase inhibitors and determined by bicinchoninic
acid assay kit (Pierce Biotechnology, Inc., Rockford, IL, USA). SDS-
polyacrylamide gel electrophoresis (10%) was applied to separate
various protein bands, and all the bands were visible on polyvinyl-
idene fluoride membranes (Millipore, Bedford, MA, USA). Then the
membranes were incubated with primary antibodies anti-B-cell
lymphoma-associated X protein (Bax), B-cell lymphoma (Bcl)-2,
caspase-3, caspase-9 (1: 1000; Abcam, Cambridge, UK), and anti-
tubulin (1: 1000, CST, Fall River, MA, USA) at 4°C overnight. Then
the clean membranes were cocultured with horseradish peroxi-
dase-conjugated goat anti-rabbit immunoglobulin G (Beyotime)
for 2 h at room temperature. Finally, a specific band was enhanced
with chemiluminescence reagent (ECL, Thermo) and was visible
through the ChemiDoc MP system (Bio-Rad, Hercules, CA, USA)

Statistical analysis

Statistical analyses were carried out using the SPSS 21.0 soft-
ware (IBM k, Armonk, NY, USA). All experimental data were
shown as mean value+standard deviation. Differences be-
tween the two groups were determined by one-way analy-
sis of variance. P<0.05 was considered statistically significant.

Results

EGb761 reduced pulmonary inflammation induced by BLM
in mice

After treating with BLM for 28 days, the level of inflamma-
tion in lung tissues was evaluated by the pulmonary alveolitis
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Table 1. List of primer sequences used in real-time polymerase
chain reaction.

Primers Sequence (5’-3’)

Bax-F AAGAAGCTGAGCGAGTGTCT
BaxR GTTCTGATCAGTTCCGGCAC
CBd2F GCCTTCTTTGAGTTCGGTGG
CBd2R CTCAGCCCAGACTCACATCA
Caspase3F CAGCCAACCTCAGAGAGACA
CCaspase3R ACAGGCCCATTTGTCCCATA
Caspase9F CAGGACCTTGGACAGTGACT
Caspase9R AATGCCATCCAAGGTCTCGA
CwwofF GGTTGTCGTCTCATICTGAMAGA
R GGTAGAGGACCCAAGTTCGTTAAGA
CiNosF CCCTTCAATGGTTGGTACATGG
CiNosR ACATTGATCTCCGTGACAGEC
CGAPDHF CAACGGGAAACCCATCACCA
GAPDHR ACGCCAGTAGACTCCACGACAT

Bax — B-cell lymphoma-associated X protein; Bcl-2 — B-cell
lymphoma-2; iNOS - inducible nitric oxide synthase;
GAPDH - glyceraldehyde 3-phosphate dehydrogenase;

F — forward; R — reverse.

score (Figure 1A). The pulmonary alveolitis score of the BLM-
treated group showed the highest scores. In contrast, treat-
ment with EGb761 significantly reduced the scores. The H&E
staining showed that the pulmonary architecture was nearly
destroyed and replaced in the BLM-treated group (Figure 1C)
compared with the normal group (Figure 1B). However, treat-
ing with middle (Figure 1E) or high (Figure 1F) dose EGb761
rescued the destruction and replacement, which showed bet-
ter effect than the low dose group (Figure 1D), manifested as
less alveolar walls destruction and pulmonary architecture de-
struction. In addition, a size change of the airway, which may
be caused by inflammation in the lung tissue, was observed.

EGb761 protects mice from PF induced by BLM

After being treated with BLM for 28 days, the fibrosis of lung
tissues was observed by Masson staining and evaluated by the
Ashcroft score (Figure 2). On day 28, the result of the Ashcroft
score showed that the fibrosis level of lung tissue was signifi-
cantly increased in the BLM-treated group compared with the
normal group. However, the scores were reduced by treating
with EGb761 (Figure 2A). In addition, large amounts of collagen
accumulation and deposition in the areas of lung parenchyma
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Figure 1. EGb761 suppresses pulmonary inflammation induced by bleomycin (BLM) in mice. (A) Pulmonary inflammation of mice was
evaluated by lung alveolitis score after treatment with BLM for 28 days. Lung tissues from normal mice (B), BLM-treated
group (C), low-dose EGb761 group (D), mild-dose EGb761 group (E), and high-dose EGb761 group (F) were stained with
hematoxylin and eosin; magnifications were 200x. All data are shown as mean+standard deviation (n=5). * P<0.05 vs. normal

group; * P<0.05 vs. BLM group.

were observed in the BLM-treated group by Masson staining
(Figure 2B, 2C). EGb761 treatment, however, diminished the
deposition of collagen (Figure 2D-2F). Furthermore, the proin-
flammatory cytokine level in serum on day 7, including TNF-c,
IL-1B, and IL-6, were evaluated by ELISA (Figure 3A-3C). The
level of proinflammatory cytokines was increased by BLM treat-
ment. Conversely, EGb-761 suppressed the cytokines.

EGb761 regulates the balance of M1/M2 macrophages
and the expression of inflammation-associated proteins to
prevent PF

Previous studies report that the pathogenesis of PF is related
to immunology, and the balance between M1 and M2 mac-
rophages has been a hot spot in PF pathogenesis. Regulation
of the balance might be an important therapy to prevent PF.
Therefore, the status of M1 and M2 macrophages in lung tis-
sues was assessed by evaluating the levels of two types mac-
rophage markers, inducible nitric oxide synthase and IL-10,
respectively. Because of severe damage in lung tissue of the
mice, enough pulmonary macrophages could not be obtained

for detection. Therefore, RT-PCR, another common method, was
used instead of flow cytometry to detect the M1/M2 macro-
phages. The results showed that the M1 macrophages were
decreased by BLM compared with the normal group; the M2
macrophages increased. However, after EGb761 treatment, mac-
rophage levels returned to normal (Figure 4A). The ratio of the
two types macrophages showed similar results (Figure 4B). In
addition, the expression level of a-smooth muscle actin (SMA),
the marker of myofibroblasts, was assessed by western blot-
ting (Figure 4C). The expression of a-SMA was significantly
increased by treatment with BLM compared with the normal
group. However, treatment with EGb761 could suppress the
increase in o-SMA expression. Meanwhile, the expression of
TGF-B1, which plays a role in the mechanism of macrophage-
mediated PF, was assessed on day 28 after exposure to BLM
and EGb761. The results showed that TGF-f1 was increased
by treating with BLM but was reduced by EGb761 (Figure 4D).
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Figure 2. EGb761 protects mice from pulmonary fibrosis induced by bleomycin (BLM). (A) Protective effects of EGb761 on lung fibrosis
induced by BLM were evaluated by Ashcroft score. Lung tissues from normal mice (B), BLM-treated group (C), low-dose EGb761
group (D), mild-dose EGb761 group (E), and high-dose EGb761 group (F) were stained with Masson stain; magnifications were
200x. All data are shown as meanzstandard deviation (n=5). * P<0.05 vs. normal group; * P<0.05 vs. BLM group.
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Figure 3. EGb761 suppresses bleomycin (BLM)-induced proinflammatory cytokines in the early stage. Mouse peripheral blood was
collected on day 7 after BLM treatment. Levels of proinflammatory cytokines in serum, including tumor necrosis (TNF)-o
(A), interleukin (IL)-1B (B), and IL-6 (C), were detected by enzyme-linked immunosorbent assay kit. All data are shown as
meanzstandard deviation (n=5). ** P<0.0001 vs. normal group; #* P<0.0001 vs. BLM group.
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Figure 4. EGb761 regulates the balance of M1/M2 macrophages and expression of inflammation-associated proteins to prevent
pulmonary fibrosis (PF). (A) Messenger ribonucleic acid (mRNA) expression levels of M1 (inducible nitric oxide synthase [iINOS])
and M2 (interleukin [IL]-10) macrophage markers in PF lung tissues were confirmed by real-time polymerase chain reaction.
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and tubulin served as a reference control and a loading control, respectively.
(B) Ratio of M1 and M2 macrophages in lung tissues was calculated on the basis of the mRNA expression of iNOS and IL-10. The
expression level of a-smooth muscle actin (SMA) (C) and transforming growth factor (TGF)-f1 (D) in lung tissues was determined
on day 28 after treating with BLM or EGb761 by western blotting. * P<0.05 vs. normal group; # P<0.05 vs. BLM group.

EGb761 reduced PF by regulating apoptosis factors in
mouse PF model

Nuclear factor (NF)-kB (p65)-mediated cellular apoptosis is con-
sidered one of the important factors in PF [40, 41]. First, the
level of phosphorylated NF-kB (p65) was evaluated by western
blot. The result showed that the level of phosphorylated NF-xB
(p65) was induced by BLM on day 28, but was suppressed by
treating with EGb761 (Figure 5A). Furthermore, the protective
effects of EGb761 on lung cell apoptosis were investigated by
evaluating the mRNA and protein levels of apoptosis factors
including Bax, Bcl-2, caspase-3, and caspase-9 (Figure 5B, 5C).
The results showed that treating with BLM significantly de-
creased the mRNA and protein levels of Bax and Bcl-2, where-
as it increased caspase-3 and caspase-9 expression. Expression
levels of all these factors returned to normal levels after treat-
ment with EGb761 except for caspase-9.

Discussion

PF is a progressive and fatal disease with increasing annual
incidence; there are few effective drugs approved for PF treat-
ment [42]. In addition, the pathogenic mechanism of PF re-
mains unknown. Previous studies indicated that EGb761 had
a positive effect on BLM-induced PF in rats [43]. In this study,
we showed the therapeutic potential of EGb761 in mice. The
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results provided sufficient evidence suggesting that EGb761
treatment effectively reduced lung inflammation and PF in the
induced (by BLM) PF mouse model.

PF showed pathological characteristics of the irreversible de-
struction and remodeling of lung tissues due to oversecretion
of collagen and ECM components. The previous studies sug-
gest that part of the reason was that the imbalance between
M1 and M2 macrophage action induced abnormal repara-
tion of lung tissues [44-46]. This imbalance changed the se-
cretion of antifibrotic cytokines and profibrotic mediators by
two types of macrophages to induce fibroproliferative tissue
remodeling. In addition, the macrophage overactivation was
observed in the wound-healing phase of the lung tissue after
BLM, asbestos, radiation, or other materials treatment [47-
51]. Increasing numbers of M2 macrophages were confirmed
in the fibrotic tissue, which directly correlated with a worsen-
ing prognosis. The M2 macrophage was shown to be the major
source of key profibrotic mediators, including TGF-B1 [52,53].
In another study, the amount of M1 macrophage was upreg-
ulated in the M2 macrophage-suppressed animal model with
reduced fibrosis, which means that the balance in activity of
the two types of macrophages affects the outcome of the re-
sponse to fibrotic stimulation. In this study, M1 and M2 mac-
rophages lost that balance after treatment with BLM in the
mouse model, as well as in previous studies. Nevertheless,
EGb761 restored the balance, suggesting that the potential
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Figure 5. EGb761 reduced pulmonary fibrosis (PF) by regulating apoptosis factors in mouse PF model after treating with bleomycin
(BLM) or EGb761 for 28 days. (A) Expressions of phosphorylated nuclear factor (NF)-xB (p65) were validated by western
blot. The messenger ribonucleic acid and protein levels of apoptosis factors including B-cell lymphoma X protein (Bax), B-cell
lymphoma (Bcl)-2, caspase-3, and caspase-9 in lung tissues of mice from each group were validated by real-time polymerase

chain reaction (B) and western blotting (C). Glyceraldehyde 3-phosphate (GAPDH) and tubulin served as the reference control
and loading control, respectively. * P<0.05 vs. normal group; #* P<0.05 vs. BLM group.

mechanisms of therapeutic effects of EGb761 might be attrib- substances were restored by EGb761 treatment, suggesting
uted to regulation of the balance between M1 and M2 macro- that EGb761 resisted PF by suppressing the NF-kB-mediated
phages and the related pulmonary inflammation. cellular apoptosis.

Furthermore, several studies showed that the AECs were sen-

sitive to apoptosis in injured lung tissue, which was the keyin-  Conclusions
cident in PF[21-24,54,55]. The NF-kB pathway was considered
to be related to excessive apoptosis of AECs in PF [56,57]. The Our study used the mouse model to reveal the potential clini-
apoptosis of AECs caused by persistent irritants contributes not cal therapeutic effect of EGb761 on BLM-induced PF from mul-
only to activating the resident fibroblasts to proliferate for re- tiple perspectives by regulating the balance of M1/M2 macro-
pairing injury of the lung tissue, but also to recruiting the in- phages and suppressing the NF-kB-mediated apoptosis of AECs.

flammatory cells as well as macrophages, which then induce This study provided a novel possibility for the curability of PF.
the excessive deposition of scars in lung tissues [17,58,59].

The results of this study showed that the level of caspase-3 Conflict of interest
was upregulated, whereas the levels of Bax and Bcl-2 were

downregulated with the increasing amount of phosphorylat- None.

ed NF-xB after BLM treatment. However, the levels of these
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