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Abstract. – OBJECTIVE: This study aimed to in-
vestigate the efficacy and molecular mechanisms 
of ZSP1603 as a novel anti-fibrotic compound. 

MATERIALS AND METHODS: The unilateral 
left pulmonary fibrosis model was established 
in the Sprague Dawley (SD) rats. The bilateral 
pulmonary fibrosis model was established in the 
C57BL/6J mice. The therapeutic treatment regi-
men began after the induction of pulmonary fibro-
sis. The preventive treatment regimen began on 
the first day of bleomycin administration. Animals 
were randomly divided into the sham, model, Nin-
tedanib, and ZSP1603 treatment groups. Haema-
toxylin and eosin (H&E) and Masson’s trichrome 
staining were performed to evaluate pulmonary 
injury, inflammation, and fibrosis. Cell Counting 
Kit-8 (CCK-8) assay and Western blot were used 
to investigate the effects and mechanisms of 
ZSP1603 on the proliferation of primary human 
pulmonary fibroblasts (pHPFs). The messenger 
ribonucleic acid (mRNA) expression of transform-
ing growth factor (TGF)-β1, tissue inhibitor of 
metalloproteinase 1 (TIMP-1), and collagen 1A1 
(COL1A1) in pHPFs was detected by quantitative 
Real Time-Polymerase Chain Reaction (PCR). 

RESULTS: ZSP1603 inhibited the proliferation 
of pHPFs in vitro by blocking the platelet-derived 
growth factor receptor-β (PDGF-Rβ) and extra-
cellular signal-regulated kinase (ERK) signalling 
pathway. ZSP1603 also inhibited the differenti-
ation of pHPFs by reducing the expression of 
TGF-β1, TIMP-1, and COL1A1. ZSP1603 significant-
ly attenuated pulmonary injury, inflammation, and 
fibrosis in vivo in four independent animal studies 
of pulmonary fibrosis.

CONCLUSIONS: ZSP1603 is an effective anti-fi-
brotic compound with clear mechanisms.

Key Words:
Tyrosine kinase inhibitor, Idiopathic pulmonary fi-

brosis, PDGFRβ, Anti-fibrotic drug, Anti-inflammatory.

Introduction 

Idiopathic pulmonary fibrosis (IPF) is a fibrot-
ic interstitial pneumonia with an irreversible de-
cline in lung function and high mortality1-3. The 
incidence of IPF has recently increased, especial-
ly in older adults3-5.

Although the pathogenic mechanisms were not 
fully understood, the understanding of IPF has 
evolved over the years. Injury, inflammation, and 
repair are the major stages of pulmonary fibrosis6. 
Various factors, including environmental particu-
late matter, allergens, and infectious agents, may 
lead to lung injury. Injuries to the bronchioles, 
arterioles, and alveolar epithelia initiate wound 
healing response, where immune cells and fibro-
blasts are recruited7. Sustained pulmonary injury 
leads to excess release of inflammatory factors, 
chemotactic factors, and profibrotic cytokines, 
such as PDGFs, TGF-β, vascular endothelial 
growth factors (VEGFs), fibroblast growth factors 
(FGFs), matrix metalloproteinases (MMPs), and 
TIMPs8. Profibrotic cytokines promote fibroblast 
proliferation and stimulate the differentiation of 
fibroblasts into myofibroblasts. The excessive 
deposition of extracellular matrix (ECM) induced 
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by activated fibroblasts and myofibroblasts caus-
es pulmonary fibrosis9. Some aberrant growth 
factor signals, such as PDGF/PDGFRs, VEGF/
VEGFRs, and FGF/FGFRs, are the major patho-
genic factors in the pathogenesis. Tyrosine kinase 
inhibitors (such as Nintedanib and Lenvatinib) 
suppressing fibroblast proliferation and differen-
tiation are effective for pulmonary fibrosis10-12. 

ZSP1603, designed and synthesized in our lab, 
is a novel selective triple tyrosine kinase inhibitor 
that mainly targets PDGFRs, FGFRs, and VEG-
FRs13-15. The molecular structure of ZSP1603 was 
shown in Figure 1A and the target kinases were 
presented in Supplementary Table I. However, 
the mechanisms of ZSP1603 as an anti-fibrot-
ic compound have not been fully understood. In 
this study, we analysed its effects and molecular 
mechanisms in pulmonary fibrosis therapy. 

Materials and Methods

Cell Culture 
pHPFs were obtained from the ScienCell Re-

search Laboratories, Inc. (Carlsbad, CA, USA). 
The pHPFs were cultured in Fibroblast Medium 
(FM, Cat: 2301, ScienCell, Carlsbad, CA, USA) 
and maintained in a cell incubator at 37°C with 
5% CO2. The cells were allowed to grow into 90% 
confluence before the experiments16. 

Assay of pHPFs Proliferation 
The effects of ZSP1603 on the proliferation of 

pHPFs were detected by Cell Counting Kit-8 (CCK-
8) assay17. Briefly, the tenth-generation cells were 
seeded in 96-well plates (1×104 cells per well). Af-
ter starving overnight, the cells were treated with a 
series of different concentrations of ZSP1603 (0-25 
μM) and 50 ng/mL human PDGF-BB. 48 h later, 
CCK-8 solution (ZETA-LIFE, Menlo Park, CA, 
USA) was added to the cell culture medium and 
incubated for other 4 h at 37°C. The absorbance 
was measured at 450 nm using a microplate reader 
(Synergy HT, Bio-Tek, Winooski, VT, USA)18.

Western Blot 
After cultivation in serum-free medium for 

24 h, the cells were incubated with ZSP1603 (0, 
0.5, 5.0, and 50.0 µM) for 4 h and subsequent-
ly stimulated with PDGF-BB (50 ng/mL) for 15 
minutes. Then, the cells were lysed in Radio 
Immunoprecipitation Assay (RIPA) lysis buf-
fer (Biosharp, Hefei, Anhui, China) containing 

protease inhibitors (Beyotime, Shanghai, China) 
and phosphatase inhibitors (MedChemExpress, 
Middlesex, NJ, USA). The protein concentra-
tions were determined by the Bicinchoninic acid 
(BCA) assay (Beyotime, Shanghai, China). The 
protein lysates were electrophoretically separat-
ed on 10% SDS-PAGE gels and transferred to 
polyvinylidene difluoride (PVDF) membranes. 
After blocking with 5% skimmed milk for 2 h, 
the membranes were incubated with antibodies 
against phospho-PDGFRβ (Tyr751, Cell Sig-
naling Technology, Danvers, MA, USA), PDG-
FRβ (Cell Signaling Technology, Danvers, MA, 
USA), phospho-ERK1/2 (pERK1/2, Thr202/
Tyr204, HuaAn Biotechnology, Hangzhou, 
Zhejiang, China), ERK1/2 (HuaAn Biotechnol-
ogy, Hangzhou, Zhejiang, China), and β-actin 
(HuaAn Biotechnology, Hangzhou, Zhejiang, 
China) at 4°C overnight. Then, the membranes 
were incubated with secondary antibodies for 1 
h. The blots were visualized using ChemiDocTM 
XRS + System with Image LabTM Software (Bio-
Rad Laboratories, Inc., Hercules, CA, USA). The 
relative signal intensity of each band was deter-
mined by Image J analysis software. β-actin was 
used as the loading control19. 

Quantitative Real-time Polymerase 
Chain Reaction

Gene expression was quantified by SYBR 
green Real Time Polymerase Chain Reaction 
(RT-PCR) on a Stratagene Mx3005 System (Agi-
lent Technologies, Santa Clara, CA, USA). β-actin 
was used as an internal control. The relative gene 
expression compared with control group 2 (stim-
ulated with PDGF-BB without ZSP1603 or Nin-
tedanib) was calculated20. The primer sequences 
were listed in Supplementary Table II.

Establishment of the 
Bleomycin-induced Pulmonary 
Fibrosis Model in Animals 

The animal experiments were approved by the 
Institutional Animal Care and Treatment Com-
mittee of KCI Biotech Inc. (Suzhou, Jiangsu, Chi-
na, No. 2016022, 1 April 2016). For bleomycin-in-
duced unilateral left pulmonary fibrosis models in 
Sprague Dawley (SD) rats, bleomycin (3 mg/kg) 
was administrated through a PE20 catheter intu-
bating to the left pulmonary bronchus. For bilat-
eral pulmonary fibrosis models in male C57BL/6J 
mice, bleomycin (2.5 mg/kg) was administrated 
intratracheally21. The study designs were shown 
in Table I. 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-8858.pdf
ttps://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-8858.pdf
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Figure 1. ZSP1603 inhibited the proliferation and differentiation of pulmonary fibroblasts. A, Molecular structure of ZSP1603 
and its effect on inhibiting the proliferation of pHPFs. B, Images showing the typical morphology of pHPFs in each group 
(400×). C, Western blot showing the levels of the total and phosphorylated PDGFR and ERK1/2 proteins in pHPFs. D, Statis-
tical analysis of the data presented in C (#p<0.0001 compared with the PDGF-BB-free group; ****p<0.001 compared with the 
PDGF-BB control group). E, ZSP1603 reduced the mRNA expression of TGF-β1, TIMP-1 and COL1A1 in pHPFs stimulated 
with PDGF-BB. F, ZSP1603 reduced the mRNA expression of TIMP-1 and COL1A1 in pHPFs stimulated with TGF-β1. 
*p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001.
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Histology
Haematoxylin and eosin (H&E) staining and 

Masson’s trichrome staining were performed to 
evaluate pulmonary injury, inflammation, and 
fibrosis22. After staining, an image of the whole 
lung was captured for further pathological analy-
sis. The evaluation criteria for pulmonary injury 
and inflammation were shown in Supplementary 
Table III. Masson’s trichrome staining was used 
to evaluate the extent of pulmonary fibrosis ac-
cording to the Ashcroft scoring protocols23. 

Statistical Analysis
The data were presented as the mean ± Stan-

dard Error of Mean (SEM). The results were an-
alysed either with One-way analysis of variance 
(ANOVA) followed by Dunnett’s post-hoc test 
or two-way ANOVA followed by Bonferroni’s 
post-hoc test (GraphPad Prism 6.0, La Jolla, CA, 
USA). p<0.05 was considered significant.

Results

ZSP1603 Inhibited the Proliferation 
of Pulmonary Fibroblasts

The results of the CCK-8 assay showed that 
ZSP1603 inhibited the proliferation of pHPFs in-
duced by PDGF-BB (50 ng/mL). The IC50 value 
was 1.55±0.19 μM (Figure 1A). Representative 
images of pHPFs were shown in Figure 1B. 

ZSP1603 Inhibited the Phosphorylation 
of PDGFRβ and ERK1/2 in Pulmonary 
Fibroblasts

To explore the molecular mechanism of 
ZSP1603 on the proliferation of pHPFs, West-
ern blot was used to evaluate the expression of 
PDGFRβ and its downstream ERK1/2. The ex-
perimental groups were shown in Figure 1C. Af-
ter 4 h of treatment with ZSP1603 or Nintedanib, 
pHPFs were stimulated with 50 ng/mL PDGF-BB 

for 15 minutes. PDGF-BB increased the phos-
phorylation of PDGFRβ and ERK1/2 in pHPFs 
(p<0.0001). The phosphorylation of PDGFRβ and 
ERK1/2 was significantly inhibited by ZSP1603 
in a dose-dependent manner compared with the 
PDGF-BB control group (p<0.0001, Figure 1D). 

ZSP1603 Inhibited the Differentiation
of Pulmonary Fibroblasts by Reducing 
the Expression of TGF-β1, TIMP-1, 
and COL1A1 in pHPFs 

Quantitative Real Time-PCR was used to de-
tect the expression of genes associated with fibro-
sis in pHPFs stimulated by PDGF-BB and TGF-β1. 
50 ng/mL PDGF-BB treatment upregulated the 
mRNA expression of TGF-β1, TIMP-1, and CO-
L1A1 (TGF-β1 and TIMP-1, p<0.05; COL1A1, 
p<0.001) (Figure 1E), but these effects were in-
hibited by co-treatment with ZSP1603 (Figure 1E). 
TIMP-1 and COL1A1 were upregulated by 10 ng/
mL TGF-β1 (p<0.0001) and these changes were 
inhibited by ZSP1603 (Figure 1F). The increased 
mRNA expression of α-SMA in pHPFs induced 
by 20 ng/mL TGF-β1 was also suppressed by 
ZSP1603 (Supplementary Figure 1). Typical im-
ages of pHPFs in each group treated with 20 ng/mL 
TGF-β1 were shown in Supplementary Figure 2. 

ZSP1603 Attenuated Pulmonary 
Injury, Inflammation and Fibrosis 
in Bleomycin-induced Pulmonary 
Fibrosis Model of Rats

The study designs were shown in Table I. In the 
therapeutic regimen experiment, the body weight 
of rats in each group decreased in the first five days 
and began to recover on the sixth day (Figure 2A). 
The left lung weight of rats in the bleomycin treat-
ment group was lower than that of rats in the sham 
operation group (Figure 2B, p<0.001).

H&E and Masson’s trichrome staining of 
whole left lung tissues were performed to eval-
uate pulmonary injury, inflammation, and fibro-

Table I. Study designs of ZSP1603 in bleomycin induced pulmonary fibrosis models.

Study designs	 Unilateral left pulmonary	 Bilateral pulmonary
	 fibrosis model in rat	 fibrosis model in mice

	 Preventive	 Therapeutic	 Preventive	 Therapeutic

ZSP1603 groups (mg/kg/day)	 25, 100, 200	 50, 100	 25, 50, 100	 25, 50, 100
Nintedanib control groups	 100	 50, 100	 50	 50
  (mg/kg/day)
Study duration (day)	 14	 21	 14	 21
Duration of medication (day)	 1th-14th	 8th-21th	 1th-14th	 8th-21th

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-1-8858.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-2-8858.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-III-8858.pdf
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sis (Supplementary Figure 3). The standards of 
pathological evaluation based on H&E staining 
were shown in Supplementary Table III. The 
weight, overall pulmonary damage and inflam-
mation score, fibrosis area and fibrosis scores of 
the left lungs were presented in Supplementa-

ry Table IV and Figure 2C-2H. After treatment 
with ZSP1603 and Nintedanib, pulmonary injury 
and inflammation were reduced compared with 
the model group (p<0.001, Figure 2C-2E). Also, 
the 50 mpk (mg/kg) ZSP1603 was more effective 
than the 50 mpk Nintedanib treatment (p<0.05). 

Figure 2. Therapeutic effect of ZSP1603 on the rat model of bleomycin-induced unilateral left pulmonary fibrosis. A, Changes 
in the body weight of rats in each group. B, Weight of the left lungs in each group. C, The overall pulmonary pathological 
score, including wall damage and the inflammation of the bronchioles and arterioles. D, The pathological score for pulmonary 
damage in the bronchiole and arteriole walls. E, The pathological score for pulmonary inflammation in the bronchioles and 
arterioles. F, The fibrotic area of the left lung. G, The fibrosis score of the left lung. H, The percentages of animals with fibrosis 
scores of 1-3 and 4-8 in each group. #p<0.05 and ##p<0.01 compared with the 50 mpk Nintedanib group; *p<0.05, **p<0.01, 
***p<0.001, and ****p<0.0001 compared with the model group; mpk indicated mg/kg.
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https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Figure-3-8858.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-III-8858.pdf
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Typical images of the criteria used to evaluate 
pulmonary fibrosis with the Ashcroft scale (0-8 
points) were shown in the Supplementary Figure 
4. Notably, 70.8-71.9% of the left lungs treated 
with bleomycin exhibited fibrosis and the areas 
were not statistically different among the groups 
(Figure 2F and Supplementary Table IV). In the 
model group, 57.8% of the animals had fibrosis 
score ≥4 (Figure 2H). The normal structures of 
the bronchioles, arterioles, and alveoli were de-
stroyed. Numerous inflammatory cells infiltrated 
into the lung tissues of the model group (Figure 
3A and 3B). The bleomycin-induced damage and 
inflammatory cell infiltration in the bronchioles, 
arterioles, and alveoli were significantly reduced 
by ZSP1603 (Figure 3A and 3B).

After scoring by three qualified pathologists, 
the fibrosis scores of the left lung were 0, 3.7 ± 0.1, 
2.8 ± 0.2, 2.5 ± 0.2, 2.4 ± 0.1, and 2.2 ± 0.1 for the 
control, model, 50 mpk Nintedanib, 100 mpk Nin-

tedanib, 50 mpk ZSP1603 and 100 mpk ZSP1603 
groups, respectively. ZSP1603 and Nintedanib 
exerted significant antifibrotic effects (p<0.001, 
Figures 2G, 3C, and 3D). The pathological scores 
in the ZSP1603 and Nintedanib treatment groups 
were significantly decreased compared with the 
model group (p<0.001, Supplementary Table IV).

In the preventive regimen, the weight of rats 
at the end of the treatment were 335.6 ± 6.6, 273.6 
± 8.7, 261.8 ± 8.7, 294.5 ± 10.38, 266.3 ± 12.5 
and 281.9 ± 7.1 g in the sham, model, 100 mpk 
Nintedanib, and ZSP1603 (25, 100 and 200 mpk) 
groups, respectively. The weight recovery of rats 
in all ZSP1603 treatment groups were better than 
100 mpk Nintedanib group (Figure 4A). Similar 
results were observed on the left lung weights 
of mice (Supplementary Table V). ZSP1603 re-
duced pulmonary injury, inflammation, and fi-
brosis compared with the model group (Figure 
4B and 4C). In addition, the pathological score 

Figure 3. Histological changes in the pulmonary bronchioles, small arteries and alveoli in rats subjected to bleomycin-in-
duced unilateral left pulmonary fibrosis. A, Typical histological images of pulmonary bronchioles and small arteries stained 
with H&E in each group. B, Typical images of Masson’s trichrome staining in the pulmonary bronchioles and small arteries 
of each group. C, Typical images of H&E staining in the pulmonary alveoli of each group. D, Typical images of Masson’s 
trichrome staining in the pulmonary alveoli from each group. a, pulmonary arteries; b, pulmonary bronchioles; blue arrow, 
the walls of the pulmonary arteries; black arrow, the walls of the pulmonary bronchioles; blue triangle, the alveolar structure; 
mpk indicated mg/kg. All images were captured by 200× magnification.
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of 100 mpk ZSP1603 group was lower than the 
Nintedanib group (Figure 4C). As shown in the 
typical images of gross lung pathology present-
ed in Figure 4D, the atrophy of left lung fibrosis 
induced by bleomycin was worse than that of the 
right lung in rats. Images of Masson’s trichrome 
staining of the pulmonary alveoli in each group 
were shown in Supplementary Figure 5. 

The Therapeutic and Preventive 
Effects of ZSP1603 on the Mouse 
Model of Bleomycin-induced Pulmonary 
Injury and Fibrosis 

The body weight of mice in each group was 
shown in Figure 5A. In the ZSP1603 therapeu-
tic regimen, the gross pathological morphology 
of lungs in each group was shown in Figure 5B. 
The overall pathological scores were 0, 7.1±0.3, 
5.2±0.3, 6.3±0.3, 5.1±0.1, 4.9±0.2 for the sham 
group, model group, 50 mpk Nintedanib group, 
and the three ZSP1603 treatment groups (Fig-
ure 5C). ZSP1603 reduced the pulmonary injury 
and inflammation induced by bleomycin (Figure 
5D and Supplementary Figure 6). The fibrosis 

scores were shown in Figure 5E and Supple-
mentary Table VI. Typical images of Masson’s 
trichrome staining were shown in Figure 5F and 
Supplementary Figure 7. These results indicated 
that ZSP1603 had promising anti-fibrotic effects. 
The results of preventive studies also confirmed 
that ZSP1603 attenuated bleomycin-induced lung 
injury (Figure 6A and 6D), inflammation (Figure 
6B and 6D), and fibrosis (Figure 6C and 6D) in 
vivo (Supplementary Figures 8-10 and Supple-
mentary Table VII).

Discussion

IPF is a progressive disease with a median sur-
vival of 3 to 5 years after diagnosis. Nintedanib, 
a tyrosine kinase inhibitor, exhibits significant 
clinical benefits in patients with IPF. In this study, 
using human pulmonary fibroblasts and differ-
ent preclinical models of pulmonary fibrosis, we 
demonstrated that ZSP1603, which targets mul-
tiple receptors of tyrosine kinases, is a potential 
therapeutic small molecular drug for IPF.

Figure 4. Preventive effect of ZSP1603 on the rat model of bleomycin-induced unilateral left pulmonary fibrosis. A, Changes 
in the body weight of rats in each group. B, Statistics for the overall pulmonary pathological score of each group. C, The 
fibrosis score of the left lung. D, The gross pathological changes in morphology and histology in the left lung of rats in each 
group (magnification: 200×). #p<0.05, ##p<0.01 and ###p<0.001 compared with the Nintedanib control group; $$p<0.01 compared 
with the 25 mpk ZSP1603 group; &&&p<0.001 compared with the 100 mpk ZSP1603 group; *p<0.05, **p<0.01, ***p<0.001, 
and ****p<0.0001 compared with the model group; mpk indicated mg/kg.
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The malignant proliferation and differenti-
ation of pulmonary fibroblasts lead to excessive 
accumulation of ECM and promotes pulmonary 
fibrosis in patients with IPF24. PDGF-BB is a pro-
fibrotic cytokine that activates the mitotic sig-
nalling pathway of fibroblasts, such as the ERK 
downstream signalling pathway. PDGF-BB/
PDGFR/ERK1/2 is a major pathogenic pathway 

in IPF. Upon stimulation with PDGF-BB, pHPFs 
exhibited a substantial increase in proliferation. 
According to the results of the proliferation assay, 
ZSP1603 significantly inhibited the PDGF-BB-in-
duced proliferation of pHPFs. Western blot results 
showed that ZSP1603 inhibited fibroblast prolif-
eration by suppressing the PDGF-BB/PDGFRβ/
ERK1/2 signalling pathway.

Figure 5. Therapeutic effects of ZSP1603 on pulmonary injury, inflammation and fibrosis in the mouse model of bleomy-
cin-induced pulmonary injury and fibrosis. A, Changes in the body weight of mice in each group. B, The gross pathological 
morphology of the lungs in each group. C, The statistics for the overall pulmonary pathological scores of each group. D, 
The histological changes in the bronchioles, arteriole walls and alveoli of the lungs (H&E staining, magnification: 200×). E, 
The fibrosis score in each group. F, The histological changes in the lungs (Masson staining, magnification: 200×). #p<0.05 
compared with the 50 mpk Nintedanib group; *p<0.05 and ***p<0.001 compared with the model group; mpk indicated mg/
kg. G1: sham; G2: model; G3: 50 mg/kg/day Nintedanib; G4: 25 mg/kg/day ZSP1603; G5: 50 mg/kg/day ZSP1603; G6: 100 
mg/kg/day ZSP1603.
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TGF-β1, which drives fibroblasts to differ-
entiate into myofibroblasts, is a vital profibrotic 
cytokine in pulmonary fibrosis25. Activated myo-
fibroblasts secrete ECM components, such as col-
lagens, and promote pulmonary fibrosis. TIMP-1 
is overexpressed in activated fibroblasts and ex-
erts multiple stimulatory effects on the develop-
ment and progression of pulmonary fibrosis. As 
an endogenous inhibitor of metalloproteinases, 
TIMP-1 induces fibroblast differentiation and in-
hibits the apoptosis of myofibroblasts in fibrotic 
tissues26. In addition, TIMP-1 promotes fibrosis 
by inhibiting MMP-mediated ECM degradation27. 
Both TGF-β1 and TIMP-1 are highly expressed in 
patients with IPF. In the present study, ZSP1603 
significantly decreased the expression of TGF-β1, 
TIMP-1, and COL1A1 in pHPFs stimulated with 
PDGF-BB. Besides, ZSP1603 also suppressed the 
expression of TIMP-1, COL1A1, and α-SMA in 
pHPFs stimulated with TGF-β1. Based on these 
findings, we infer that ZSP1603 can inhibit the 
differentiation of fibroblasts into myofibroblasts 

by inhibiting the upregulation of TGF-β1, TIMP-
1, COL1A1, and α-SMA induced by PDGF-BB. 

The therapeutic and preventive effects of 
ZSP1603 on pulmonary injury, inflammation, and 
fibrosis were explored in the rats and mice mod-
els of bleomycin-induced pulmonary fibrosis. No 
death occurred in the bleomycin-induced unilater-
al left pulmonary fibrosis model during the study. 
Moreover, some advantages of ZSP1603 were 
observed compared with Nintedanib. As shown 
in Figure 2, the suppressive effects of ZSP1603 
(50 mpk group in the therapeutic study) on pul-
monary injury (bronchioles) and inflammation 
(arterioles) were more effective than that of Nin-
tedanib in the same dose in the rat fibrosis model. 
Meanwhile, ZSP1603 was more tolerant and safer 
than Nintedanib based on the observed changes in 
body weight. The respiratory functions and lung 
hydroxyproline levels treated with ZSP1603 and 
Nintedanib were not significantly different com-
pared to the control group (Supplementary Fig-
ures 11-12).

Figure 6. Preventive effects ZSP1603 on pulmonary injury, inflammation and fibrosis in the mouse model of bleomycin-in-
duced pulmonary injury and fibrosis. A, Overall pulmonary pathological scores of each group. B, The pathological score for 
pulmonary inflammation in the bronchioles and arterioles. C, The fibrosis score in each group. D, Typical images of whole 
lungs, pathological sections and histological changes in pulmonary injury and inflammation in the pulmonary bronchioles, 
small arteries and alveoli areas were shown (magnification: 200×). The red arrow indicates the walls of the pulmonary arteries, 
the black arrow indicated the walls of the pulmonary bronchioles, and the blue five-pointed star indicated the inflammatory 
cell infiltration in alveolar areas. #p<0.05 compared with the 50 mpk Nintedanib group; *p<0.05, **p<0.01, ***p<0.001, and 
****p<0.0001 compared with the model group; mpk indicated mg/kg.
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Conclusions

ZSP1603 is an effective anti-fibrotic com-
pound for pulmonary fibrosis therapy, with clear 
molecular mechanisms and therapeutic effects in 
preclinical animal models.
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