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ABSTRACT

Introduction: Scleroderma is an immune-mediated connective tissue disease with interstitial lung disease (ILD) being 
its leading cause of mortality. However, the treatment of ILD in scleroderma is still unsatisfactory. Physalis angulata 
(ciplukan) herb has shown promise in treating skin sclerosis in scleroderma patients but its effect on lung fibrosis 
remain unexplored. The aim of this study is to evaluate the effect of ciplukan herb for the treatment of lung fibrosis in 
bleomycin-induced scleroderma animal model. Methods: Sprague-Dawley rats were divided into 6 groups: 4 groups 
were given bleomycin and ciplukan extract dose 50,100,150, and 200 mg/kg Body Weight, respectively, bleomycin 
only and negative control. Bleomycin was given subcutaneously for 14 days and ciplukan or saline were given from 
day 21 for 30 days and then animals were sacrificed. Degree of fibrosis and area of fibrosis from lung histopatholo-
gy, TGF-β, and MMP-13 levels from lung homogenates were then analyzed. TGF-β and MMP13 were measured by 
ELISA methods. Results: There was significant reduction in lung fibrosis extent on groups receiving ciplukan extract 
dose 100, 150, and 200 mg/kgBW compared with bleomycin group however dose 200 mg/kgBW showed increase in 
fibrosis score. There were no differences of TGF-β and MMP-13 levels among groups. Conclusion: Ciplukan extract 
reduced extent of lung fibrosis but showed no effect on TGF-β and MMP-13 levels.
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INTRODUCTION 

Systemic sclerosis or scleroderma is characterized by 
skin and internal organ fibrosis as well as vasculopathy.
(1) In various scleroderma-related cohorts, interstitial 
lung disease is among the main causes of death.(2)

To date, the treatment for interstitial lung disease in 
scleroderma remains unsatisfactory, as it currently 
consists of immunosuppressants and antifibrotics.(3) 
Immunosuppressive treatment can have potentially 
serious side effects. Nintedanib, an antifibrotic agent 
effective for lung fibrosis in scleroderma, requires huge 
costs which may lead to inability to continue treatment.
(3, 4) Therefore there is still need to find potential 
treatment for scleroderma.

Physalis angulata, or ciplukan, belongs to the Solanaceae 
family, and has been widely used as a medicinal plant 



22

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Mal J Med Health Sci 21(SUPP8):21-26, Oct 2025

in Indonesia.(5) Ciplukan contains various active 
substances and has been proven to improve skin fibrosis 
in scleroderma patients in a study by Dewi et al.(6) 
However, to date no study have assessed the effects 
of ciplukan on the lung involvement in scleroderma 
animal models. The objective of this study is to evaluate 
the effects of ciplukan extract for lung fibrosis defined 
by severity and extension of lung fibrosis, as well as its 
mechanism of actions through evaluation of TGF-β as 
the main profibrotic mediator and MMP-13 levels as 
the representation of fibrosis reversal mechanism in the 
bleomycin-induced scleroderma animal models.

MATERIALS AND METHODS

Experimental animal
Male rats (Rattus norvegicus) of the Sprague Dawley 
strain aged 10-12 weeks was obtained from the 
Management Unit for Laboratory Animal, School of 
Veterinary Medicine and Biomedical Sciences, IPB 
University. Rats were acclimatized for seven days 
before the treatment period. Rats were divided into six 
groups. The first four groups received bleomycin on 
the first to the 14th day, then from the 21st day until 
the next 30 days received ciplukan extract with four 
dose levels: 50 mg/kgBW (BLM+CIP50), 100 mg/kgBW 
(BLM+CIP100), 150 mg/kgBW (BLM+CIP150), and 
200 mg/kgBW (BLM+CIP200). The fifth group received 
subcutaneous bleomycin on the first 14 day and then 
saline from the 21st day (BLM) until the next 30 days, 
whereas the sixth group did not receive bleomycin and 
ciplukan (negative control). Each groups consisted of six 
rats, except the negative control group, which consisted 
of three rats. Rats were placed in standard cages with 
food and clean water ad libitum as well as a 12-hour 
light-dark cycle per day. The conditions of the animals 
were evaluated daily by one attending veterinarian and 
two laboratory technicians. At the end of experiment, all 
rats were sacrificed with an overdose of ketamine HCl 
and xylazine.

The animal experiment and histopathological 
examination was conducted at the School of Veterinary 
Medicine and Biomedical Sciences, IPB University 
whereas TGF-β and MMP-13 level examinations were 
conducted at the integrated laboratory of the Faculty of 
Medicine, Universitas Indonesia. This study received 
ethical clearances from the Faculty of Medicine, 
University of Indonesia-Dr. Cipto Mangunkusumo 
Hospital Research Ethics Committee on 7 February 
2022 (ethical clearance number KET-136/UN2.F1/
ETIK/PPM.00.02/2022) and from the Animal Ethics 
Committee, School of Veterinary Medicine and 
Biomedical Sciences, IPB University on 21 June 2022 
(ethical clearance number 008/KEH/SKE/VI/2022).

Histopathological examination
Lung tissues were extracted after the rats were terminated. 
Tissue samples were fixed for at least six hours in 10% 

buffered neutral formalin solution and then made into 
paraffin blocks. Three-to-five micrometer sections were 
made from the paraffin block, and then stained with 
hematoxylin-eosin and Masson’s trichrome. Fibrosis 
severity was done using the Ashcroft score with score 
range of 0-8 in ten fields of view per lobe with 100x 
magnification.(7) The extent of lung fibrosis is calculated 
using the Image J software and presented as percentages. 

TGF-β and MMP-13 examination
The levels of TGF-β and MMP-13 from lung homogenate 
samples were quantified using ELISA method (FineTest®, 
China for TGF-β and LSBio®, Shirley, MA, USA for 
MMP-13) according to manufacturer’s intructions. 
The microplate reader (multiscanGO) was utilized to 
measure the optical density at a wavelength of 450 nm. 

Scleroderma-inducing agent
Bleomycin hydrochloride (Bleocin®, Kalbe Farma, 
Indonesia) 15 mg dissolved in 7.5 mL of sterile distilled 
water and then injected subcutaneously (SC) 100 μL 
every day for 14 days. 

Ciplukan extract
Ethanolic extract of ciplukan was ordered from the 
Herbal Medicine Center, Faculty of Medicine, Gadjah 
Mada University, Yogyakarta. Examination of the 
substances contained in the ciplukan was conducted 
using spectrophotometry, while the active substances of 
ciplukan, namely withangulatin A and quercetin, were 
identified using thin layer chromatography.

Data processing and analysis 
Data analysis was conducted using SPSS 29.0 software. 
Numerical data were presented as mean and standard 
deviation if the data distribution was normal, or as median 
and minimum-maximum value if the data distribution 
was non-normal. The mean differences of fibrosis 
severity, extent of lung fibrosis, TGF-β, and MMP-13 
levels between groups were analyzed using ANOVA test 
with post-hoc analysis (Bonferroni or Games-Howell) if 
the data distribution was normal, and Kruskal-Wallis 
test with post-hoc analysis (Mann-Whitney) if the data 
distribution was non-normal. Statistical significance was 
defined as a p value of less than 0.05. Graph was drawn 
using GraphPad Prism 10.1.1.

RESULT

Changes in experimental animal body weight and lung 
weight between groups
All experimental animals survived until the end of the 
study. During daily observations, no changes were found 
in the physical appearance and behavior of all animals. 
Their body weight and lung weight are presented in 
Table I. All rats showed an increase in body weight. 
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Fig. 2 Lung histopathology features between groups. Masson’s 
trichrome staining with 100x magnification. 

Table I. Body weight and lung weight of the experi-
mental animals

Animal 
group

Initial 
body 

weight 
in 

grams
(mean 
+SD)

Final 
body 

weight 
in 

grams 
(mean 
+SD)

Delta 
body 

weight 
in 

grams 
(mean 
+SD)

Total 
lung 

weight 
in 

grams 
(medi-

an, min-
max)

Relative 
lung 

weight

BLM+ 
CIP50

255.3 + 
7.3

331.6 + 
18.7

76.3 + 
16.4

1.37

(1.24-
2.15)

0.00462

BLM+ 
CIP100

240.3 + 
37.6

301.3 + 
40.8

61 + 
29.2

1.91
(1.65-
4.1)

0.00785

BLM+ 
CIP150

259.6 + 
32.2

317.0 + 
31.0

57.3 + 
24.9

1.9

(1.41-2)

0.00561

BLM+ 
CIP200

251.8 + 
36.2

321.3 + 
26.9

69.5 + 
39.6

1.51

(1.42-
1.88)

0.00487

BLM 216.3 + 
18.7

316.6 + 
48.5

100.3 + 
59.0

1.54

(1.39-
2.17)

0.00546

Neg-
ative 

control

264 + 
24.9

290 + 
26.5

26 + 
14.5

1.47

(1.47-
2.48)

0.00628

BLM+CIP50: Ciplukan 50 mg/kgBW group; BLM+CIP100: Ciplukan 100 mg/kgBW group; 
BLM+CIP150: Ciplukan 150 mg/kgBW group; BLM: Ciplukan 200 mg/kgBW gruoup; BLM: 
no ciplukan extract given; relative lung weight = lung weight/body weight

Effects of the ciplukan herb on the severity of pulmonary 
fibrosis
The lowest fibrosis score was observed in the negative 
control group and the BLM+CIP100 (Fig. 1 and Fig. 2), 
while the highest score in the BLM+CIP200 group. There 
were statistically significant differences in fibrosis score 
between groups from the ANOVA test (Table II) and 
post-hoc test showed BLM+CIP200 group has higher 
fibrosis score compared to negative control. 

Fig. 1 Ashcroft fibrosis score between groups. Numbers above each 
column indicates mean, error bars indicate standard deviation. *) p = 
0.04 on Games-Howell post-hoc test for ANOVA.

Table II. Differences in Ashcroft fibrosis scores be-
tween groups

Fi-
brosis 
Score

BLM 
+ 
CIP 
50

BLM 
+ 

CIP 
100

BLM 
+ 

CIP 
150

BLM 
+ 

CIP 
200

BLM

Neg-
ative 
Con-
trol

p

Ash- 
croft 
score 
(mean 
+ SD)

5.4 + 
0.3

4.9 
+ 

0.7

5.4  
+ 0.5

5.9 + 
0.2

5.4  
+ 

 0.7

4.9 + 
0.3

*) ANOVA test; BLM+CIP50: Ciplukan 50 mg/kgBW group; BLM+CIP100: Ciplukan 100 mg/
kgBW group; BLM+CIP150: Ciplukan 150 mg/kgBW group; BLM: Ciplukan 200 mg/kgBW 
gruoup; BLM: no ciplukan extract given.

0.
00

5*
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Effects of the ciplukan herb on the extent of lung fibrosis
The lung fibrosis area is assessed based on the percentage 
of the area experiencing fibrosis compared to the area 
of the visual field. There were statistically significant 
differences in the area of fibrosis between groups (Table 
III). In the post-hoc analysis (Mann-Whitney), statistically 
significant differences were found in most groups. The 
BLM+CIP100, BLM+CIP150 and BLM+CIP200 groups 
showed statistically significant reduction of lung fibrosis 
extension compared to the BLM group (Fig. 3).

Table III. Differences in area of fibrosis between groups

Fibrosis 
Tissue 
Area

BLM
+

CIP
50

BLM 
+ 

CIP 
100

BLM 
+ 

CIP 
150

BLM 
+ 

CIP 
200

BLM

Neg-
ative 
con-
trol

p

Fibrosis 
tissue 
area in 

percent-
age; 

median 
(min-
max)

*) Kruskal-Wallis test; BLM+CIP50: Ciplukan 50 mg/kgBW group; BLM+CIP100: Ciplukan 
100 mg/kgBW group; BLM+CIP150: Ciplukan 150 mg/kgBW group; BLM: Ciplukan 200 
mg/kgBW gruoup; BLM: no ciplukan extract given.

19
.3

8 
(1

7.
86

-2
0.

64
)

41
.1

5 
(4

0.
56

-5
8.

3)

20
.9

7 
(1

9.
25

-3
0.

21
)

4.
05

 
(3

.0
4-

6.
06

)

51
.2

1 
(4

9.
1-

52
.3

3)

20
.1

3 
(2

0.
11

-3
0.

56
)

<
0.

05
*



Mal J Med Health Sci 21(SUPP8):21-26, Oct 202524

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

Fig. 3 Differences in fibrosis area between groups. Note: Mann-
Whitney post-hoc analysis test results: ****) p < 0.05; ns) not 
statistically significant. Numbers and error bars on graph indicate 
mean and standard deviation.

Effects of the ciplukan herb on TGF-β and MMP-13 
levels in lung tissue
There was no statistically significant difference in lung 
tissue TGF-β levels between groups in the ANOVA 
test (Table IV). Likewise, there were no statistically 
significant differences in lung tissue MMP-13 levels 
between groups in the ANOVA test (Table IV).

DISCUSSION

The administration of subcutaneous bleomycin in 
animal models of pulmonary fibrosis resulted in fibrosis 
of the lungs that resembles interstitial lung disease in 
scleroderma.(8) In models of lung fibrosis, decrease in 
the body weight of experimental animals and increase 
in lung weight and relative lung weight can occur.(8) 
In this study, the body weight of the rats in all groups 
increased. This is consistent with previous study which 
showed that murine experienced weight gain compared 
to baseline weight after receiving bleomycin. (9) 

In this study, ciplukan reduced the extent of fibrosis in 
the BLM+CIP150, BLM+CIP100, BLM+CIP200 groups 
compared to BLM group. Meanwhile, Ashcroft fibrosis 
score was higher in BLM+CIP200 group compared to 
negative control. It seems that 100 and 150 mg/kgBW 
were the optimal dose and higher dose may promote 
fibrosis. To date, no study has been conducted to 
assess the effects of the ciplukan extract on lung 
fibrosis in animal models or humans. Ciplukan extract 
have been shown to reduce scleroderma skin fibrosis 
as shown by a study by Dewi, et al.(6) The dose used 
in that study was 750 mg or the equivalent of 92 mg/
kgBW in mice based on conversion by Nair, et al.(10) 
which was relatively consistent with the current study, 
where the lowest lung fibrosis score was found in the 
group receiving ciplukan at a dose of 100 mg/kgBW. 
Some substance can cause different effect on fibrosis 
on different dosage. Study by Liu, et al. on model of 
renal fibrosis showed that resveratrol on low dose can 
improve fibrosis while higher dose may aggravate renal 
fibrosis.(11) Physalis alkekengi contain resveratrol but 
its presence on Physalis angulata is still unknown.(12) 
We suspect such substance maybe present in ciplukan 
which may explain our findings. 

The timing an intervention was given for lung fibrosis 
can influence different pathogenetic pathways. Ciplukan 
seems to function as antifibrotic because it reduced 
extent of fibrosis and was given during the fibrotic 
phase.(13) Resolution of fibrosis happened through 
three steps which are removal of fibrotic trigger such as 
TGF-β, degradation of extracellular matrix, and removal 
of myofibroblast.(14) 

In the pathogenesis of pulmonary fibrosis, TGF-β plays 
an important role as one of the main stimulators of Ta
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fibroblasts in collagen production. In this study, there 
were no differences in TGF-β levels between groups, 
possibly because ciplukan does not inhibit the TGF-β 
pathway. No previous study has assessed the effects of 
ciplukan extract on the TGF-β pathway in pulmonary 
fibrosis models. A study by Pereda, et al., using fibroblast 
cells, showed that administration of ciplukan reduced 
TGF-β but increased collagen production.(15) This 
indicates that the effects of ciplukan administration on 
the TGF-β pathway remains unclear. Other pathogenetic 
pathways also play a role in the pathogenesis of 
pulmonary fibrosis such as Platelet Derived Growth 
Factor (PDGF) or glycogen metabolism pathways. PDGF 
is a potent mitogen for fibroblast and PDGF treatment 
on human lung fibroblast can increase expression of 
collagen.(16) PDGF family consists of PDGF-A, B, C, 
and D, forming homo or heterodimers and consist of 
five subtypes (AA, AB, BB, CC, and DD).(16) PDGF-
BB can induced proliferation of fibroblast stronger than 
PDGF-AA.(17) Physalin B, a constituent of ciplukan, 
can inhibit PDGF-BB.(18) Nintedanib, an FDA approved 
medication for scleroderma related ILD, also interferes, 
among others, the PDGF pathway.(19) Glycogen 
utilization is important for fibrosis development. 
Glycogen utilization mediated by lysosomal alpha 
acid glucosidase can drive pulmonary fibrosis.(20) 
Quercetin, a substance contained in ciplukan, is known 
to inhibit acid glucosidase.(21) This study, however, did 
not assess these other fibrotic pathways.

Fibrosis was once taught as an irreversible process 
however studies showed that fibrosis can regress. The 
resolution process of fibrosis occurs through several 
stages, which include termination of excess matrix 
production, cleaning of the matrix, and regeneration of 
normal tissue.(22) The balance of extracellular matrix 
synthesis and clearance is influenced by the interaction 
between MMP and tissue inhibitor of metalloproteinase 
(TIMP).(14) MMPs play an important role in extracellular 
matrix degradation. MMP-13 is expressed by fibroblasts 
and its expression is regulated by various cytokines such 
as TGF-β, IL-6, and IL-13.(23) Several studies showed 
that MMP-13 may play a role on fibrosis resolution. A 
study by Cabrera, et al. showed that MMP-13 knockout 
mice experienced a slower resolution of lung fibrosis.
(24) Study by Asano, et al. showed that serum MMP-
13 was significantly lower in systemic sclerosis patients 
compared to normal control.(25) In this study, ciplukan 
was given after fibrosis has been established and can 
reduce fibrosis area which points out that ciplukan may 
be interfere in fibrosis resolution process. However, 
there were no significant differences in MMP-13 levels 
between groups. Fibrosis resolution is a complex process 

that is likely not only dependent on MMP-13 but also 
related to other matrix metalloproteinases.(26) The 
balance between MMP and TIMP also important in the 
resolution process of fibrosis.(27) Therefore, effects of 
ciplukan on other MMP and also on MMP-TIMP balance 
needs to be studied further. Based on our findings, we 
suspect that ciplukan may improve extent of lung fibrosis 
not through TGF-β or MMP-13 pathways but maybe 
through other mechanism such as interfering MMP-
TIMP balance or through PDGF or glycogen utilization 
pathways. Another potential antifibrotic pathway that 
can be influenced by ciplukan is through elimination 
of fibrogenic myofibroblast by dedifferentiation of 
myofibroblast mediated by activation of PPAR-γ.(28)  
Withangulatin A, a constituent of ciplukan, can induce 
PPAR-γ.(29) 

This is the first study to assess the effects of ciplukan 
extract on pulmonary fibrosis in a scleroderma animal 
model with histopathology confirmation. Our study 
showed consistent result with study by Imaduddin et al, 
which showed antifibrotic potential of ciplukan, however 
that study did not assess the histopathology of the lungs.
(30) This study also assessed several dosage levels of the 
ciplukan herb. This study has some limitations such as 
did not assess all pathogenetic pathways in pulmonary 
fibrosis as well as fibrosis resolution process and, did 
not compare ciplukan with standard treatment and the 
relatively short duration of treatment considering the 
chronic nature of ILD in scleroderma. Future studies 
on the effect of ciplukan on lung fibrosis with longer 
treatment duration, comparison with standard treatment, 
and evaluation of other profibrotic and antifibrotic 
pathways can futher clarify the role of ciplukan and its 
mechanism of action on lung fibrosis treatment. 

CONCLUSION

Ciplukan extract can reduce extent of pulmonary 
fibrosis, especially with dose of 100 and 150 mg/kgBW 
but showed no effect on TGF-β or MMP-13 levels. 

ACKNOWLEDGMENTS

We thank drh. Tri Isyani Tunggadewi, M.Si and her 
team for the assistance in handling the animal during 
experiment and for the assistance during data collection. 
We also thank Prof. Dr. Mae Sri Hartati W, Apt, M.Si 
from the Herbal Medicine Center, Faculty of Medicine, 
Gadjah Mada University, Yogyakarta for her assistance 
in providing ciplukan extract and for the insightful 
discussion.



Mal J Med Health Sci 21(SUPP8):21-26, Oct 202526

Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

REFERENCES

1.	 Denton C, Khanna D. Systemic Sclerosis. Lancet. 
2017;390(101013):1685-99.

2.	 Elhai M, Meune C, Avouac J, Kahan A, Allanore Y. 
Trends in mortality in patients with systemic sclerosis 
over 40 years: a systematic review and meta-
analysis of cohort studies. Rheumatology (Oxford). 
2012;51(6):1017-26.

3.	 Vonk MC, Smith V, Sfikakis PP, Cutolo M, Del Galdo 
F, Seibold JR. Pharmacological treatments for SSc-
ILD: Systematic review and critical appraisal of the 
evidence. Autoimmun Rev. 2021;20(12):102978.

4.	 Mullerpattan JB, Porwal SH, Sarkar TA, Wagh 
HD, Udwadia ZF. Use of nintedanib in patients 
with idiopathic pulmonary fibrosis: initial Indian 
experience. Lung India. 2019;36(5):465-6.

5.	 Rathi V, Rathi JC, Patel K, Kanojia SSS, Tamizharasi S. 
A comprehensive review of Physalis Angulata. World 
J  Pharm Res. 2017;6(4):1503-12.

6.	 Dewi S, Isbagio H, Purwaningsih EH, Kertia N, 
Setiabudy R, Setiati S. A double-blind, randomized 
controlled trial of Ciplukan  (Physalis angulata Linn) 
extract on skin fibrosis,  inflammatory, immunology, 
and fibrosis biomarkers in  scleroderma patients. Acta 
Med Indones. 2019;51:303-10.

7.	 Ashcroft T, Simpson JM, Timbrelli V. Simple method 
of estimating severity of pulmonary fibrosis on a   
numerical scale. J Clin Pathol. 1988;41:467-70.

8.	 Lam AP, Herzog EL, Melichian D, Sennello J, Gan 
Y, Raparin K, et al. Distinct patterns of pulmonary 
injury and fibrosis induced by intratracheal and 
subcutaneous bleomycin in the mouse: relevance for 
distinct forms of human lung fibrosis. In: Robertson 
L, editor. Cystic and Idiopathic Pulmonary Fibrosis. 
New York: Nova Science Publishers; 2016. p. 127-
51.

9.	 Gul A, Yang F, Xie C, Mohammadtursun N, Wang B, 
Le J, et al. Pulmonary fibrosis model of mice induced 
by different administration methods of bleomycin 
BMC Pulm Med. 2023;23(91).

10.	 Nair AB, Jacob S. A simple practice guide for dose 
conversion between animals and human. J Basic Clin 
Pharma. 2016;7:27-31.

11.	 Shuyu L, Zhao M, Xhou Y, Wang C, Yuan Y, Li L, et al. 
Resveratrol exerts dose-dependent anti-fibrotic or pro-
fibrotic effects in kidneys: a potential risk to indivials 
with impaired kidney function.  Aut  Phytomedicine 
2019;57:223-35.

12.	 Vicas LG, Jurca T, Baldea I, Filip GA, Olteanu D, 
Clichici SV, et al. Physalis alkekengi L. extract reduces 
the oxidative stress, inflammation and apoptosis in 
endothelial vascular cells exposed to hyperglycemia. 
Molecules. 2020;25:3747.

13.	 Kolb P, Upagupta C, Vierhout M, Ayaub E, Bellaye 
PS, Gauldie J, et al. The importance of interventional 
timing  in the bleomycin model of pulmonary fibrosis   
Eur Respir J. 2020;55:1901105.

14.	 Glasser SW, Hagood JS, Wong S, Taype CA, Madala 
SK, Hardie WD. Mechanisms of lung fibrosis 
resolution. Am J Pathol 2016, 186: 1066e1077. 
2016;186:1066-77.

15.	 Pereda MDCV, Dieamant G, Nogueira C, Eberlin 
S, Facchini G, Mussi L, et al. Sterol‐standardized 
phytopharmaceutical from ground cherry: Corticoid‐
like properties on human keratinocytes and fibroblasts 
and its effects in a randomized double‐blind placebo‐
controlled clinical trial. J Cosmet Dermatol. 2018:1-
13.

16.	 Zhou Y, Ling T, Shi W. Current state of signaling 
pathways associated with the pathogenesis of 
idiopathic pulmonary fibrosis. Respir Res. 2024;25.

17.	 Aono Y, Nishioka Y, Inayama M, Ugai M, Kishi J, 
Uehara H, et al. Imatinib as a novel antifibrotic agent 
in bleomycin-induced pulmonary fibrosis in mice. 
Am J Respir Crit Care Med. 2005;171:1279–85.

18.	 Qiu L, Hu L, Liu X, Li W, Zhang X, Xia H, et al. Physalin 
B inhibits PDGF-BB-induced VSMC proliferation, 
migration and phenotypic transformation by activating 
the Nrf2 pathway. Food Funct 2021;12:10950-66.

19.	 Wollin L, Distler JHW, Denton CP, Gahlemann 
M. Rationale for the evaluation of  nintedanib as a 
treatment for systemic   sclerosis–associated interstitial 
lung disease. Journal of Scleroderma and  Related 
Disorders   2019:1-7.

20.	 Conroy L, Clarke H, Allison D, Valenca S, Sun Q, 
Hawkinson T, et al. Spatial metabolomics reveals 
glycogen as an  actionable target for pulmonary 
fibrosis. Nat Commun. 2023;14:2759-77.

21.	 Fu M, Shen W, Gao W, Namujia L, Yang X, Cao J, 
et al. Essential moieties of myricetins, quercetins and 
catechins for binding and inhibitory activity against 
alpha-glucosidase. Bioorg Chem. 2021;115:105235.

22.	 Atabai K, Yang CD, Podolsky MJ. You Say You Want 
a Resolution (of Fibrosis). Am J Respir Cell Mol Biol. 
2020;63(4):424–35.

23.	 Craig VJ, Zhangi L, Hagood JS, Owen CA. Matrix 
metalloproteinases as therapeutic targets for 
idiopathic  pulmonary fibrosis. Am J Respir Cell Mol 
Biol. 2015;53(5):585–600.

24.	 Cabrera S, Maciel,  M, Hernández-Barrientos,  D, 
Calyeca, et al. Delayed resolution of bleomycin-
induced pulmonary fibrosis in absence of MMP13 
(collagenase 3). Am J Physiol. 2019;316(5):L961-76   

25.	 Asano Y, Ihn H, Kubo M, Jinnin M, Mimura Y, Ashida 
R, et al. Clinical significance of serum levels of 
matrix metalloproteinase-13 in patients with systemic 
sclerosis. Rheumatology. 2006;45:303–7.

26.	 Madala SK, Pesce JT, Ramalingam TR, Wilson 
MS, Minnicozzi S, Cheever AW, et al. Matrix 
metalloproteinase 12-deficiency augments  
extracellular matrix degrading metalloproteinases 
and attenuates IL-13–dependent fibrosis. J Immunol. 
2010;184(7):3955–63.

27.	 Ruiz V, Ordonez RM, Berumen J, Ramirez R, Uhal 
B, Becerril C, et al. Unbalanced collagenases/TIMP-1 
expression and epithelial apoptosis in experimental 
lung fibrosis. Am J Physiol Lung Cell Mol Physiol. 
2003;285:L1026–36.

28.	 Jun J-I, Lau LF. Resolution of organ fibrosis. J Clin 
Invest. 2018;128(1):97-107.


