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Purpose: To explore the potential therapeutic effects of Physalis angulata L. (Ciplukan) extract on lung fibrosis resolution in 
a Bleomycin-induced mouse model, researchers conducted a comprehensive study. The study focused on key genes associated with 
fibrosis progression, including Nox4, Mmp8, Klf4, and FAS, and assessed their mRNA expression levels following the administration 
of Ciplukan extract.
Methods: A Bleomycin-induced mice model was divided into seven groups to investigate the effects of ciplukan extract on fibrosis- 
related gene expressions. Mice were induced with subcutaneously injected Bleomycin to generate lung fibrosis and given different 
doses of the Ciplukan extract for four weeks. Lung fibrosis mRNA expression was analyzed by semi-quantitative PCR for Nox4, Klf4, 
Mmp8, and FAS.
Results: The administration of ciplukan extract resulted in a significant decrease in mRNA expression of Nox4 with p-value=0.000, 
Mmp8 with p-value =0.002, and Klf4 with p-value =0.007, indicating potential antifibrotic effects. However, FAS expression remained 
unchanged (p-value=0.127).
Conclusion: Ciplukan extract exhibited promising effects on fibrosis-related gene expressions, particularly Nox4, Mmp8, and Klf4. 
This study suggests that the extract has the potential to intervene in fibrosis progression, offering a potential avenue for therapeutic 
strategies.
Keywords: ciplukan, FAS, Klf4, lung fibrosis, Mmp8, Nox4, pulmonary fibrosis, Physalis angulata L

Introduction
Pulmonary Fibrosis (PF) is one of the aging diseases resulting from weakened anti-inflammatory activation and distorted 
resolution.1 Epithelial cell injury, chronic inflammation, and extracellular matrix protein deposition are pathological 
features of interstitial pneumonia, shared by idiopathic pulmonary fibrosis (IPF), another interstitial lung disease.2 Life 
expectancy is typically 2–3 years from diagnosis; the disease is progressive, irreversible, and incurable.3,4 An abnormal 
accumulation of collagen-rich ECM is a hallmark of fibrosis. Myofibroblasts are a hallmark feature of fibrotic diseases, 
contributing to fibrosis pathology by secreting a large amount of ECM and participating in alveolar contraction. IPF 
triggers lung remodeling and epithelial-to-mesenchymal transition (EMT) because of the severe damage to alveolar 
epithelial cells that it causes.5 Fibrogenesis in the lungs involves a balance between ECM accumulation and the removal 
of excess ECM.6,7 The success of fibrosis resolution includes identifying and eliminating fibroproliferative stimuli, 
degrading and clearing ECM, clearing altered myofibroblasts, and recovering damaged lung epithelium and alveoli.8 

Pulmonary fibrosis is partially triggered by the activation of genes involved in cell proliferation, cell death, and fibroblast 
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proliferation in response to injury.9 In vivo study of Nox4 and its subsequent products have a significant role in inducing 
oxidative stress.10 ROS-induced cell death in the lung epithelium may help researchers find new therapeutic targets for 
treating lung fibrosis.11 Nox4’s ROS production is critical in triggering the epithelial cell death that ultimately results in 
pulmonary fibrosis.12 Krüppel-like factor 4 (KLF4) is a transcription factor widely recognized for its capacity to either 
stimulate or hinder the proliferation of various cancer cells contingent upon the particular circumstances in which it 
operates. Lung fibrogenesis is significantly slowed by the transcription factor KLF4. The expression of this gene within 
fibroblasts helps prevent fibrosis from worsening and can even lead to its spontaneous resolution.13 Currently, there are 
two treatments for fibrosis, namely pirfenidone and nintedanib. Nonetheless, these drugs cannot cure IPF or stop the 
condition’s advancement.14,15 Thus, therapeutic strategies are required, such as developing nutraceutical agents that may 
help slow or reverse the fibrosis progression.

In Indonesia, there are many plants variety of plants rich in antioxidants. Phenolic and polyphenolic compounds, such 
as flavonoids, cinnamic acid derivatives, coumarins, tocopherols, and polyfunctional acids, are plants’ most common 
types of natural antioxidants. One of these medicinal plants is the Ciplukan (Physalis angulata L.), which was previously 
considered a weed.16 The extracts of Ciplukan leaves and fruits have therapeutic activities such as anti-allergic, anti- 
asthma, anti-malarial, anticancer, antioxidant, immunomodulatory, and anti-inflammatory activities, which result from 
the content of total phenolics and flavonoids.16,17 Ciplukan contains citric acid, terpenes/sterols, saponins, flavonoids, and 
alkaloids. Secondary metabolites like alkaloids, glycosides, flavonoids, tannins, and phenolics have been detected in the 
preliminary phytochemical screening of Ciplukan fruit and leaves.17 Active components found in Ciplukan include 
saponins, flavonoids, polyphenols, alkaloids, protein, chlorogenic acid, withangulatin A (WA), palmitic acid, acetic acid, 
protein, vitamin C, tannins, and malic acid.16,17 In addition to kaempferol 7-O-rhamnoside and isoquercitrin, the 
flavonoids Quercetin, Quercetin 3-O-methyl ether, and Ciplukan have been identified.18 Quercetin, a prominent flavonoid 
in the flavonol class, is part of the group of plant pigments known as flavonoids, which add color to numerous fruits, 
flowers, and vegetables.19

Inflammation is one of a key factor in pulmonary fibrosis, causing severe damage to alveolar epithelium and 
disrupting alveolar structure.20 Cytokines like TGF-β, tumor necrosis factor (TNF-α), and interleukin-1β (IL-1β) induce 
EMT in the mesenchymal phenotype, resembling myofibroblasts in fibrotic foci.21 NADPH oxidase contributes to cell 
senescence and fosters fibroblast apoptosis resistance in individuals with pulmonary fibrosis due to an imbalance in 
Nox4-Nrf2 signaling. Quercetin significantly suppressed TGF-β induced NOX4 mRNA expression.22 TGF-β1 triggers 
NOX4 expression in lung mesenchymal cells via a SMAD3-dependent mechanism, leading to hydrogen peroxide (H2O2) 
generation essential for myofibroblast differentiation, ECM production, and contractility. High Nox4 expression induces 
fibroblast differentiation into myofibroblasts, triggering significant collagen secretion and ultimately leading to PF.23 

Ciplukan recognized for its anti-inflammatory effects, balances redox and reduces ROS, including through Nox4, 
inducing improvement of fibrosis. NOX4 plays a vital role in myofibroblast activation and lung fibroblast phenotype 
regulation.22 Elevated Nox4 expression induces fibroblast differentiation into myofibroblasts, resulting in substantial 
collagen secretion and pulmonary fibrosis. Ciplukan extract inhibits radiation-induced fibroblast differentiation into 
myofibroblasts by targeting the p38/MAPK/Akt/Nox4 pathway, regulating mitochondrial ROS and ATP production.24 

The redox imbalance of Nox4-Nrf2 is a focus in developing PF therapies. Hence, pulmonary fibrosis may benefit from 
Nox4 inhibition.25 Quercetin has the potential to be involved in mitigating pulmonary fibrosis.

Quercetin mediates antifibrotic effects by inhibiting macrophage senescence by decreasing expression, including 
MMPs.26 According to the reviewed literature, Quercetin is one of the main flavonoids that helps to reduce Mmp-8 
expression. When Quercetin is taken orally, Mmp-8 expression is significantly suppressed.27 Ciplukan indirectly plays an 
anti-fibrotic role by reducing Mmp8 and increasing IL-10 as well as Mmp9, leading to extracellular matrix (ECM) 
degradation and collagen fragment formation, facilitating fibrosis resolution.28 Lung fibrogenesis is significantly slowed 
by the transcription factor KLF4. The expression of this gene within fibroblasts helps prevent fibrosis from worsening 
and can even lead to its spontaneous resolution.13 KLF4 expression was decreased with Quercetin administration.29 

Additionally, it directly stimulates myofibroblast apoptosis by enhancing Fas/FasL secretion, resulting in myofibroblast 
apoptosis and enabling fibrosis resolution.30 Quercetin increases FasL receptor expression, reducing resistance to death 
ligand-induced apoptosis.19 Other studies show that dasatinib and Quercetin selectively induce apoptosis in senescent 

https://doi.org/10.2147/JEP.S439932                                                                                                                                                                                                                                    

DovePress                                                                                                                                         

Journal of Experimental Pharmacology 2024:16 50

Imaduddin et al                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


cells and SASP within 48 hours in human tissue.31 Through the TGF-B/AKT/mTOR signaling pathway, Quercetin 
stimulates autophagy and antifibrotic activities while blocking profibrotic factors.32 The schematic diagram of the 
mechanism of the Physalis angulata L. on pulmonary fibrosis can be seen in Figure 1. However, research on the effect 
of Ciplukan extract as an adjunctive agent as antifibrotic via modulation of Nox4, Klf4, Mmp8, and FAS level expression 
in fibrosis lung tissue is still very limited.

Materials and Methods
Animals
Mice (Mus musculus) weighing 20–30 grams at six weeks of age were used in this study. Standard cage dimensions 
(54×36.5×28.5 cm3) were used to house the mice, and fine sawdust was provided as the primary nesting material. With 
a photoperiod of 16:8 (L:D), the room was kept at 24–26°C with humidity between 40 and 60%. The cages were washed 
twice weekly to ensure cleanliness and had adequate ventilation installed. The rats were provided with water ad libitum 

Figure 1 The schematic diagram of the mechanism of the Physalis angulata L. on pulmonary fibrosis. 
Abbreviations: ECM, Extracellular matrix; Klf4, Krüppel-like factor 4; Mmp8, Matrix metalloproteinase 8; Nox4, NADPH oxidase 4 protein; ROS, Reactive Oxygen 
Species; TGF-β, Transforming Growth Factor-Beta.
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and a standardized normal chow diet (NCD) consisting of 65.5% (w/w) carbohydrates, 25% (w/w) protein, 7% (w/w) fat, 
and an estimated 5% (w/w) micronutrients and minerals. Seven different sets of mice were tested: Groups of mice were 
divided into the following categories: N (control); BLM (Bleomycin-induced); BLM + M (Bleomycin-induced + 
Mycophenolate mofetil); BLM + C1 (Bleomycin-induced + Ciplukan supplement at dose 1); BLM + C2 (Bleomycin- 
induced + Ciplukan supplement at dose 2); BLM + M + C1 (Bleomycin-induced + Mycophenolate mofetil + Ciplukan 
supplement at dose 1); and BLM + M + C2 (Bleomycin-induced + Mycophenolate mofetil + Ciplukan supplement at 
dose 2) for four weeks, 0.5 mg of Bleomycin was injected subcutaneously twice weekly into mice to create a model of 
pulmonary fibrosis. The mice were given Physalis angulata L. extract at 1.95 mg (dose 1) and 3.9 mg (dose 2) once daily 
for four weeks, beginning at week six after bleomycin induction. The mice were killed when the treatment period was 
over. The termination of the experimental mice was performed by intraperitoneal administration of 1 mL of ketamine 
(100mg/mL) and 0,1mL xylazine (20mg/mL) completed with 8.9 mL of physiological saline, for a total of 10 mL. After 
the sedative effects became apparent, cervical dislocation and decapitation were conducted. Figure 2a provides 

Figure 2 Effect of Physalis angulata L. in fibrosis lung tissue. (a) Mice received subcutaneous bleomycine or 0.9% normal saline on day 0 (control) for four weeks. And treated 
groups received C+ M for four weeks. (b) Representative of electrophoresis. (c) Quantification of Nox4 mRNA expression. (d) Quantification of Mmp8 mRNA expression. 
(e) Quantification of Klf4 mRNA expression. (f) Quantification of FAS mRNA expression. All of the data were normalized by GAPDH and presented as mean ±SEM (n=3). 
The significance level is determined by a p-value< 0.05. Symbol X, represents animal sacrifice; *Refers to statistical significance; ●Scatter plot. 
Abbreviations: BLM, Bleomycine; C, Ciplukan; C1, Ciplukan dose 1; C2, Ciplukan dose 2; GAPDH, Glyceraldehyde 3-Phosphate Dehydrogenase; Klf4, Krüppel-like factor 
4; Mmp8, Matrix metalloproteinase 8; M, Mycophenolate mofetil; N, control; Nox4, NADPH oxidase 4 protein.
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information on the treatment of mice during study. Tissue samples from the lungs were taken for mRNA testing. This 
investigation is an example of in vivo experimental research, with frozen mouse lung tissue as the research object.

Physalis angulata L. Extract
Plants of the genus P. Angulata L. (ciplukan) were gathered from all over West Java, Indonesia, except for their roots. 
The collected samples were identified at Universitas Padjadjaran’s Department of Biology within the Faculty of 
Mathematics and Natural Sciences. The specimens were then washed before proceeding with the extraction process. 
Ethyl acetate was then used as the solvent in a cold maceration process conducted at room temperature with repeated 
stirring. The entire Ciplukan plant was soaked in 70% ethanol for three separate 24-hour periods except for the roots. 
Afterward, the 70% ethanol solvent was separated from the specimens. The 70% ethanol solvent was then concentrated 
by evaporating it using a rotary evaporator. The resulting concentrated solution was further processed into a dry extract 
using the freeze-drying method.33

Messenger RNA (mRNA) Extraction
Lung tissue mRNA was extracted with the help of the UK-based company Bioline’s Genezole reagent. Initial sample 
weights ranged from 17–20 mg. Then, 200 μL of Genezole reagent was added to the sample. After incubating for 5 
minutes at room temperature, the mixture was homogenized for 30 seconds. The samples were centrifuged for 10 minutes 
at 11,200 rpm and 4°C. The supernatant was transferred to a new 1.5 mL microcentrifuge tube that had been treated to 
remove any residual RNase, and then 40µL of 100% chloroform was added. The mixture was vortexed for 10 seconds 
and later centrifuged for 15 minutes. The 100–130 µL of the upper aqueous layer was transferred to a new RNase-free 
1.5 mL microcentrifuge tube. Following a ten-minute incubation period at room temperature, 100 mL of 100% 
isopropanol was added, and the mixture was stirred. The incubated mixture was centrifuged at 4°Celsius for 10 minutes 
at 11,200 rpm to isolate the RNA. Next, 200 μL of 70% ethanol was included, and after a five-minute centrifugation, the 
ethanol was discarded. The RNA pellet was resuspended using RNase-free water and subjected to a 10-minute incubation 
at 60°C to dissolve it.

Semi-Quantitative PCR
Concentrations of mRNA were quantified by assessing absorbance at 268/280 nm using a Multimode Microplate Reader 
(M200 Pro, Tecan, Morrisville, NC). After electrophoresis, we used a Bioline, UK One-Step RT PCR Kit to conduct 
a semi-quantitative PCR. We measured Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) expression as a quality 
assurance measure. This research used the SensoQuest Labcycler, with a denaturation process occurs at a temperature of 
95°C, an annealing process at 58°C for Nox4, Mmp8, and Fas primers; 57°C for Klf4 primer, and 60°C for GAPDH 
primer. The elongation occurred at 72°C, and 37 cycles were conducted for all primers. The BluePad Detection System 
and the National Institutes of Health’s Image J software were used to analyze and quantify the produced PCR bands—the 
PCR reaction used primers (detailed in Table 1). The electrophoresis representation can be seen in Figure 2b.

Statistical Analysis
SPSS 26.0, created by the American firm IBM Corporation, was used for the statistical analysis. The mean and standard 
error of the mean (SEM mean) illustrate the data distribution regarding central tendency and the extent of dispersion. 
One-way ANOVA and the Fisher LSD post hoc test at the 95% confidence level (p<0.05) were used to test the 
hypothesis.

Ethics Approval and Consent to Participate
The Research Ethics Committee of Universitas Padjadjaran has granted approval for the studies under the number 453/ 
UN6.KEP/EC/2023. This approval is based on adherence to the guidelines outlined in the 2020 Edition of the American 
Veterinary Medical Association (AVMA) for the Euthanasia of Animals and the Eighth Edition (2011) of the National 
Research Council of the National Academies’ Guide for the Care and Use of Laboratory Animals.
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Results
We investigated whether Indonesian Physalis Angulata L. extract could decrease Nox4 mRNA expression, affecting the 
redox balance through its role as an antioxidant. After ciplukan administration, groups BLM+C1, BLM+C2, BLM+M 
+C1, and BLM+M+C2 showed significantly lower expression of Nox4 in lung fibrosis compared to BLM mice (p<0.05; 
Figure 2c). Using One-Way Anova, we see statistically significant differences (p 0.0001) in the average levels of Nox4 
mRNA expression between the groups. Expression of Nox4 mRNA was found to be significantly lower in the N group 
compared to the BLM (p=0.000), BLM+C1-to-BLM (p=0.002), BLM+C2-to-BLM (p=0.000), BLM+M+C1-to- BLM 
(p=0.000), and BLM+M+C2-to- BLM (p=0.000) groups using the Fisher’s exact test. Neither BLM+M nor BLM mice 
showed significant differences in Nox4 expression (p>0.05).

The extract administration of Indonesian ciplukan could reduce the expression of Mmp8 mRNA, which contributes to 
resolving lung fibrosis by degrading ECM. The administration of ciplukan extract resulted in a significant decrease in 
Mmp8 expression in lung fibrosis among groups BLM+C1, BLM+C2, BLM+M+C1, and BLM+M+C2, in comparison to 
the BLM group of mice (p<0.05) (Figure 2d). The One-Way ANOVA analysis found a significant difference in Mmp8 
mRNA expression among the groups (p = 0.002). Further testing with the Fisher LSD test showed that the N group had 
significantly lower MMP8 mRNA expression compared to BLM (p = 0.002), BLM+C1 to BLM (p = 0.031), BLM+C2 to 
BLM (p = 0.018), BLM+M+C1 to BLM (p = 0.010), and BLM+M+C2 to BLM (p = 0.000). Additionally, there was no 
significant difference in Mmp8 expression between BLM+M mice and BLM (p > 0.05).

We examined whether an extract of the Indonesian plant Physalis angulata L. could inhibit fibroblast activation and 
lung fibrosis-related Klf4 mRNA expression. Klf4 expression was significantly reduced in the BLM+C1 and BLM+M 
+C2 groups after ciplukan administration compared to BLM mice (p<0.05; Figure 2e). The average expression of Klf4 
mRNA varied significantly (p = 0.003) between the groups, as determined by One-Way ANOVA. Klf4 mRNA expression 
was also significantly lower in the BLM+C1 group compared to the BLM group (p=0.029) and in the BLM+M+C2 group 
compared to the BLM group (P = 0.007). Klf4 expression was also comparable between BLM+M, BLM+C2, and BLM 
+M+C1 mice and BLM mice (p>0.05).

We investigated whether administering Physalis angulata L. extract could increase FAS mRNA expression and play 
a role in lung fibrosis resolution through its action in the apoptosis pathway. FAS expression in lung fibrosis was not 
significantly different in fibrosis-treated BLM+C2, BLM+M+C1, and BLM+M+C2 mice from BLM mice (p>0.05) 
(Figure 2f). The average levels of FAS mRNA were not significantly different between the groups using One-Way 
ANOVA (p = 0.127).

Table 1 Sequences of the Primers

mRNA Primer Sequence

Mouse Nox4 F: GGUUACAGCUUCUACCUAC 
R: GUAGGUAGAAGCUGUAACC

Mouse Klf4 F: CCAAAGAGGGGAAGAAGGTC 
R: CGTCCCAGTCACAGTGGTAA

Mouse Mmp8 F: TGCCACGATGGTTGCAGAG 
R: AGGCATTTCCATAATCCCCATTG

Mouse Fas F: GGCGGGTTCGTGAAACTGAT 

R: GAATCACTCCAACGGGCTGA

Mouse GAPDH F: CAACAGCAACTCCCACTCTTCCA 

R: ACCCTGTTGCTGTAGCCGTAT

Abbreviations: GAPDH, Glyceraldehyde 3-Phosphate Dehydrogenase; Klf4, Krüppel- 
like factor 4; Mmp8, Matrix metalloproteinase 8; mRNA, messenger ribonucleic acid; 
Nox4, NADPH oxidase 4 protein.
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Discussion
Ciplukan, or Physalis angulata L., is an Indonesian plant that has gained popularity for its medicinal properties.34 

According to a review of the available research, Ciplukan has medicinal potential for several conditions.16 First analyses 
of the phytochemistry of Ciplukan fruits and leaves showed that secondary metabolites like alkaloids, glycosides, 
flavonoids, tannins, and phenolics were present. Ciplukan has many bioactive compounds, such as saponins, flavonoids, 
polyphenols, alkaloids, protein, chlorogenic acid, withangulatin A (WA), palmitic acid, acetic acid, protein, vitamin C, 
tannins, and malic acid.33

Nox4-Nrf2 signaling is often out of whack in people with pulmonary fibrosis. NADPH oxidase makes cells resistant 
to apoptosis and helps cells age and grow fibroblasts. Targeting Nox4 as a way to treat pulmonary fibrosis is a good 
idea.25 Repairing ROS damage to the lung epithelium could open new avenues for developing therapeutic targets to treat 
pulmonary fibrosis.11 ROS are made by NOX4, which is a big reason why epithelial cells die, and pulmonary fibrosis 
happens afterward.12 Using Affymetrix, it was found that when TGF-β1 was added to human fetal lung mesenchymal 
cells (hFLMCs), NOX4 was one of the genes that changed the most.23 TGF-1 made both normal fibroblasts and IPF 
fibroblasts make more NOX4.35 Myofibroblast tissue repair and fibrogenesis are two processes in which Nox4- plays 
a crucial role. It is generally accepted that TGF-β stimulates fibroblast movement by triggering a Nox4-dependent 
generation of ROS. Fibrotic cells called myofibroblasts produce reactive oxygen species (ROS), aiding their differentia-
tion, contraction, resistance to apoptosis, and extracellular matrix (ECM) deposition.23,36 In IPF, senescent fibroblasts/ 
myofibroblasts have been found to have increased expression of Nox4, and the ROS produced by Nox4 promotes aging 
and the development of a resistance to apoptosis.25,37

These findings align with Mohammadtaghvaei et al. Quercetin led to a significant decrease in the mRNA expression 
of NOX4 induced by TGF-β in Hepatic Stellate Cell Line LX-.22 Quercetin inhibits the process of macrophage transition 
both in vivo and in vitro, consequently attenuating the MMT and the TGF-β-Smad2/3 signaling pathway. Quercetin 
reduces scarring and inflammation in mice with lung damage caused by Bleomycin by making the antioxidant enzyme 
Nrf2. However, Quercetin could not reverse the pulmonary damage caused by Bleomycin, suggesting that it cannot slow 
the development of IPF on its own.38 The accumulation of myofibroblasts that resist apoptosis and undergo senescence 
contributes to enduring fibrosis in an aging mouse model of lung fibrosis. Furthermore, reversing established lung fibrosis 
in aged mice is achievable by inhibiting the enzyme Nox4, which induces senescence and produces oxidative stress.25 

Nox4 is triggered in fibroblasts that undergo senescence due to replication, and silencing the Nox4 gene alleviates this 
senescence phenotype.39 Similar to the concept of inhibiting Nox4, approaches to address the senescence of fibroblast 
and epithelial cells through the use of senolytic combinations are under development as potential strategies to confront 
challenging fibrotic disorders like IPF.40

Polymorphonuclear leukocytes (PMNs) are considered the primary cells for expressing matrix metalloproteinase-8 
(MMP-8), a potentiated enzyme known as interstitial collagenase.41 In IPF patients’ lungs, MMP-8 expression is higher 
in leukocytes than in control lung samples. MMP-8 was found to be elevated in Bleomycin-induced mice until day 21, 
and in longer studies, it remained elevated until eight weeks post-Bleomycin (peak fibrosis) and then decreased during 
fibrosis resolution.42,43 In vivo studies, MMP-8 contributes to the fibrosis process by enhancing inflammation and 
inflammation-triggered fibrosis by cleaving IL-10, MIP-1a, and Cxcl10.44 In contrast, the loss of Mmp8 leads to an 
increase in MMP9 and IL-10 levels which possess antifibrotic abilities.45 Physalis Angulata L. contains Quercetin, a type 
of flavonoid. Ciplukan potentially reduces lung fibrosis by decreasing MMP-8 expression.17,18,46

Based on previous studies, the Ciplukan treatment groups in this investigation were divided into N, BLM+M, BLM, 
BLM+C1, BLM+C2, BLM+M+C1, and BLM+M+C2. C1 groups receiving 750mg/kg body weight and C2 receiving 
1500mg/kg body weight. One-way analysis of variance (ANOVA) revealed a p=0.002 difference in MMP8 mRNA 
expression between the treatment groups. There was a statistically significant increase in the BLM+M group compared to 
the other groups tested using Fisher’s LSD (BLM+C1=0.0031, BLM+C2=0.0018, BLM+M+C1=0.0010, BLM+M+C2 
=0.0000). This study showed that when BBTs were given with doses 1 and 2, with or without mycophenolate mofetil, 
there was a significant decrease in MMP8 mRNA expression in lung tissue. Mycophenolate mofetil combined with 
a higher dose produced the best results.

Journal of Experimental Pharmacology 2024:16                                                                                   https://doi.org/10.2147/JEP.S439932                                                                                                                                                                                                                       

DovePress                                                                                                                          
55

Dovepress                                                                                                                                                      Imaduddin et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


These findings align with Taskan et al, who reported that Quercetin reduced MMP8 at 75mg/kg body weight and 150mg/ 
kg body weight dose, with a more pronounced reduction at the latter dose.27 Similar results were shown by Meilawaty et al, 
who reported that flavonoid administration reduced MMP8 in gingival fibroblasts in a rat model.47 Collagen degradation is 
one of the processes in fibrosis resolution.48 MMP8 is an enzyme that can cleave fibrillar collagen in extracellular collagen 
degradation processes.49–51 Several factors that may influence this include spontaneous fibrosis resolution, resistant 
fibroblasts, and oxidative stress affecting the fibrosis resolution process. From this study, Ciplukan reduces Mmp8 
mRNA expression, which potentially plays a role in extracellular collagen degradation processes.

In controlling many of the most fundamental functions of cells, the zinc finger transcription factor KLF4 is essential. 
Its notable functions include overseeing cell fate and differentiation and potentially stimulating or restraining the growth 
of diverse tumor cells, depending on the specific circumstances.52,53 KLF4 is a critical regulator in suppressing lung 
fibrogenesis by acting as a transcription factor. Its expression in fibroblasts slows the fibrosis process and aids in its 
natural resolution.13 The effect of KLF4 on TGF-induced fibroblast differentiation into myofibroblasts has been reported 
to be both inhibiting and enhancing.54,55 Given their central role in scar tissue formation, fibroblasts, and myofibroblasts’ 
pro- and antifibrotic factor balance significantly impact the progression of fibrotic disorders like idiopathic pulmonary 
fibrosis (IPF). It is increasingly recognized that fibrosis necessitates the deactivation of intrinsic antifibrotic mechanisms, 
similar to tumor-suppressing molecules in tumor development. Penke et al found that KLF4 has a specific function within 
pulmonary mesenchymal cells, acting as a multifunctional inhibitor of fibroblast and myofibroblast functions. In vitro 
studies on cell activation and in vivo studies on lung fibrosis benefit from manipulating this gene’s expression.13

KLF4’s ability to increase the transcriptional activation of TGF-β1 has been linked to its role in facilitating the 
differentiation of cardiac myofibroblasts in mice.54 KLF4 was upregulated in mesenchymal cell subtypes during lung 
fibrogenesis, as in the study by Chandran et al. They show that Bleomycin-induced myofibroblast accumulation and lung 
fibrosis depend on KLF4 in PDGFR-β+ cells. Our results suggest that KLF4 regulates TGFβ-SMAD signaling and ECM 
synthesis in PDGFR-β+ lung cells in both vitro and in vivo settings, suggesting a role for KLF4 in lung fibrosis. KLF4 
also regulates profibrotic factors in a lung-cell type-specific manner.56

In contrast to the study conducted by Penke et al, which revealed that the expression of KLF4 had a dual effect of 
inhibiting and reversing TGF-β1–induced myofibroblast differentiation in pulmonary fibrosis.13 This discovery contra-
dicts our own findings, as the induction of fibrosis in lung tissue through bleomycin increased KLF4 mRNA expression. 
This study demonstrated a significant reduction in KLF4 levels in the group that received ciplukan dose one and the 
group that received ciplukan dose two, along with mycophenolate mofetil. The most favorable outcome was observed in 
the group receiving dose 2 with mycophenolate mofetil. These findings align with Xi et al, who reported that Quercetin 
administration decreased expression levels of KLF4.29

Fas is a cell surface transmembrane receptor that binds to its ligand before the membrane is entirely spanned. By 
binding to its receptor, FasL initiates a signaling cascade that can result in cell migration, differentiation, or death.57 Fas 
can activate apoptosis by binding to its receptor.58 Homotypic death domain (DD)-mediated interactions occur between 
the receptor and the adaptor protein Fas-associated protein with death domain (FADD) in the presence of the ligand 
CD95L. The death effector domain (DED) of FADD then binds caspase-8 and cFLIPL (the long form of the regulator of 
apoptosis cellular FADD-like interleukin-1-β-converting enzyme-inhibitory protein). Proteins in the Death-Inducing 
Signaling Complex (DISK) work together to trigger cell death.59 Excessive apoptosis of lung cells has been linked to 
Bleomycin-induced fibrosis in mice and human lung fibrosis. This apoptosis is mediated by the activation of the Fas/FasL 
pathway.60 For fibrosis to be resolved, myofibroblasts must undergo apoptosis, after which macrophages and dendritic 
cells will eliminate any remaining cells.61,62 The upregulation of anti-apoptotic and prosurvival proteins is a common 
mechanism by which myofibroblasts in fibrotic tissues become resistant to apoptosis. As an essential transcription factor 
that promotes cell survival by turning on anti-apoptotic genes, Inflammatory cytokines and growth factors can potentially 
induce NF-B activation.63 TGF-β1 and endothelin-1 (ET-1) are potent activators of myofibroblast differentiation, and 
they both activate FAK and PI3K/AKT to promote resistance to apoptosis.64

On the contrary, Hohmann et al discovered that Quercetin directly diminishes pulmonary fibrosis by increasing 
ligand-induced apoptosis in fibroblasts from older people with idiopathic pulmonary fibrosis65 and a study by Ryu et al 
demonstrated that in canine osteosarcoma cells, Quercetin triggered apoptosis via DNA fragmentation, alternations of the 
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cell cycle, and ROS.66 Both studies used Quercetin, whereas our research utilized Quercetin from ciplukan, which has 
a different percentage composition. Other studies by Schafer et al showed that effectively combining dasatinib and 
Quercetin eliminates senescent fibroblasts.67 During this study, significant variations were not detected in the tissue FAS 
mRNA expression across all groups. The administration of Quercetin with or without mycophenolate mofetil does not 
affect the apoptosis process. It could be attributed to the lungs having a less efficient healing rate and the potential 
occurrence of apoptosis-resistant cells in those tissues. Thus, it might necessitate a longer time to determine whether 
there is an influence on the apoptosis process.

Research Limitations
The limitation of this study is that no other supporting examinations were not conducted to confirm the results of this 
research. Therefore, further research is needed to validate and expand upon the findings presented here. Addressing these 
limitations in future studies be achieved by conducting examinations using other methods such as qPCR, Western blot, 
and immunofluorescence.

Conclusion
The extract of Ciplukan exhibited promising effects on fibrosis-related gene expressions, particularly Nox4, Mmp8, and 
KlfF4. This study suggests that the extract has the potential to intervene in fibrosis progression, offering a potential possibility 
for therapeutic strategies. Further investigations are necessary to fully explain the mechanisms underlying the antifibrotic 
effects of Ciplukan and its potential as a therapeutic agent by examining the expression of other genes related to inhibiting the 
fibrosis process, oxidative processes such as Nrf2, and gene expressions related to the fibrosis resolution process, such as ECM 
degradation besides Mmp8, or gene expressions related to apoptosis processes like FasL, DR4, DR5, and Caspases.
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