International Scienceand ~ Volume 37 ) Ly 0 2 pd ) &
_Technology Journal Part 2 aaall - m
Al g sl ) ALl IsSTA

http://www.doi.org/10.62341/iyat1476

Received 2025/11/24 (b Aalal) 43, gl) AN a3
Accepted 2025/12/13 o dpalad) 485)) 58 o5
Published 2025/12/15 (b Apalal) 43 ) gl) i 3

Impact of Ethanol Extract of Tapak Liman
Leaf (Elephantopus scaber Linn.) on IL-6 and
TNF-a. Cytokine Production in Mice with
Bleomycin-Induced Pulmonary Fibrosis

Asadig EM. T. Alghoull*2, Al Basher Alafi® Yuyun Ika Christina?,
Sri Widyarti M. Si®, Muhaimin Rifa’i®, and Muhammad
Sasmito Djati 34°°
! Department of Zoology, Faculty of Science, University of Zawia,
Zawiya, Libya
2Biomedical research team- University of Zawia, Libya
3Biology Department, Mathematics and Natural Sciences Faculty,
Brawijaya University, Malang, East Java, Indonesia
“*Research Center of Complementary Medicine and Functional Food,
University of Brawijaya, Malang 65145, East Java, Indonesia
*Dewan Jamu Region East Java, Malang 65145, East Java, Indonesia
*These authors have contributed equally to this work.
* Corresponding author: Muhammad Sasmito Djati. Department
of Biology

E-Mail: msdjati@.ac.id

Abstract

Pulmonary fibrosis is a chronic disease marked by excessive
fibroblast proliferation and extracellular matrix accumulation.
Tapak Liman, a medicinal plant rich in flavonoids and phenolic
acids, has shown promise in reducing oxidative stress and
inflammation. Objective; To evaluate the efficacy of Elephantopus
scaber ethanol extract (ESEE) treatment in preventing the
development of fibrosis in a murine model of pulmonary fibrosis
induced by bleomycin. Method; A total of fifty-six healthy male
BALB/c mice were randomly assigned to seven experimental
groups, with eight mice per group. The groups; healthy controls
(NC), vehicle controls (VC), negative controls (C-), positive
controls (C+), and treatment groups receiving ESEE at different
doses: D1 (0.0504 mg/kg), D2 (0.1008 mg/kg), and D3 (0.2016
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mg/kg). Mice were administered dexamethasone or ESEE orally,
with bleomycin given intraperitoneally for 14 days. On days 7 and
14, spleens were harvested, Interleukin-6 (IL-6) and Tumor Necrosis
Factor Alpha (TNF-a) production were analysed via flow
cytometry. Results: Increase of Tumor Necrosis Factor Alpha was
found in the macrophage of pulmonary fibrosis mice model from
day 7 to 14. The production of Interleukin-6 was reduced in the
fibrosis group at day 7 and continued to increase at day 14.
Interestingly, ESEE treatment for 14 days could effectively reduce
Tumor Necrosis Factor Alpha production, and could maintain a
stable production of IL-6 at each time point. ESEE at 0.1008 mg/kg
BW (D2) was the most effective dose in reducing pro- fibrotic
cytokine. Conclusion; this study highlights the therapeutic potential
of Tapak Liman in the treatment of pulmonary fibrosis, particularly
by reducing inflammation and oxidative stress. Its bioactive
compounds (flavonoids and terpenoids), provide promising for the
development of natural therapies for chronic lung diseases.

Keywords: Elephantopus scaber, Bleomycin, Pulmonary Fibrosis,
Tumor Necrosis Factor Alpha, Interleukin-6.
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Introduction

medicinal plants;

Globally, plant-based compounds are widely used as natural
therapeutics for numerous diseases [Newman, & Cragg. 2020, and
Atanasov et al. 2015]. Their application is growing in modern
healthcare as a preferred substitute for synthetic drugs [WHO.
2023]. Due to their health-promoting qualities, these botanicals are
also heavily marketed in diverse commercial products such as
pharmaceuticals, cosmetics, salves, and essential oils [Shukla et al.
2021]. Using medicinal plant extracts for disease control is not only
economical but also lowers the risk of side effects, offering a
valuable and efficient healthcare strategy. Scientific investigations
have further clarified the biological mechanisms of these plants and
their constituents on human health [Van and Wink. 2004]. Among
the many plants used in traditional medicine worldwide for ailments
like lung diseases is Tapak Liman (Elephantopus scaber Linn), a
herb indigenous to Southeast Asia known for its antioxidant and
anti-inflammatory capabilities [Rahman et al. 2020]. Traditionally,
its leaves and roots have been applied to treat fevers, respiratory
problems, wounds, and skin infections, uses that are corroborated
by its documented healing effects [Kota, et al. 2023, Lin et al. 2015
and Huang et al. 2013]. Numerous medicinal plants are the subject
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of extensive scientific investigation due to their broad application in
traditional medicine. A prominent example is the use of a single
plant as a multi-target therapeutic, demonstrating anti-
inflammatory,  antipyretic  (fever-reducing),  antimicrobial
(antibiotic), antitussive (cough-suppressing), and diuretic activity.
This polypharmacological profile is not coincidental but is
underpinned by a complex phytochemical composition. The
concurrent presence of diverse bioactive compounds (such as
flavonoids, phenolic acids, and saponins) enables a single plant
extract to mediate these multiple, often interlinked, therapeutic
effects through synergistic or complementary biological pathways
[Heinrich et al., 2022]. The whole Tapak liman plant has been
extensively researched and is commonly employed as an anti-
inflammatory, fever-reducing, antibiotic, cough-suppressing, and
diuretic agent [Goyal, P. 2021, Hiradeve& Rangari. 2014 and Mei
et al. 2012]. The antioxidant properties of Tapak Liman are driven
by its rich profile of bioactive compounds, including flavonoids,
terpenoids, and phenolic acids. These compounds help neutralize
free radicals and alleviate oxidative stress, which are linked to the
development of chronic illnesses, cancer, and age-related conditions
[Lin et al. 2015, Zakaria et al. 2012, and Abdelwahab. 2011]. Its
well-documented anti-inflammatory effects make it a useful
treatment for disorders such as arthritis, bronchitis, and skin
inflammation [Tan et al. 2019, and Lin et al. 2015]. Laboratory tests,
including DPPH and ABTS free radical scavenging assays, have
verified the significant antioxidant potential of Tapak Liman
extracts, a trait likely due to its phenolic and flavonoid content
[Kumar et al. 2018]. Further in vitro studies by Chandraker et al.
(2021) confirmed the potent free radical scavenging ability of its
ethanolic extract and showed that it suppresses the production of
inflammatory mediators like nitric oxide and prostaglandins in
macrophages. This anti-inflammatory efficacy was also
demonstrated in vivo, where extracts significantly reduced induced
edema in rats [Chandraker et al. 2021].

- Pulmonary diseases;
The respiratory system is directly linked to the external environment
through the process of breathing. Environmental factors, including
air pollutants (such as smoke, dust, and chemicals), microbes (such
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as bacteria, viruses, and fungi), and climate conditions (such as cold
or dry air), have the potential to negatively impact respiratory
health, leading to the development of diseases such as asthma,
bronchitis, and lung cancer [Schraufnagel, D. E. 2019].
Furthermore, smoking and exposure to second hand smoke
represent the most deleterious environmental factors for the
respiratory system, as they result in the damage of lung tissue and
the development of chronic diseases such as chronic obstructive. So,
Lung diseases are among the most prevalent medical conditions
globally, affecting tens of millions of people worldwide [World
Health Organization,WHO, 2022]. Idiopathic Pulmonary Fibrosis
(IPF), a progressive and often fatal interstitial lung disease, remains
underdiagnosed and poorly recognized within the Indonesian
healthcare landscape, and that's why this disease experiences
nearly 50 percent misdiagnosis because many of its symptoms are
similar to other chronic lung diseases, such as TB (tuberculosis),
pneumonia, and asthma [Frieda— detik-Health - Friday, 02 Mar
2018. WIB]. Pulmonary fibrosis is a chronic respiratory disease. It
is characterised by excessive fibroblast proliferation and
extracellular matrix accumulation, resulting in the destruction of
normal tissue architecture and function [Martinez, et al. 2017]. A
significant pathological feature of pulmonary fibrosis is the aberrant
repair of lung tissue. Chronic inflammation and the progressive
fibrotic remodelling of the pulmonary interstitial are central to the
disease's pathology [Martinez, F. J., et al. 2017].

- Bleomycin;

Bleomycin, a glycopeptide antibiotic derived from Streptomyces
verticillus, is a common chemotherapeutic agent. Its efficacy stems
from causing DNA strand breaks, which trigger programmed cell
death (apoptosis) in fast- proliferating cancer cells [Ayoubifar &
Arasteh,O, 2023 and Chen & Stubbe. 2005]. Bleomycin’s unique
mechanism of action, which involves the induction of DNA strand
breaks through oxidative damage, along with its clinical efficacy in
treating malignancies such as testicular cancer, Hodgkin’s
lymphoma, and squamous cell carcinomas, has established it as an
essential component of many combination chemotherapy regimens
[Chabner, B. A., & Longo, D. L. (Eds.). 2022]. However, its use is
often limited by potential toxic side effects, particularly pulmonary
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toxicity. Furthermore, bleomycin is a chemotherapeutic agent that
is widely used to induce pulmonary fibrosis in experimental animal
models, a response that is particularly robust in mice and rats
following intratracheal, intraperitoneal, or intravenous
administration [Tashiro, J., et al. 2017]. Bleomycin causes oxidative
stress and DNA damage in lung tissues, leading to inflammation,
epithelial injury, and eventual fibrosis. It closely mimics the
mechanisms of IPF and is one of the most established models for
studying the disease [Tashiro, et al. 2017]. Bleomycin-induced lung
injury in experimental models features interstitial edema,
inflammatory cell infiltration, and immune cell activation, which
can lead to pulmonary fibrosis [Mouratis and Aidinis 2011].

Objectives:

To evaluate the efficacy of Elephantopus scaber ethanol
extract (ESEE) treatment in preventing the development of fibrosis
in a murine model of pulmonary fibrosis induced by bleomycin
Duration and place of the study: This study experiment was
conducted between August 2023 and November 2023. In the
Physiology Laboratory and Animal Cell Culture Laboratory,
Department of Biology, Faculty of  Mathematics and Natural
Sciences, Brawijaya University, Malang, Indonesia.

Methodology

Plant Material and Extraction:

The leaves of Elephantopus scaber Linn were purchased and
identified by Unit Pelaksana Teknis, (UPT). Laboratorium Herbal
Materia Medica Batu (specimen number 067/656/102.20/2023).
Subsequently, the sample was air-dried at room temperature and
ground into a fine powder. One hundred grams of the powdered
plant material was macerated in 1,000 milliliters of 96% ethanol at
a ratio of 1:10 (w/v) for 24 hours at room temperature with
intermittent stirring. Following maceration, the mixture was filtered
through Whatman No. 1 filter paper, and the filtrate was
concentrated using a vacuum evaporator at 40- 60°C until a paste-
like consistency was achieved. The final extract was stored at 3°C
in a refrigerator for further analysis.

Animal model of pulmonary fibrosis:
Utilized fifty-six healthy, 6-7-week-old male Balb/C mice
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weighing roughly 30 grams. Sourced from Pusvitma in Surabaya,
the mice were housed under standard environmental conditions with
free access to food and water. Following a two-week acclimatization
period in individual plastic cages, any animals displaying illness
were excluded from the research. This study is reported in
accordance with the ARRIVE guidelines 2.0 (Percie et al., 2020).

Ethical approval:
This study received ethical clearance from the Research Ethics
Commission of Brawijaya University (No. 182-KEP-UB-2023).

Duration and place of the study:

This study was conducted from August 2023 to November 2023
at the Physiology Laboratory and Animal Cell Culture Laboratory,
Department of Biology, Faculty of Mathematics and Natural
Sciences, Brawijaya University, Malang, Indonesia.

Induction of Pulmonary Fibrosis

The IPF was induced with bleomycin (MedChemExpress LLC,
USA) in groups C-, C+, D1, D2, and D3 (Table 1). A total of 10
grams of bleomycin was dissolved in 1 ml of phosphate-buffered
saline (PBS) and separated into five 200-ul propylene tubes. 7.8 ml
of PBS was then added to each propylene tube. Each mouse was
injected with bleomycin dissolved at a concentration of 2
mg/kg/body weight daily for 2 weeks [Van et al. 2022]. Bleomycin
was injected intraperitoneally [Gul. 2023]. The justification for the
three doses investigated (D1: 0.0504, D2: 0.1008, D3: 0.2016
mg.kg-1 BW) stemmed from a preliminary pilot study carried out in
our lab. In this initial experiment, a single dose of 0.1008 mg.kg-1
BW was given, revealing a notable biological effect without any
signs of toxicity. As a result, D2 was designated as the primary
effective dose, while D1 (half of D2) and D3 (double D2) were
chosen to assess a dose-dependent response and validate the
therapeutic window.

Experimental Study Design

The experimental design followed a completely randomized
design (CRD), utilizing a total of 56 mice across two time series.
The mice underwent a 14 days acclimatization period prior to being
randomly assigned to seven groups, with each group consisting of
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eight mice (n = 8). Details of the group allocation are presented in
Table 1.

TFable 1. The experimental design
E. scaber: Elephantopus scaber

Administration of Dexamethasone and Ethanol Extract of Tapak
Liman Leaves;

Treatment type

Different Therapy given for 7-and | Intraperitoneal dosing of
groups 14- days Bleomycin

No treatment was
administered.

Healthy control | The subjects were provided

(NC) with ad libitum access to

water and a standard

commercial diet.

Fibrosis was not induced

Vehicle control . . Did not experience fibrosis
Received Corn oil 0.3 ml :
(VC) Induction
Negative control Bleomycin injection

Did not receive any treatment

(C)) (2mg/kg BW) daily

Received dexamethasone

(Drug control) 0.3 mL from
Positive control a solution concentration of | Bleomycin injection
(C+) 333.3 mg/mL (2mg/kg BW) daily
corn oil

(dose 3 mg/kg BW).

Dose 1 (D1) Ethanol extract of E.scaber | Bleomycin injection

leaves (0.0504 mg.kg-1BW) | (2mg/kg BW) daily
Ethanol extract of E. scaber
Dose 2 (D2) leaves
(0.1008 mg.kg-1 BW)
Ethanol extract of E.
Dose 3 (D3) scaber leaves
(0.2016 mg.kg-1 BW)
In this study, dexamethasone was used as a positive control at a
dose of 3 mg/kg body weight, based on previous research [Hu et al.
2015]. Both dexamethasone and the ethanol extract of Tapak Liman
were dissolved in corn oil at doses determined by their IC50 values.
Mice were administered oral doses of Tapak Liman and
dexamethasone for 7 and 14 days in a pulmonary fibrosis model
induced by bleomycin [Shi et al. 2014].
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Lymphocyte Isolation;

Mice were euthanized to facilitate spleen isolation. The spleens
were rinsed three times with phosphate-buffered saline (PBS) and
then crushed in a clockwise motion using the bottom of a syringe in
a petri dish containing 1 mL of PBS. An additional 4 mL of PBS
was added to the dish, and the contents were transferred to a 15-mL
polypropylene tube. The mixture was then centrifuged at 2,500 rpm
for 5 minutes at 10°C. After centrifugation, the supernatant was
discarded, and the pellet was resuspended in 1 mL of PBS. A 50 uL
aliquot of the cell suspension was then transferred to a 1.5 mL
microtube for antibody staining [Roffico and Djati. 2014].

Antibody Staining Procedure

Antibody staining was conducted using both extracellular and
intracellular methods. A 50 pL cell suspension was mixed with 50
uL of FITC-conjugated anti-mouse CD4 antibody for extracellular
staining (Biolegend, USA) and incubated at 4°C for 20 minutes in
the dark. Intracellular staining involved adding 50 pL of
intracellular fixation buffer (eBioscienceTM, Thermo Fisher
Scientific, USA) to the cell suspension, followed by a 20-minute
incubation at 4°C in the dark. The cells were then mixed with 400 pL
of permeabilization buffer, centrifuged at 2,500 rpm and 10°C for 5
minutes. The pellet was resuspended in 50 pyL of intracellular
antibody solutions (PE/Cy5 conjugated anti-mouse TNF-o, and IL-
6; Biolegend, USA), the mixture was incubated at 4°C for 20
minutes in the dark, followed by the addition of 400 puL of PBS. The
samples were prepared for flow cytometric analysis using BD
CellQuest Pro™ software and BD FACS Calibur™, Data analysis
followed the staining procedures [Roffico and Djati, 2014].

Histological Analysis

For histological examination, lungs were perfused via the main
bronchus with 10% neutral-buffered formalin for 24 hours. After
fixation, tissue blocks were excised, dehydrated in graded ethanol,
embedded in paraffin and sectioned at a thickness of 4 pm.
Subsequently, the sections were subjected to staining with eosin and
haematoxylin (E&H) in order to identify inflammatory cells, and
with Masson's trichrome in order to assess collagen deposition.
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Statistical analysis;

A statistical analysis was conducted on the data set, with the
percentage of each parameter analysed using the IBM SPSS
Statistics version 21 for Windows. Data were first assessed for
normality and homogeneity. Subsequently, parametric analysis was
performed through two-way ANOVA (analysis of variance) with a
significance level set at P <0.05

Results
Changes in production of IL-6 by CD4* (CD11*1L-6")

The capacity of bleomycin to elicit a fibrotic response in mice has
been previously demonstrated in scientific studies in several studies.
The administration of bleomycin to mice has been demonstrated to
elicit an inflammatory response, which represents a form of the
body's intrinsic defense mechanism against injury [Necas et al.
2013]. During the inflammatory process, there is an accumulation
of leukocytes and an increase in the synthesis and secretion of pro-
inflammatory cytokines, one of which is IL-6 [Ayoub. 2017]. In the
present study, and based on Figure 1, in the measurements on day 7,
we can see a clear increase in the production of CD4+IL-6+
(interleukin-6) in the groups exposed to bleomycin compared to the
normal control group (NC) and vehicle control group (VC), which
explains the body's response (immune system) to this infection. As
for the measurements on the 14th day, we note a decrease in the
production of CD4+IL-6+ in the group treated with dexamethasone
(positive group; C+) and also in the groups treated with the ethanolic
extract of the leaves of Tapak liman, which confirms that this
medicinal plant contains anti- inflammatory and also antioxidant
compounds. The ethanolic extract of Tapak liman (Elephantopus
scaber L) leaves exhibits anti-inflammatory properties by inhibiting
the production of interleukin-6 (IL-6), a cytokine involved in the
immune response during inflammation. Inhibiting IL-6 can mitigate
excessive inflammation and help prevent related conditions, such as
pulmonary fibrosis. The ethanol extract of Elephantopus scaber L.
(tapak liman) significantly altered the population of naive helper T
cells (CD4+IL-6+) in mice with bleomycin-induced pulmonary
fibrosis (F = 8.977; P = 0.001). As shown in Figure 1, a significant
temporal shift occurred between day 7 and day 14. On day 7, all
bleomycin-injected groups (C-: 26.77%, C+: 40.97%, D1: 35.47%,
D2: 16.62%, D3: 27.28%) showed elevated levels compared to the
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normal control (NC: 19.66%), indicating a pronounced
inflammatory effect. By day 14, while most groups returned to
levels similar to the control. Notably, the D2 treatment group
(0.1008 mg.kg™! BW), which started at 16.62%, showed a marked
increase, contrasting with the general trend of decline in other
groups. This suggests that the medium dose of the extract has a
specific immunomodulatory effect that alters the typical resolution
of the acute inflammatory response.
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As seen in figure 1: (a) is a dot plot representing the percentage of
CD4+1L-6+ cells for the 7-day treatment groups; (b) is a dot plot
displaying the percentage of CD4+IL-6+ cells for the 14-day
treatment groups, and (c) is a bar graph illustrating the relative
number of CD4+IL-6+ cells for each treatment group.

For groups: Healthy control (NC); Vehicle control (VC); Pulmonary
fibrosis negative control (C-); Drug control (positive control, C+);
D1: ESEE administered at 0.0504 mg/kg; D2: ESEE administered
at 0.1008 mg/kg; D3: ESEE administered at 0.2016 mg/kg

Changes in production of CD11b*TNF-a";
Tumor necrosis factor alpha (TNF-o) is a pivotal pro-
inflammatory cytokine involved in the regulation of immune
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responses, inflammation, and cellular homeostasis. It is primarily
produced by activated macrophages, but can also be secreted by
other immune cells such as T- cells, B-cells, and natural killer (NK)
cells. TNF-a is involved in several physiological and pathological
processes, making it a key target in inflammatory diseases. On day
7, mice with bleomycin-induced fibrosis showed a marked increase
in CD11b+TNF-o+ cells, a finding statistically validated by
ANOVA (F =13,275; P =0.001). The fibrosis model group (C-) had
the most pronounced effect, with these cells constituting 11.74% of
the population, contrast to the healthy control group (Figures 2a,
2b). After 7 days, both dexamethasone (C+) and all ESEE doses
significantly increased CD11b+TNF-a+ cells compared to the
fibrosis model (C-), with the D2 group showing the lowest level
overall (D2= 8.09%). By day 14, the untreated model (C-) and the
D1/D3 groups showed worsening inflammation. In contrast,
dexamethasone and the mid-dose ESEE (D2, 0.1008 mg/kg)
effectively reduced the cell population, demonstrating that the D2
dose was the most effective at controlling inflammation and
inhibiting fibrosis. Figure (2).
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Figure 2. Flow cytometry result of CD4+TNF-o+ cell population at days
7 and 14 for each treatment group
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As seen in figure 2: (a) is a dot plot demonstrating the CD4+TNF-
o+ cell population. (b) The representative bar showed the mean
relative percentage of the CD4+TNF-a+ cell population. Data were
shown as mean £ standard deviation (SD). Lowercase marks
showed significant differences based on Duncan's HSD post hoc test
(p 0.05).

Groups: NC: healthy mice group; VC: vehicle control group; C-:
fibrosis model group with bleomycin; C+: positive control group
with dexamethasone; D1: ESEE treatment at a dose of 0.0504
mg/kg; D2: ESEE treatment at a dose of 0.1008 mg/kg; D3: ESEE
treatment at a dose of 0.2016 mg/kg

Histological changes in the lung tissues;

Pulmonary fibrosis is a progressive lung disease characterized by
the accumulation of scar tissue in the lungs. This fibrotic process
leads to thickening and stiffening of the affected tissue, impairing
the proper functioning of the lungs.

Consequently, the lungs’ ability to absorb oxygen and expel
carbon dioxide is reduced, leading to a range of symptoms,
including shortness of breath, persistent dry cough, fatigue, and
weight loss [Zaghloul et al. 2017 and King et al. 2017]. The main
histological feature of idiopathic pulmonary fibrosis is a progressive
fibrotic process involving the lung tissue. This process begins with
alveolitis, which is followed by a range of degrees of inflammation
and subsequent fibrosis. The key histopathological characteristics of
pulmonary fibrosis are marked by the excessive deposition of
extracellular matrix, proliferation of fibroblasts, collapse of alveoli,
and loss of normal lung architecture. Figure (3).

g ) = \l::t;l:;r;tic lung
Figure 3; Differences between normal lung and fibrotic lung. (Lamia
Yacoubi, et al. 2011)
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Figure 4 displays representative lung tissue images from the
histological (H&E) analysis. Lungs from healthy control mice (NC)
appeared normal with minimal collagen deposition after 14 days. In
stark contrast, the bleomycin-only negative control group (C-)
showed severe pathological changes, characterized by inflammatory
cell infiltration, alveolar collagen accumulation, extensive edema,
and structural disruption. These indicators of fibrosis and
inflammation were significantly less severe in all protective effects.
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Figure 4. displays representatlve Iung tlssue images from the
histological (H&E) analysis.

A histological analysis (H&E) was conducted on lung tissues from
healthy mice (NC) and the negative control group (C-) that received
BLM and no treatment, the positive control group (C+) that received
BLM and dexamethasone, and the groups that received BLM and also
Tapak Liman leaves ethanolic extract at different doses. The sections
demonstrate the infiltration of inflammatory cells (red arrow),
disruption of the alveolar architecture with lymphoid follicles and a
notable increase in interstitial thickness in the untreated group (C-)
(blue arrow). A notable reduction in inflammatory activity was
observed in the treated groups (D1, D2, and D3). Lung sections were
obtained two weeks following the conclusion of the treatment regimen
in all mice. One illustrative example is provided for each group. The
image was captured at a magnification of x100. (Red arrow:
Inflammatory cell and blue arrow: Thickened alveolar wall).
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Discussion

Medicinal plants represent a valuable reservoir of bioactive
compounds for treating complex diseases. Pulmonary fibrosis,
characterized by progressive inflammation, oxidative damage, and
scar tissue deposition in the lungs, is one condition where plant-
based therapeutics hold significant promise. Elephantopus scaber
Linn. (Tapak Liman), traditionally used for inflammatory ailments,
is rich in flavonoids and terpenoids compounds known for their anti-
inflammatory and antioxidant activities [Atanasov, A. G., et al.
2021]. This study investigated the therapeutic potential of an ethanol
extract of E. scaber leaves in a murine model of bleomycin-induced
pulmonary fibrosis, focusing on its modulation of key inflammatory
pathways. The bleomycin model was selected for its well-
established ability to recapitulate the key pathological features of
human idiopathic pulmonary fibrosis (IPF), including alveolar
epithelial injury, sustained inflammation, and aberrant collagen
deposition [Moeller et al., 2008]. Consistent with this model's
pathophysiology, our study observed significant lung inflammation
and tissue remodeling in untreated bleomycin-challenged mice.
Histological analysis revealed pronounced alveolar thickening,
inflammatory cell infiltration, and excessive collagen accumulation,
aligning with classic fibrotic progression described in prior studies
[Green, 2002; Mouratis and Aidinis, 2011]. Treatment with E.
scaber extract markedly attenuated these pathological changes. The
extract demonstrated a dose-dependent suppression of pulmonary
inflammation, as quantified by significant reductions in the pro-
inflammatory cytokines IL-6 and TNF-a. Notably, the higher tested
dose (0.1008 mg-kg! BW) achieved a reduction in IL-6 levels by
day 14 that was comparable to the effect of the positive control,
dexamethasone. This reduction is critically important, as IL-6 is a
pivotal mediator that drives fibroblast activation and persistence of
the inflammatory milieu in fibrotic lungs. Furthermore, flow
cytometric analysis revealed that the extract significantly modulated
immune cell populations, reducing the frequencies of CD4'IL-6*
and CD11b"TNF-o" cells. The decrease in CD11b*"TNF-a* cells,
which represent activated myeloid-lineage cells such as
macrophages and neutrophils, indicates that E. scaber directly
tempers the innate immune response central to fibrosis initiation.
These findings align with and extend previous reports on the anti-
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inflammatory efficacy of E. scaber in other models [Yap et al.,
2010]. The coordinated downregulation of these cytokines and their
cellular sources strongly suggests that the extract interferes with
upstream pro-inflammatory signaling cascades, such as the NF-xB
and MAPK pathways, which are known regulators of 1L-6 and TNF-
a transcription [Necas et al., 2013; Ayoub, 2017]. In addition to its
anti-inflammatory effects, the antioxidant capacity of E. scaber’s
phytoconstituents likely contributes to its anti-fibrotic activity.
Bleomycin-induced injury is mediated in part by oxidative stress
and DNA damage. By scavenging free radicals and bolstering
cellular antioxidant defenses a property documented for E. scaber
flavonoids [Gunasekaran et al., 2014], the extract may protect lung
tissue from secondary oxidative damage, thereby breaking the cycle
of injury and repair that leads to fibrosis. When compared to
dexamethasone, a standard corticosteroid, E. scaber extract showed
similar efficacy in reducing key inflammatory and histopathological
markers at the studied time points. This is a promising finding, as
long-term dexamethasone use is associated with considerable
adverse effects. E. scaber, therefore, presents itself as a potentially
safer, natural alternative for managing chronic fibrotic disease
[Raghu and Rochwerg, 2020]. However, it is crucial to note that
while dexamethasone is a single, potent synthetic molecule, E.
scaber extract is a complex mixture whose activity may arise from
multi-target synergism.

Conclusion;

This study confirms that the ethanol extract of Elephantopus
scaber leaves possesses significant anti-inflammatory and anti-
fibrotic properties in a bleomycin-induced pulmonary fibrosis
model. The extract effectively reduced the levels of pivotal
cytokines (IL-6 and TNF-a), modulated pathogenic immune cell
populations, and ameliorated histological lung damage. These
results validate the traditional use of E. scaber and underscore its
potential as a promising candidate for developing phytotherapeutic
interventions for IPF. Nevertheless, several critical steps remain for
translational development. Future research must focus
on identifying the specific bioactive compound(s) responsible for
the observed effects, elucidating the precise molecular
mechanisms (e.g., direct inhibition of NF-xB translocation or
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MAPK phosphorylation), and conducting long-term toxicity and
efficacy studies in comparison to current anti-fibrotic drugs. Such
work will be essential to optimize dosing, ensure safety, and fully
realize the clinical potential of Tapak Liman in treating pulmonary
fibrosis.

Acknowledgements;

The authors would like to thank the Animal Physiology,
Structure, and Development Laboratory for their invaluable
technical support and constructive discussions, which were of great
benefit to this research project.

Abbreviations:

IL-6; Interleukin-6, IPF; Idiopathic Pulmonary Fibrosis, BLM;
Bleomycin, PBS; Phosphate- Buffered Saline, ESEE; Elephantopus
Scaber L. Ethanol Extract, E. scaber L; Elephantopus Scaber Linn,
TNF-0; Tumor Necrosis Factor Alpha, MAPK; Mitogen-Activated
Protein Kinase, NK; Natural Killer cells, NF-xB; Nuclear Factor
Kappa.

Conflicts of interest:
The authors confirm that there are no conflicts of interest
associated with this publication.

Contributions of authorship;

The following entities played a pivotal role in the study's design

and conceptualization: AEA, SRF, YIC, and MSD. SRF and YIC
contributed to laboratory work and data collection.
AEA was responsible for analyzing the data and drafting the initial
manuscript. YIC assumed responsibility for the administration of
the project and the validation of the data. The subsequent analysis
and visualization of the results were conducted by SW. MR's
contribution included a thorough revision of the article, which was
deemed essential for its advancement in the field. The responsibility
for acquiring funding fell under the purview of MSD. All authors
have meticulously reviewed the published version of the manuscript
and have consented to it.

18 Copyright © ISTJ Ak sine qolall (3 s
Ayl g o shell 40 sal) dlaall


http://www.doi.org/10.62341/iyat1476

International Scienceand ~ Volume 37 ) Ly 0 2 pd ) &
_Technology Journal Part 2 aaall - m
Al g sl ) ALl IsSTA

http://www.doi.org/10.62341/iyat1476

Funding;

This research was supported by the Faculty of Mathematics and
Natural Sciences, Brawijaya University, Malang, Indonesia,
through a professor research grant (Grant no: 4158.4/UN10.
FO09/PN/2023).

References;

Abdelwahab, S. I., Mohan, S., Mohamed Elhassan, M., Al-Mekhlafi,
N., Mariod, A. A., Abdul, A. B., & Yen, K. H. (2011). Bioactive
phenolic compounds from Elephantopus scaber L. Molecules,
*16*(8), 6935-6945.

Atanasov, A. G., Waltenberger, B., Pferschy-Wenzig, E. M., Linder,
T., Wawrosch, C., Uhrin, P., ... & Stuppner, H. (2015). Discovery
and resupply of pharmacologically active plant-derived natural
products: A review. Biotechnology advances, 33(8), 1582-1614 .

Ayaub, E. A., Dubey, A., Imani, J., Botelho, F., Kolb, M. R.,
Richards, C. D., & Ask, K. (2017). Overexpression of OSM and
IL-6 impacts the polarization of pro-fibrotic macrophages and the
development of bleomycin-induced lung fibrosis. Scientific
Reports, 7(1), 1-16.

Ayoubifar, M., Abedi, F., Nodeh, M. M., & Arasteh, O. (2023).
Pharmacological approach for prevention of bleomycin-induced
lung injury. Journal of Pharmaceutical Care,11(1):32-39.

Chandraker, S. K., Ghosh, M. K., Lal, M., & Shukla, R. (2021). A
review on plant-mediated synthesis of silver nanoparticles, their
characterization and applications. Nano Express, 2(2), 21-1

Chen, J., & Stubbe, J. (2005). Bleomycins: Towards better
therapeutics. Nature Reviews Cancer, 5(2), 102-112.

Effer, B., Perez, 1., Ulloa, D., Mayer, C., Mufioz, F., Bustos, D., ... &
Leal, P. (2023). Therapeutic targets of monoclonal antibodies used
in the treatment of cancer: Current and emerging.
Biomedicines,11(7),1-30.

19 Copyright © ISTJ Ak sine qolall (3 s
Ayl g o shell 40 sal) dlaall


http://www.doi.org/10.62341/iyat1476

International Scienceand ~ Volume 37 ) Ly 0 2 pd ) &
_Technology Journal Part 2 aaall - m
Al g sl ) ALl IsSTA

http://www.doi.org/10.62341/iyat1476

Goyal, P. (2021). Elephantopus scaber L.: A comprehensive review
on its traditional uses, phytochemistry and pharmacology. Acta
Ecologica Sinica,41(5),345-355.

Green, F. H. (2002). Overview of pulmonary fibrosis. Chest, 122(6),
334S-339S.

Gul, A., Yang, F., Xie, C., Du, W., Mohammadtursun, N., Wang, B.,
... & Dong, J. (2023). Pulmonary fibrosis model of mice induced
by different administration methods of bleomycin. BMC
pulmonary medicine,23(1),1-16.

Hiradeve, S. M., & Rangari, V. D. (2014). Elephantopus scaber Linn.:
A review on its ethnomedical, phytochemical and
pharmacological profile. Journal of applied biomedicine,12(2),49-
61.

Hu, C., Wang, Y., Fan, Y., Li, H., Wang, C., Zhang, J., ... & Wen, C.
(2015). Lipidomics revealed idiopathic pulmonary fibrosis-
induced hepatic lipid disorders corrected with treatment of baicalin
in a murine model. The AAPS Journal,17(3),711-722.

Huang, H.-C., Lien, H.-M., Ke, H.-J., Chang, L.-L., Chen, C.-C., &
Lai, T.-Y. (2013). Elephantopus scaber alleviates airway
inflammation in asthma models. Journal of
Ethnopharmacology,18(1),25-145.

Jenkins, R. G., Moore, B. B., Chambers, R. C., Eickelberg, O.,
Kdnigshoff, M., Kolb, M., ... & White, E. S. (2017). An official
American Thoracic Society workshop report: use of animal
models for the preclinical assessment of potential therapies for
pulmonary fibrosis. American journal of respiratory cell and
molecular biology, 56(5), 667-679.

King, C. S., & Nathan, S. D. (2017). Idiopathic pulmonary fibrosis:
effects and optimal management of comorbidities. The Lancet
Respiratory Medicine,5(1)72-84 .

Kota, S., Dumpala, P., Sajja, R., & Anantha, R. (2023).
Phytoconstituents of Chromolaena odorata (L.) leaf extract for the

20 Copyright © ISTJ Ak sine qolall (3 s
Ayl g o shell 40 sal) dlaall


http://www.doi.org/10.62341/iyat1476

International Scienceand ~ Volume 37 ) Ly 0 2 pd ) &
_Technology Journal Part 2 aaall - m
Al g sl ) ALl IsSTA

http://www.doi.org/10.62341/iyat1476

synthesis of copper oxide/copper nanoparticles and evaluation of
their biological potential in wound healing. Trends in
Phytochemical Research, 7(3), 186-206.

Kumar, S., Kumar, V., & Prakash, O. (2018). Antioxidant and free
radical scavenging activities of Elephantopus scaber Linn. Journal
of Applied Pharmaceutical Science,8(3),110-115 .

Lin, L.-T., Chen, T.-Y,, Lin, S.-C., Chung, C.-Y., Lin, T.-C., Wang,
G.-H., Anderson, R., Lin, C.-C., & Richardson, C. D. (2015).
Broad-spectrum antiviral activity of chebulagic acid and
punicalagin against viruses that use glycosaminoglycans for entry.
Molecules,20(8),14520-14533.

Martinez, F. J., Collard, H. R., Pardo, A., Raghu, G., Richeldi, L.,
Selman, M., ... & Wells, A. U. (2017). Idiopathic pulmonary
fibrosis. Nature reviews Disease primers, 3(1), 1-19.

Mei, W. L., Wang, B., Zuo, W. J., Zhao, Y. X., Dong, W. H., Liu, G.
D., & Dai, H. F. (2012). Two new germacranolides from
Elephantopus tomentosus. Phytochemistry Letters, 5(4), 800-803.

Mouratis, M. A., & Aidinis, V. (2011). Modeling pulmonary fibrosis
with bleomycin. Current opinion in pulmonary medicine, 17(5),
355-361.

Necas, J.,, & Bartosikova, L. (2013). Carrageenan: a review.
Veterinarni medicina, 58(4), 187-205.

Newman, D. J., & Cragg, G. M. (2016). Natural products as sources
of new drugs from 1981 to 2014. Journal of natural products,
79(3), 629-661.

Newman, D. J., & Cragg, G. M. (2020). Natural products as sources
of new drugs over the nearly four decades from 01/1981 to
09/2019. Journal of natural products, 83(3), 770-803.

Percie du Sert, N., Hurst, V., Ahluwalia, A., Alam, S., Avey, M. T.,
Baker, M., ... & Wiirbel, H. (2020). The ARRIVE guidelines 2.0:

21 Copyright © ISTJ Ak gina aoball (3 i
Ayl g o shell 40 sal) dlaall


http://www.doi.org/10.62341/iyat1476

International Scienceand ~ VOlume 37 aaxd) Tl p bl Al g

Imtrwaational beimrs mad Taviasiags demraal

ﬁ::ﬁﬁ{d‘ﬂ?m‘ Part 2 aaal I S T J %

http://www.doi.org/10.62341/iyat1476

Updated guidelines for reporting animal research. Journal of
Cerebral Blood Flow & Metabolism, 40(9), 1769-1777.

Raghu, G., & Rochwerg, B. (2020). Diagnosis and Treatment of
Idiopathic Pulmonary Fibrosis: CHEST Guideline and Expert
Panel Report. Chest, 158(2), 774-802.

Rahman, S., Ismail, A., Hossain, M. M., Othman, N. H., & Abdullah,
N. A. (2020). Sustainable harvesting practices for Elephantopus
scaber in Southeast Asia. Journal of Applied Botany and Food
Quality, 93, 112-120.

Roffico, R., & Djati, M. S. (2014). Efektivitas pemberian ekstrak
ethanol daun Polyscias obtusa dan Elephantopus scaber terhadap
modulasi Sel T CD4+ dan CD8+ pada mencit bunting BALB/c.
Biotropika: Journal of Tropical Biology, 2(3), 174-180.

Schraufnagel, D. E., Balmes, J. R., Cowl, C. T., De Matteis, S., Jung,
S. H., Mortimer, K., ... & Wuebbles, D. J. (2019). Air pollution
and noncommunicable diseases: a review by the forum of
international respiratory societies’ environmental committee, part
2: air pollution and organ systems. Chest, 155(2), 417-426.

Shi, K., Jiang, J., Ma, T., Xie, J., Duan, L., Chen, R., ... & Zheng, J.
(2014). Dexamethasone attenuates bleomycin-induced lung
fibrosis in mice through TGF-B, Smad3 and JAK-STAT pathway.
International journal of clinical and experimental medicine, 7(9),
2645-2650.

Shukla, S., Thomas, S., & Bhutani, R. (2021). Plant Tissue Culture,
Plant Based Products and Prospects of Commercialization: A
Drive from Nature towards Nature. Int J Biotechnol Recent Adv,
3(1), 68-73.

Tashiro, J., Rubio, G. A., Limper, A. H., Williams, K., Elliot, S.
J., Ninou, 1., Aidinis, V., & Tzouvelekis, A. (2017). Exploring
animal models that resemble idiopathic pulmonary fibrosis.
Frontiers in Medicine, 4, 1-22.

22 Copyright © ISTJ Ak gina aoball (3 i
Ayl g o shell 40 sal) dlaall


http://www.doi.org/10.62341/iyat1476

International Scienceand ~ Volume 37 ) Ly 0 2 pd ) &
_Technology Journal Part 2 aaall - m
Al g sl ) ALl IsSTA

http://www.doi.org/10.62341/iyat1476

Tashiro, J., Rubio, G. A., Limper, A. H., Williams, K., Elliot, S. J.,
Ninou, 1., ... & Glassberg, M. K. (2017). Exploring animal models
that resemble idiopathic pulmonary fibrosis. Frontiers in
medicine,118(4),1-11

Van Gijsel-Bonnello, M., Darling, N. J., Tanaka, T., Di Carmine, S.,
Marchesi, F., Thomson, S., ... & Arthur, J. S. C. (2022). Salt-
inducible kinase 2 regulates fibrosis during bleomycin-induced
lung injury. Journal of Biological Chemistry, 298(12),1-14 .

World Health Organization (WHO). (2023). WHO traditional
medicine strategy: 2014-2023.

Yacoubi, L., Rabaoui, L., Hamdaoui, M. H., Fattouch, S., Serairi, R.,
Kourda, N., & Khamsa, S. B. (2011). Anti-oxidative and anti-
inflammatory effects of Trigonella foenum-graecum Linnaeus,
1753 (Fenugreek) seed extract in experimental pulmonary fibrosis.
Journal of Medicinal Plants Research,5(17),4315-4325.

Zaghloul, M. S., Abdel-Salam, R. A., Said, E., Suddek, G. M., &
Salem, H. A. R. (2017). Attenuation of Bleomycin-induced
pulmonary fibrosis in rats by flavocoxid treatment. Egyptian
journal of basic and applied sciences, 4(4), 256-263.

Zakaria, Z. A., Fatimah, C. A., Mat Jais, A. M., Zaiton, H., Henie, E.
F. P., & Sulaiman, M. R. (2012). Isolation of terpenoids from
Elephantopus scaber and their role in oxidative stress reduction.
Phytochemistry Letters, 5(3), 654-660.

23 Copyright © ISTJ Ak sine qolall (3 s
Ayl g o shell 40 sal) dlaall


http://www.doi.org/10.62341/iyat1476

