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Abstract 

Chronic Obstructive Pulmonary Disease (COPD) is a chronic respiratory condition char-
acterized by progressive deterioration in lung function and persistent symptoms, partic-
ularly dyspnea, which can lead to death. Inflammation is important in COPD pathogene-
sis because it causes persistent inflammatory responses in the respiratory tract. Therefore, 
this study aimed to investigate H2O extracts derived from Wedelia (Sphagneticola trilobata) 
and Sembung Rambat (Mikania micrantha), respectively, as anti-inflammatory agents and 
to analyze the metabolite profiles contained in the extracts. The results showed that Sem-
bung Rambat H2O extract demonstrated significant inhibition of IL-2 (100 ± 0.00%), while 
Wedelia extract inhibited 74.68 ± 7.13% release of pro-inflammatory cytokine IL-6. Liquid 
Chromatography–Tandem Mass Spectrometry (LC-MS/MS) analysis mainly identified 
the presence of amino acids, phenolic acids, organic acids, and terpenoids in both extracts. 
These results suggest the promising potential of Wedelia and Sembung Rambat extracts 
as herbal therapy for COPD. 
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1. Introduction 
The coronavirus SARS-CoV-2 is the root cause of COVID-19. The 2019–2020 corona-

virus pandemic was caused by this illness. The pathogenesis is possibly related to the 
bodyʹs hyperinflammatory response, which is identified by the presence of cytokine 
storm. COVID-19 patients may develop fever, dry cough, and more severe symptoms, 
including trouble breathing and chest tightness. The virus predominantly affects the 
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respiratory system, which is already weakened in patients with Chronic Obstructive Pul-
monary Disorder (COPD) [1,2]. 

Airflow from the lungs is blocked by COPD, which is a long-lasting inflammatory 
condition of the respiratory system. The primary physiological function of the lungs, the 
main organs of the respiratory system, is to enable the exchange of gases. WHO docu-
mented that COPD accounted for the third-highest mortality burden worldwide in 2019 
[3]. COPD-related lung disease is caused by airway abnormalities (chronic bronchitis or 
bronchiolitis) and/or alveoli (emphysema). The primary sign of chronic bronchitis is a per-
sistent cough, which is indicative of airway inflammation. Additionally, it prevents air-
flow by causing goblet cells to produce excessive amounts of mucus. On the other hand, 
emphysema causes alveolar damage and produces symptoms such as dyspnea. Alveolar 
septa disintegration, an increase in airspace volume, and a reduction in elasticity brought 
on by redox imbalance, as well as excessive inflammatory response, are the hallmarks of 
the pathophysiology. An inflammatory immune response or long-term inflammation of 
the lungs’ airways is brought on by exposure to dangerous particles and chemicals, espe-
cially those found in cigarette smoke. COPD’s pathophysiology is caused by this inflam-
matory reaction [4]. An increase in cells, including neutrophils and lymphocytes, as well 
as macrophages, causes the release of pro-inflammatory cytokines, including IL-6, TNF-
α, IL-8, and IL-1β, as well as IL-2, which are mostly found in the lung parenchyma, pe-
ripheral airways, and pulmonary blood vessels, and typically indicate chronic inflamma-
tion [5,6]. Cytokines, in particular, are polypeptides that function as intercellular media-
tors. In respiratory tract illnesses, the generation of these inflammation-promoting cyto-
kines adds to lung tissue damage and affects respiratory tract inflammation. Patients with 
COPD can be managed and treated using a variety of strategies. Oral medicines, like in-
haled inflammation-inhibiting agents (corticosteroids) and bronchodilators, are promi-
nent therapeutic options. Nevertheless, sustained corticosteroid therapy may predispose 
patients to multiple adverse clinical effects, including diabetes mellitus, skeletal deminer-
alization, lens opacification, and an elevated susceptibility to infections [7–10]. 

Herbal plants contribute significantly to culture and traditional medicine practices in 
many countries. Indonesia is a megabiodiverse country with over 30,000 plant taxa that 
are suitable to be utilized as raw materials for herbal medicines. Flavonoids, terpenoids, 
alkaloids, and saponins are among the bioefficacious phytochemicals identified in plants 
of medicinal value that exhibit diverse pharmacodynamic properties. These compounds 
exhibit beneficial effects against different pathological conditions. Indonesians have lo-
cally used herbal plants as traditional medicines [11–13]. 

Globally, there is currently a growing trend toward a return to a traditional lifestyle, 
which includes the utilization of natural or herbal therapeutic compounds, with a preva-
lence of 88% [14]. The WHO advises utilizing herbs to preserve the health of the popula-
tion. Globally, especially in Indonesia, the herbal product market is currently quite popu-
lar and has a lot of promise. With a market size estimated at USD 165.66 billion in 2021, 
the herbal products sector is forecast to attain a value of USD 5 trillion by 2050 [15,16]. 

A comparative study on three methods of treatment and management for COPD pa-
tients in China showed that the combination of treatment methods and Traditional Chi-
nese Medicine (TCM) was the most successful method [17]. Several medicinal plants have 
been employed in China for COPD treatment, including milkvetch root (Astragalus mon-
holicus). This plant reportedly improved immune function in patients with COPD who 
experienced acute aggravation [18]. 

Five Indonesian medicinal herbs have been demonstrated to decrease inflammatory 
regulation related to the respiratory system, according to a comprehensive review based 
on earlier publications. The plants are Sambiloto (Andrographis paniculata), Babadotan (Ag-
eratum conyzoides), Kersen (Muntingia calabura), and Legetan Warak (Adenostemma lavenia), 
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as well as Sembung Rambat (Mikania micrantha Kunth) [19]. An A. paniculata 98% ethanol 
extract inhibited the cytokines that promote inflammation release, like IL-1β and IL-6, as 
well as TNF-α, in LPS-treated RAW 264.7 cells in vitro, according to Lukito et al. [20]. A. 
lavenia aqueous extract attenuated IL-6 levels according to another in vitro work by Astuti 
et al. [21]. Additionally, an M. calabura ethanol-based extract reduced the activity of cy-
clooxygen-ase-2 (COX-2) [22]. Specifically, COX-2 is an enzyme that produces prostaglan-
dins, which cause inflammation [19]. 

In vivo models have demonstrated several plant-derived extracts’ inflammation-
modulating activity. In a hamster model, an A. paniculata extract intervention markedly 
decreased IL-6 secretion and expression in pulmonary tissue, as reported by Kongsomros 
et al. [6]. Likewise, Widyaningrum et al. [23] observed that an M. calabura ethanolic extract 
exhibited significant inflammation-reducing activity by reducing carrageenan-induced 
edema in mice within 4 h after induction with 1% carrageenan. Furthermore, Xu et al. [24] 
demonstrated that A. conyzoides extract suppressed the activation of the NLRP3 inflam-
masome pathway in a murine model of peritonitis. Additionally, according to Deori et al. 
[25], an M. micrantha ethanolic extract exhibited inflammation-reducing activity potential 
by lowering rat paw edema in acute and sub-acute inflammation caused by carrageenan. 
The compounds 1a,9b-dihydro-1H-cyclopropa[a]anthracene, found in A. lavenia extract, 
and 7-hydroxyflavone, found in M. calabura extract, have a strong affinity for binding 
COX-2 as an inflammatory receptor in molecular dynamics studies, according to an in 
silico study by Tuwalaid et al. [22]. 

Inflammation is closely associated with COPD because the disease is related to in-
flammation of the respiratory system. Therefore, further investigation of anti-COPD in 
vitro is essential to produce a candidate herbal medicine supported by strong scientific 
evidence, along with the working mechanism, characteristic compounds, and active com-
pounds. Based on the available literature, studies to develop H2O extracts derived from 
Wedelia (Sphagneticola trilobata) and Sembung Rambat (Mikania micrantha) have not been 
carried out. Ethanol extract of M. micrantha was examined by Deori et al. [25] in vivo, with 
the results showing significant inflammation-inhibiting properties. However, in vitro 
studies on S. trilobata and M. micrantha plants have not previously been conducted. Ac-
cordingly, the goal of this study is to employ in vitro methods to determine the key in-
flammatory mediator inhibitory activity, like IL-1β, IL-6, and IL-2, released from the aque-
ous extract of S. trilobata and M. micrantha on LPS-treated RAW 264.7 macrophages. The 
secondary metabolite profile was examined in each extract to determine which com-
pounds act as inhibitors of inflammation related to the respiratory system. The results of 
this study can help the pharmaceutical industry achieve the mission to provide trusted 
health products to improve public health. It also supports the vision of becoming a leading 
health product manufacturer that dominates the market in Indonesia and Asia, with min-
imal side effects and by using natural raw materials from local sources. 

2. Materials and Methods 
2.1. Preparation of Raw Materials 

Wedelia (S. trilobata) and Sembung Rambat (M. micrantha) were obtained from the 
Biopharmaceutical Cultivation Conservation Unit (UKBB) Garden at the Tropical Bio-
pharmaceutical Study Center, IPB University. The plants were harvested at the age of 3–
4 months by pruning the stems, and then the fresh leaves were made into simple drugs 
through a process of washing, drying in a 45 °C oven for 36 h, and grinding into powder 
using a grinder with an 80 mesh sieve. The extraction was carried out using the maceration 
method. The ratio of the plant powder to the solvent was 1:10, with distilled water used 
as the solvent at room temperature. The maceration process was carried out for 3 × 24 h. 
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All macerate was collected and evaporated using a rotary evaporator to obtain a thick 
extract, which was then freeze-dried to obtain a dry extract. 

2.2. Determination of Standardization of Raw Materials for Simplicia and Extracts 

Post-harvest evaluation at the supplier/farmer level was conducted to evaluate the 
standardized post-harvest process for raw materials. The standardization was conducted 
in accordance with Indonesian Food and Drug Authority (BPOM/Badan Pengawas Obat 
dan Makanan) requirements. The analyses consist of moisture, ash, microbiological, and 
heavy metal content to prepare a Certificate of Analysis (CoA) for the raw materials. 

Standardization of raw materials was carried out in accordance with BPOM require-
ments. Analysis carried out for the standardization of raw materials includes moisture 
content, ash content, acid-insoluble ash content, water-soluble extract content, ethanol-
soluble extract content, microbiological content, and heavy metal content for lead (Pb) and 
cadmium (Cd). The procedures followed standard methods, including AOAC [26] and 
Indonesian National Standard (SNI) by BSN [27–29] as follows: 
a. Moisture content—A covered porcelain dish was heated in an oven at 105 °C for 30 min, 

cooled in a desiccator for 15 min, and weighed. Approximately 10 g of sample was 
accurately weighed into the pre-weighed dish and dried at 105 °C for 5 h. The dish 
containing the sample was then cooled in a desiccator for 30 min and weighed. Drying 
was continued at 1 h intervals until the difference between two consecutive weighings 
was not more than 0.25%. The moisture content was calculated using Equation (1). 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =  𝑊 − (𝑊ଵ −𝑊ଶ)𝑊 × 100% (1)𝑊 = 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑟𝑦𝑖𝑛𝑔 (𝑔) 𝑊ଵ = 𝑠𝑎𝑚𝑝𝑙𝑒 + 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑝𝑜𝑟𝑐𝑒𝑙𝑎𝑖𝑛 𝑑𝑖𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦𝑖𝑛𝑔 (𝑔) 𝑊ଶ = ℎ𝑒𝑎𝑡𝑒𝑑 𝑒𝑚𝑝𝑡𝑦 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑝𝑜𝑟𝑐𝑒𝑙𝑎𝑖𝑛 𝑑𝑖𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 

b. Ash content—2–3 g of sample was accurately weighed into a porcelain crucible of 
known weight. The sample was charred over a burner flame, then ashed in an electric 
furnace at a maximum temperature of 550 °C until complete ashing (occasionally, the 
furnace door is opened slightly to allow oxygen to enter). The crucible and sample 
were cooled in a desiccator, then weighed until the weight remained constant. The 
ash content was calculated using Equation (2). 𝐴𝑠ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =  𝑊ଵ −𝑊ଶ𝑊 × 100% (2)𝑊 = 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑎𝑠ℎ𝑖𝑛𝑔 (𝑔) 𝑊ଵ = 𝑠𝑎𝑚𝑝𝑙𝑒 + 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑝𝑜𝑟𝑐𝑒𝑙𝑎𝑖𝑛 𝑑𝑖𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑎𝑠ℎ𝑖𝑛𝑔 (𝑔) 𝑊ଶ = ℎ𝑒𝑎𝑡𝑒𝑑 𝑒𝑚𝑝𝑡𝑦 𝑐𝑜𝑣𝑒𝑟𝑒𝑑 𝑝𝑜𝑟𝑐𝑒𝑙𝑎𝑖𝑛 𝑑𝑖𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 

c. Acid-insoluble ash content—The ash obtained from the previous ash content determi-
nation was dissolved in 25 mL of 10% HCl and boiled for 5 min. The solution was 
then filtered through ashless filter paper and washed with distilled water until chlo-
ride-free. The filter paper was placed in a porcelain cup of known weight and dried 
in an oven, then ashed. The porcelain cup was cooled in a desiccator to room temper-
ature, then weighed. The weighing was repeated until a constant weight was 
achieved. The acid-insoluble ash content was calculated using Equation (2). 

d. Water- or ethanol-soluble extract content—Five grams of sample were accurately 
weighed using a stoppered flask. The sample was macerated with 100 mL of water 
or ethanol (95%) while shaking for the first 6 h and then left for 18 h. The mixture was 
quickly filtered to avoid solvent evaporation. The filtrate was transferred to a 100 mL 
volumetric flask, calibrated, and shaken until homogeneous. Twenty milliliters of the 
solution were accurately taken and dried in an oven at 105 °C in a shallow dish of 
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known weight. Next, it was cooled in a desiccator and weighed. The drying, cooling, 
and weighing procedures were repeated until a constant weight was obtained. The 
water or ethanol extract content was calculated using Equation (3). 𝑊𝑎𝑡𝑒𝑟 𝑜𝑟 𝑒𝑡ℎ𝑎𝑛𝑜𝑙 𝑠𝑜𝑙𝑢𝑏𝑙𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =  𝑊ଵ −𝑊ଶ𝑊 × 100% × 5 (3)𝑊 = 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑟𝑦𝑖𝑛𝑔 (𝑔) 𝑊ଵ = 𝑠𝑎𝑚𝑝𝑙𝑒 + 𝑑𝑖𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦𝑖𝑛𝑔 (𝑔) 𝑊ଶ = 𝑒𝑚𝑝𝑡𝑦 𝑑𝑖𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 

e. Microbial content— 

(i) Total Plate Count (TPC): Initially, 1 g of the sample was weighed and thoroughly 
mixed into 10 mL of sterile water to create the stock suspension. A serial dilution 
was then performed to achieve the required concentration levels. From the pre-
pared dilution tubes, aliquots of 1 mL and 0.1 mL were drawn and transferred 
into sterile Petri dishes. Subsequently, molten Plate Count Agar (PCA) or Nutri-
ent Agar (NA) (Oxoid) was poured into the dishes to mix with the sample. Fi-
nally, the Petri dishes were incubated at 37 °C for 24 to 48 h to allow the micro-
bial colonies to develop. 

(ii) Coliform Test: Initially, 1 g of the sample was weighed and introduced into 10 
mL of sterile water. A serial dilution was then performed to obtain the required 
dilution series. From these dilutions, aliquots of 1 mL and 0.1 mL were drawn 
and transferred into sterile Petri dishes. Subsequently, Eosin Methylene Blue 
Agar (EMBA) (Oxoid) was poured into the dishes to mix with the sample. Fi-
nally, the Petri dishes were incubated at 25 °C for 24 h to allow for microbial 
observation. 

(iii) Mold/Yeast Test: Initially, 1 g of the sample was weighed and mixed into 10 mL 
of sterile water to create the stock suspension. A serial dilution was then per-
formed to achieve the required dilution levels. From the prepared dilution 
tubes, aliquots of 1 mL and 0.1 mL were drawn and transferred into sterile Petri 
dishes. Subsequently, Potato Dextrose Agar (PDA) (Oxoid) was poured into the 
dishes to mix thoroughly with the sample. Finally, the Petri dishes were incu-
bated at 30 °C for 2 to 4 days to allow for the growth and observation of mold 
and yeast colonies. 

f. Heavy metal content for Pb and Cd—Initially, 5 g of the sample was weighed and trans-
ferred into a porcelain dish or a 100 mL Pyrex beaker. The container was then moved 
into a muffle furnace at 200 °C, where the temperature was gradually increased to 
500 °C over 2 h, and the sample was ashed overnight at 450–500 °C. Following this, 
the beaker was removed from the furnace and allowed to cool on an asbestos mat; if 
carbon residue remained, 1 mL of water and 2 mL of pro analyst HNO3 were added 
after cooling, dried over a water bath, and reheated at 500 °C for 1 h until a white ash 
was obtained. Next, 5 mL of HNO3 was added along the wall of the beaker, and the 
mixture was heated over a water bath until the ash was fully dissolved. The solution 
was quantitatively transferred into a 50 mL volumetric flask, diluted to volume with 
distilled water, and filtered using Whatman 540 filter paper. A blank was prepared 
concurrently using the same reagents. Subsequently, the absorption of the standard 
solutions, blank, and sample was measured using an atomic absorption spectropho-
tometer at specific wavelengths for each metal (217.0 nm for Pb and 228.8 nm for Cd). 
Finally, a calibration curve was constructed with absorbance plotted on the Y-axis 
and concentration (in ఓ௚௠௟ 𝑜𝑟 𝑝𝑝𝑚) on the X-axis, from which the metal content in the 
sample was calculated using Equation (4). 
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𝐻𝑒𝑎𝑣𝑦 𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝜇𝑔 𝑔⁄ ) =  𝜇𝑔 𝑙𝑜𝑔𝑎𝑚 𝑚𝐿⁄ 𝑓𝑟𝑜𝑚 𝑐𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 𝑐𝑢𝑟𝑣𝑒 × 𝑉𝑚  (4)𝑉 = 𝑑𝑖𝑠𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿) 𝑚 = 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔) 

2.3. LC-MS/MS Analysis 

The H2O extracts’ chemical profiling from Wedelia and Sembung Rambat was con-
ducted using LC-MS/MS on a UHPLC.Vanquish system combined with a Thermo Scien-
tific Q Exactive Plus Orbitrap HRMS. Potential constituents were assigned by searching 
the acquired spectral data against a laboratory-curated database using a maximum mass 
deviation of ±5 ppm. An Accucore C18 column (100 mm × 2.1 mm, 1.5 µm particle size) 
was employed for analytes’ chromatographic separation. The sample injection volume, 
flow rate, and column temperature were set at 5.0 µL, 0.2 mL/min, and 30 °C, respectively. 
The elution solvents comprised 0.1% formic acid in water (phase A) and 0.1% formic acid 
in acetonitrile (phase B). The gradient elution program consisted of 5%, 5–95%, 95%, and 
5% solvent B over 0–1, 1–25, 25–28, and 28–33 min, respectively. The MS electrospray 
source was configured in negative-ion mode, with the spray voltage, capillary tempera-
ture, auxiliary and sheath gas flow rate set at 3.8 kV, 320 °C, 3 mL/min, and 15 mL/min, 
respectively. Fragmentation analysis employed collision energies of 18, 35, and 53 eV, and 
ions were acquired over an m/z range of 100–1500. Furthermore, LC-MS/MS data were 
analyzed through an in-house database to identify potential compounds and used a mass 
error of ±5 ppm. The identification of compounds was conducted by comparing fragmen-
tation patterns and retention duration to data from an in-house database, and also various 
scientific journals [30]. 

2.4. RAW 264.7 Macrophage Cell Culture 

Murine RAW 264.7 macrophage supplied by the Primate Research Center of IPB Uni-
versity (Bogor, Indonesia) served as the experimental cell line. The cells were regularly 
cultivated in DMEM (Dulbecco’s Modified Eagle’s Medium) supplemented with 1% pen-
icillin-streptomycin and 10% FBS. Until sufficient confluence was reached, cell cultures 
were kept at 37 °C in a moist atmosphere with 5% CO2, after which cell detachment was 
performed using trypsin–EDTA (ethylenediaminetetraacetic acid) [20]. 

2.5. Cell Viability Assay 

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) technique 
was utilized for the cell viability test. For the assay, RAW 264.7 macrophages were plated 
in 96-well plates at 1 × 104 cells/well initial density and they were then incubated for a full 
day. After replacing the rejected medium with a fresh one and adding it to the sample at 
15.625, 31.25, and 62.50 ppm, the sample was incubated for a full day. After removing the 
medium, PBS was used to wash the cells. Each well received around 10 µL of a 5 mg/mL 
MTT solution, and then placed in an incubator for another four hours. One hundred mi-
croliters of DMSO were utilized to dissolve the formazan crystals. A microplate reader set 
to 570 nm was utilized to estimate uptake [20]. Cell viability percentage was defined uti-
lizing equation (5). % Cell viability = ቈAbsorbanceୱୟ୫୮୪ୣ−Absorbanceୠ୪ୟ୬୩Absorbanceୡ୭୬୲୰୭୪−Absorbanceୠ୪ୟ୬୩቉ × 100% (5)
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2.6. Pro-Inflammatory Cytokine Inhibitory Activity Assay 

Using the ELISA technique, increased IL-6, IL-2, and IL-1β levels in LPS-treated RAW 
264.7 macrophages were measured to assess cytokine-suppressive activity. Moreover, 96-
well plates were filled with 1 × 103 RAW 264.7 macrophages per well, which were then 
cultured for a full day. After discarding the medium, a fresh one was applied to the spec-
imen at the 31.25 ppm concentration. After two more hours of incubation, the specimens 
were activated with 1 µg/mL LPS followed by culturing for a full day. The medium was 
collected and agitated for 10 min at 2000 rpm. 

The amounts of IL-6, IL-2, and IL-1β present in the cell culture supernatants were 
quantified utilizing Elabscience mouse ELISA kits by adhering to the supplier’s prescribed 
protocol [20]. The percentages of cytokines that promote inflammation inhibition were 
computed using Equation (6). % inhibition = ቈConcentration୬ୣ୥ୟ୲୧୴ୣ ୡ୭୬୲୰୭୪−Concentrationୱୟ୫୮୪ୣConcentration୬ୣ୥ୟ୲୧୴ୣ ୡ୭୬୲୰୭୪ ቉ × 100% (6)

2.7. Statistical Analysis 

One-way ANOVA and Tukey’s post hoc test at a 95% confidence level were used to 
analyze the data employing statistical methods, which were depicted as the three repli-
cates ± the SD average. A p-value ≤ 0.05 indicates a significant difference between groups 
in the analyzed populations. 

3. Results and Discussion 
3.1. Extraction Results 

Extraction is the technique of utilizing a solvent to separate secondary metabolites or 
bioactive components from plant materials. The yield is dependent on the pH, tempera-
ture, solvent polarity, sample composition, and extraction duration [30,31]. In this study, 
the H2O extract of Sembung Rambat had a higher yield (26.65%) than Wedelia (20.04%). 
Wedelia and Sembung Rambat were derived employing H2O solvent, as indicated in Ta-
ble 1; hence, there is no discernible difference in the yields of the two extracts, and both 
belong to the same group, Asteraceae [32,33]. 

Table 1. Yields of Wedelia and Sembung Rambat extracts. 

Sample Yield (%) 
Wedelia 20.04 

Sembung Rambat 26.65 

3.2. Standardization of Raw Materials for Simplicia and Extracts 

To guarantee the medicinal plant extract’s quality and safety criteria, standardization 
is required. Standardization of raw materials is carried out in accordance with the Herbal 
Pharmacopoeia and BPOM Regulation Number 32 of 2019 concerning the Safety and 
Quality Requirements for Traditional Medicines. The results of standardization assays on 
the raw materials and extracts of Wedelia and Sembung Rambat (Tables S1 and S2) for 
moisture and ash content, as well as microbial contamination parameters, met the stand-
ards in accordance with the Herbal Pharmacopoeia and BPOM Regulation Number 32 of 
2019 [34] concerning the Safety and Quality Requirements for Traditional Medicines. 
There is no standard reference pertaining to the acid-insoluble ash, water, and ethanol 
solubility of the Wedelia and Sembung Rambat plants and their extracts, but these data 
give information on the solvents used for further preparation of plant-based products. 

Meanwhile, the analysis showed that the levels of Cd metal in the Wedelia and Sem-
bung Rambat plants and water extracts exceeded the specified threshold. Naturally, Cd is 
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found in sedimentary rocks, and the weathering of these rocks slowly releases Cd into the 
soil, which can be absorbed by plants. In addition, sources of heavy metal contamination 
can also come from added fertilizer base materials or from the environment. Heavy metals 
are often found in the use of organic and inorganic fertilizers and pesticides during culti-
vation [35]. Moreover, both plants have been reported to have the capacity as heavy metal 
bioremediators, which explains their correlation with high levels of cadmium [36,37]. The 
sample standardization analysis results of Wedelia and Sembung Rambat are illustrated 
in the Supplementary Materials (Tables S1 and S2). The data in this study indicate that 
selecting the right growing location and appropriate cultivation practices are important 
factors in reducing Cd content in plants. Furthermore, the extraction solvent’s choice is 
also important to minimize the transfer of Cd into the plant extract. These factors require 
greater attention in the development of herbal products to meet the safety standards. It is 
also recommended for future cultivation using soilless cultivation techniques to reduce 
heavy metal contamination in these two plants. 

3.3. Putative Compounds in Wedelia and Sembung Rambat H2O Extracts 

The LC-MS/MS chromatogram for the H2O extracts of Wedelia and Sembung Rambat 
can be seen in Figure 1. This research found that amino acids, phenolic acids, and organic 
acids are 4 groups of compounds that are found in large quantities in both extracts. In 
addition, terpenoids were only found in the Wedelia H2O extract. The entire group of 
compounds (4 groups of compounds) consists of 17 compounds. It has been reported that 
all these groups of compounds function as anti-inflammatories, particularly by inhibiting 
the release of pro-inflammatory cytokines IL-6, TNF-α, and IL-1β (Table 2) [38–41]. Three 
compounds were also found together in both extracts, including L-(+)-Valine, 4-
Aminobenzoic acid, and Protocatechuic acid. 

 

Figure 1. LC-MS/MS chromatogram for Wedelia H2O extract (a) and Sembung Rambat H2O extract 
(b). 
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Table 2. Data on compounds that have the potential to be inhibitors of pro-inflammatory cytokines 
in the H2O extracts of Wedelia and Sembung Rambat. 

No. Groups of 
Compounds 

No. Compounds Wedelia H2O 
Extract 

Sembung Rambat 
H2O Extract 

Anti-Inflammatory 
Activity 

Reference 

1. Amino acids 1. L-(+)-Valine ✓ ✓ 

The free amino acid 
composition contained 
in chicken liver hydrol-

ysate-based supple-
ments can reduce IL-6, 
TNF-α, and IL-1β in-

flammation in mice fed 
a long-term high-fat 

diet (HFD). 

[38] 

  2. L-(+)-Leucine - ✓ 

The free amino acid 
composition contained 
in chicken liver hydrol-

ysate-based supple-
ments can reduce IL-6, 
TNF-α, and IL-1β in-

flammation in mice fed 
a long-term high-fat 

diet (HFD). 

[38] 

  3. DL-Phenylala-
nine 

- ✓ 

The free amino acid 
composition contained 
in chicken liver hydrol-

ysate-based supple-
ments can reduce IL-6, 
TNF-α, and IL-1β in-

flammation in mice fed 
a long-term high-fat 

diet (HFD). 

[38] 

  4. DL-Glutamic 
acid 

- ✓ 

The free amino acid 
composition contained 
in chicken liver hydrol-

ysate-based supple-
ments can reduce IL-6, 
TNF-α, and IL-1β in-

flammation in mice fed 
a long-term high-fat 

diet (HFD). 

[38] 

  5. 
4-Aminoben-

zoic acid ✓ ✓ 

The free amino acid 
composition contained 
in chicken liver hydrol-

ysate-based supple-
ments can reduce IL-6, 
TNF-α, and IL-1β in-

flammation in mice fed 
a long-term high-fat 

diet (HFD). 

[38] 

  6. DL-Tyrosine - ✓ 
The free amino acid 

composition contained 
in chicken liver 

[38] 
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hydrolysate-based sup-
plements can reduce 

IL-6, TNF-α, and IL-1β 
inflammation in mice 
fed a long-term high-

fat diet (HFD). 

  7. L-Proline ✓ - 

L-Proline-based cyclic 
dipeptides derived 

from Pseudomonas sp. 
decrease pro-inflam-
matory cytokines in 

vitro. 

[42] 

  8. Pregabalin - ✓ 

Pregabalin could in-
hibit the release of IL-6 
and IL-2 in individuals 
with fibromyalgia syn-
drome (FMS) at a dose 

of 150 mg/day for at 
least three months. 

[43] 

2. Phenolic acids 9. 
Protocatechuic 

acid ✓ ✓ 

Protocatechuic acid can 
reduce the levels of IL-
6, IL-1β, and TNF-α in 
LPS-induced macro-

phages. 

[39] 

  10. 
(E)-p-coumaric 

acid 
- ✓ 

(E)-p-coumaric acid 
can lower the levels of 
IL-6, TNF-α, and IL-1β 

in liver tissue of bi-
sphenol A-induced 

rats.  

[44] 

  11. 
Chlorogenic 

acid ✓ - 

Chlorogenic acid can 
reduce levels of IL-6, 

TNF-α, and IL-1β in se-
vere acute pancreatitis 

rats. 

[45] 

  12.  Salicylic acid - ✓ 

Salicylic acid can in-
hibit the production of 
IL-6 in LPS-stimulated 

keratinocytes. 

[46] 

3. Organic acids 13. Gentiopicrin - ✓ 

Gentiopicrin reduces 
the levels of IL-6, TNF-
α, and IL-1β in LPS-in-
duced inflammation. 

[40] 

  14. Sweroside - ✓ 

Sweroside can reduce 
the production of IL-6, 

TNF-α, and IL-1β in 
vitro. 

[47] 

  15. Citric acid ✓ - 

Citric acid suppressed 
the secretion of IL-6, 

TNF-α, and IL-1β in an 
LPS-stimulated inflam-

mation model of 

[41] 
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primary intestinal epi-
thelial cells. 

  16. Arabic acid ✓ - 

Arabic acid lowered 
the levels of IL-6, TNF-
α, and IL-1β in mice 
treated with high-fat 
diet-induced obesity. 

[48] 

4. Terpenoids 17. Navenone A ✓ - 

Navenone A can re-
duce the levels of IL-6, 

TNF-α, and IL-1β in 
vitro. 

[49] 

3.4. Cell Viability 

In order to analyze the anti-inflammatory properties of Wedelia and Sembung Ram-
bat extracts, we initially measured their cytotoxicity in RAW 264.7 macrophages. This 
method is based on determining cell viability in cell culture to investigate the effects of 
pharmaceuticals in vitro on cell proliferation by cell-mediated cytotoxicity analysis. In this 
study, we used the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 
assay. The principle of this method is to measure the mitochondrial dehydrogenase activ-
ity of living cells, which has the ability to convert MTT into formazan. The intensity of the 
purple color of formazan is determined using an absorbance value that is related to the 
number of living cells. The more intense the purple color, the higher the absorption value. 
This demonstrates that the higher the number of living cells reacting with tetrazolium salt, 
the more formazan is produced [19,50]. 

The viability of RAW 264.7 macrophage cells when treated with H2O extracts of 
Wedelia and Sembung Rambat can be observed in Figure 2 and Table S3. This study used 
sample concentrations of 15.625, 31.25, 62.50, 125.00, 250.00, and 500.00 ppm. The cell via-
bility assay is used to identify the concentration that does not cause macrophage cell death 
when treated with the optimum formula. A macrophage cell viability value of 264.7 is 
considered non-toxic if the cell viability reaches above 80% [51,52]. The results showed 
that the RAW 264.7 macrophage’s viability reached above 80% for all assay concentrations 
following treatment with aqueous extracts of Wedelia and Sembung Rambat. This result 
serves as the basis for determining safe concentration levels [53] in extract inhibition anal-
ysis against LPS-treated IL-6, IL-2, and IL-1β. 

 

Figure 2. Viability of RAW 264.7 macrophage cells when treated with the extract. For each sample, 
values with different letters in the same column indicate significant differences at p-value ≤ 0.05 
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based on one-way ANOVA followed by Tukey’s test (n = 3). The results are sorted in ascending 
order: a > b > c > d > e. 

3.5. Inhibitory Activity of Single Extracts Against Pro-Inflammatory Cytokines 

An extract concentration of 31.25 ppm was used in the inhibition assay of pro-inflam-
matory cytokine release from Wedelia and Sembung Rambat extracts. This concentration 
was selected because it is considered safe when converted to a human drug dose. Further-
more, the moderate concentration is expected to demonstrate effectiveness as a drug or 
inhibit the in vitro release of pro-inflammatory cytokines [54,55]. 

Tetrahydropyrimidine was used as the positive control because it is used as an anti-in-
flammatory drug (non-steroidal anti-inflammatory drugs/NSAIDs) that suppresses the pro-
duction of pro-inflammatory cytokines and works by inhibiting inflammatory pathway en-
zymes such as COX-2 (cyclooxygenase-2) and iNOS (inducible nitric oxide synthase) [56,57]. 

The findings noted that in the IL-6 assay, the Sembung Rambat extract had the high-
est inhibition (84.03 ± 9.91%) and the lowest concentration (343.25 ± 9.91 pg/mL). In com-
parison, the Wedelia extract showed an IL-6 concentration of 544.222 ± 7.13 pg/mL with 
an inhibition of 74.68 ± 7.13%. Compared with both the negative and positive control 
groups, the two extracts demonstrated significantly different inhibitory effects. The posi-
tive ones explained an inhibition of 100.00 ± 0.00%, while the negative control demon-
strated no inhibition of IL-6 cytokine release (0.00 ± 0.00%). The normal control did not 
show any IL-6 cytokine concentration or have an inhibition of 100.00 ± 0.00%. 

In the IL-2 assay, the Sembung Rambat extract demonstrated the lowest concentra-
tion of 0.00 ± 0.00 pg/mL and the maximum inhibition of 100.00 ± 0.00%. This inhibition 
was similar to the reference treatment (100.00 ± 0.00%), with no significant difference. 
Meanwhile, the Wedelia extract had an IL-2 concentration of 7.88 ± 0.0 pg/mL and an in-
hibition of 67.15 ± 0.0. The negative control showed no inhibition of IL-2 cytokine release 
(0.00 ± 0.00%), and the normal control had a concentration of 6.55 ± 1.26 pg/mL or an in-
hibition of 72.72 ± 1.26%. However, the Sembung Rambat extract had greater inhibition of 
IL-2 cytokine release than the normal control. 

In the IL-1β assay, the Sembung Rambat extract had the lowest concentration of 10.46 
± 0.00 pg/mL and the highest inhibition of 67.34 ± 0.00%. The Wedelia extract yielded an 
IL-1β concentration of 25.32 ± 0.00 pg/mL with an inhibition of 20.95 ± 0.00%. Meanwhile, 
the positive control had a higher inhibition than the Rambat extract, namely 83.16 ± 0.00%. 
The untreated control did not exhibit inhibition of IL-β cytokine release. The normal con-
trol showed an IL-1β concentration of 24.78 ± 0.00 pg/mL or 22.63 ± 0.00% inhibition. Nev-
ertheless, the extract’s inhibition was still higher than the normal control. Based on the 
test, both extracts have the potential to inhibit pro-inflammatory cytokine production. In-
hibition data from each extract, the positive control, the negative control, and the normal 
control are presented in Figures 3 and 4, as well as Tables S4 and S5. 

A major transcription factor in macrophages, the Nuclear Factor-kappa B (NF-κB) 
signaling pathway is necessary for the induction of many pro-inflammatory cytokine 
genes, including TNF-α, IL-1β, IL-6, IL-12, and COX-2. NF-κB activation occurs via two 
primary mechanisms: the classical (canonical) pathway and the alternative (non-canoni-
cal) pathway. The classical pathway is triggered by pro-inflammatory stimuli such as 
TNF-α, IL-1, and LPS. This pathway induces protein degradation, resulting in the release 
and translocation of NF-κB dimers to the cell nucleus, where they activate the expression 
of genes associated with inflammation and cellular defense. As this pathway operates rap-
idly and plays a dominant role in the acute inflammatory response, NF-κB is closely linked 
to the pathogenesis of inflammatory diseases such as COPD. Therefore, extracts of Wedelia 
and Sembung Rambat, which can inhibit the release of the pro-inflammatory cytokines IL-
6, IL-2, and IL-1β, will have implications for the NF-κB signaling pathway [58,59]. 
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The assay results are consistent with the metabolite profile data, showing that amino 
and phenolic acids dominate in reducing pro-inflammatory cytokine production. Previ-
ous studies have also confirmed these results. For example, Ellergezen et al. [43] reported 
that pregabalin, an amino acid, could inhibit the release of IL-6 and IL-2 in individuals with 
fibromyalgia syndrome (FMS) at a dose of 150 mg/day for at least three months. Further-
more, Li et al. [39] stated that Protocatechuic acid from the phenolic acids group at a dose of 
0.25–1.0 µM can reduce the levels of IL-6, IL-1β, and TNF-α in LPS-induced macrophages. 

Research related to the anti-inflammatory activity of Sembung Rambat extract has 
also been conducted by Deori et al. [25] in vivo, which stated that Sembung Rambat extract 
can reduce rat paw edema in carrageenan-induced acute and sub-acute inflammation at a 
dose of 200–400 mg/kgBW of Sembung Rambat ethanol extract. Furthermore, Samsuar et 
al. [60] also revealed that the ethanol fraction of Sembung Rambat at a dose of 450 
mg/kgBW in vivo has anti-inflammatory activity on rat paw edema induced by carragee-
nan for acute inflammation. 

An in vivo inflammation-inhibiting study related to inflammation in the respiratory 
tract was conducted by Castro et al. [61], who stated that IL-1β inhibition reduced rat lung 
inflammation induced by exposure to cigarette smoke. Furthermore, Widowati et al. [62] 
stated that Camellia sinensis L. extract reduced IL-6 expression in an ARDS experimental rat 
model. Lee et al. [63] also indicated that glycyrrhizin inhibited IL-6 lipopolysaccharide-in-
duced chronic pulmonary damage in a rat model. Algheshairy et al. [64] also stated that 
Citrus limon juice can reduce IL-6 levels in a respiratory-irritated rat model. Several in vivo 
studies have shown that inhibition of pro-inflammatory cytokines can reduce inflammation 
in the respiratory tract, thus aligning with the in vitro studies we have currently conducted. 
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(B) 

 
(C) 

Figure 3. Concentrations of IL-6 (A), IL-2 (B), and IL-1β (C) produced by Wedelia and Sembung 
Rambat extracts. For each sample, values with different letters in the same column indicate signifi-
cant differences at p-value ≤ 0.05 based on one-way ANOVA followed by Tukey’s test (n = 3). The 
results are sorted in ascending order: a > b > c > d > e. 
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(C) 

Figure 4. Inhibition of Wedelia and Sembung Rambat extracts against IL-6 (A), IL-2 (B), and IL-1ß 
(C). For each sample, values with different letters in the same column indicate significant differences 
at p-value ≤ 0.05 based on one-way ANOVA followed by Tukey’s test (n = 3). The results are sorted 
in ascending order: a > b > c > d > e. 

4. Conclusions 
Despite the significant results, certain limitations must be acknowledged. Standardi-

zation of raw materials for simplicia and extracts was carried out in accordance with the 
requirements of BPOM Number 32 of 2019 concerning the Safety and Quality Require-
ments for Traditional Medicines. The Cd ion content is of particular concern because it 
exceeds the BPOM standard limit for simplicia and both extracts. This may be attributed 
to contamination originating from fertilizer inputs or environmental sources. Heavy met-
als are frequently detected in both organic and inorganic fertilizers as well as pesticides 
during cultivation [35]. The results indicate that determining the ideal growth site and 
using suitable cultivation techniques are crucial for lowering the amount of Cd in plants. 

Metabolite profiling of the two extracts was conducted by LC-MS/MS using a Thermo 
Scientific Vanquish UHPLC coupled with a Q Exactive Plus Orbitrap high-resolution 
mass spectrometer. Although this instrument is putative, the compound determination 
has a mass error of ±5 ppm and compound fragmentation, which increases the reliability 
of the identified compounds. However, further studies should be conducted using stand-
ard compounds to validate the compounds obtained. 

The standardization assay and in vitro studies of pro-inflammatory cytokine release 
inhibition (IL6, IL-2, and IL-1β) showed that Wedelia and Sembung Rambat extracts pos-
sess inflammation-inhibiting activity related to COPD. The Sembung Rambat water ex-
tract inhibited 100.00 ± 0.00% of IL-2 and 67.34 ± 0.00 of IL-1β cytokine release in LPS-
treated macrophages. Meanwhile, the Wedelia water extract inhibited 84.03 ± 9.91% of IL-
6 cytokine production. The extract concentration used in this in vitro assay for the inhibi-
tion of pro-inflammatory cytokine release was 31.25 ppm. This specific concentration was 
selected because the subsequent research aims to develop an herbal medicine. Therefore, 
a moderate concentration is required—one that can be converted into a therapeutic dosage 
and demonstrate efficacy as an anti-inflammatory inhibitor. Nevertheless, assays across 
the extract concentration range of 15.625–500 ppm are still required to provide a complete 
set of assay results. 

The results are limited to in vitro conditions, and the observed inflammation-inhib-
iting effects cannot be directly extrapolated to therapeutic efficacy in patients with COPD 
respiratory tract inflammation. Therefore, further studies are needed to develop in vitro 
formulations of these two extracts, followed by in vivo evaluation using appropriate ani-
mal models and clinical investigations to determine the effectiveness in treating respira-
tory inflammation associated with COPD patients. 
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In conclusion, the extracts of Wedelia and Sembung Rambat fulfilled the standards 
for moisture and ash content, as well as microbial contamination parameters, which is in 
line with the standardization assays conducted in accordance with the Herbal Pharmaco-
poeia and BPOM Regulation Number 32 of 2019. The findings indicated that both aqueous 
extracts demonstrated substantial anti-inflammation activity through inhibition of pro-
inflammatory cytokine release in LPS-treated RAW 264.7 macrophages. Amino com-
pounds together with phenolic acids detected in the aqueous extract are considered po-
tential contributors to its inflammation-inhibiting properties, particularly through sup-
pression of pro-inflammatory cytokine release, including IL-6, IL-2, and IL-1β. Both the 
Wedelia and Sembung Rambat extracts have considerable potential for further develop-
ment, either individually or in combination, as inflammation-inhibiting agents for COPD 
management, particularly through the reduction in inflammation in the respiratory system. 
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