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Purpose: Cymbopogon nardus (L). Rendle has traditionally been recognized for its medicinal properties. Recent studies have
suggested that its bioactive constituents possess antioxidant and anti-inflammatory properties. However, there is limited scientific
evidence of its cellular effects. Given that the pathogenesis of many diseases involves oxidative stress and inflammation, this study
aimed to evaluate the potential antioxidant and anti-inflammatory effects of the plant extracts in 3T3-L1 cells.

Methods: Phytochemical screening of C. nardus extracts was performed to identify bioactive compounds. Antioxidant activity of the
extract was assessed using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and superoxide dismutase (SOD) assays. Toxicity was evaluated
using the MTT assay. Additionally, the effects of the extract on the gene expression of hypoxia-inducible factor 1a (HIF-1a) in
menadione-induced 3T3-L1 cells, as well as interleukin-6 (IL-6) and cyclooxygenase-2 (COX-2) in lipopolysaccharide (LPS)-induced
3T3-L1 cells, were investigated.

Results: Phytochemical screening revealed the presence of phenolics, tannins, alkaloids, and flavonoids in the ethanolic extracts. The
extract demonstrated antioxidant activity, with ICso values of 178.06 ppm for DPPH and 220 ppm for SOD. It did not affect the
viability of 3T3-L1 cells at concentrations of up to 500 ppm. At 100 ppm, the extract increased cell viability (p<0.05) and reduced
HIF-1o expression in the menadione-treated cells (p<0.05). Additionally, it decreased the expression of IL-6 and COX-2 in LPS-
induced cells (p<0.05).

Conclusion: The ethanol extract of C. nardus demonstrated promising potential as an antioxidant and anti-inflammatory agent in
3T3-L1 cells. Further analysis is recommended to confirm the potential.
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Introduction

Oxidative stress and inflammation play significant roles in the pathogenesis of many diseases.' Therefore, treating these
conditions with antioxidant and anti-inflammatory compounds may be beneficial. Several medicinal plants have been reported
to possess these activities.”> Historically, medicinal plants have played a crucial role in therapeutic practices by offering
effective treatment for various ailments. Even today, they continue to serve as an important source for the development of
novel drugs, with more than 50% of modern therapeutics derived from plants either in their natural form or as derivatives.
Indonesia is known for its vast biodiversity and is home to approximately 30,000-40,000 plant species, approximately 20% of
which are recognized for their medicinal properties and are either cultivated or grown in the wild.®’ Despite this abundance,
many medicinal plants in Indonesia remain underutilized, making them a promising source for the discovery of new plant-
based drugs. Herbal plants offer distinct advantages over synthetic agents, such as easier accessibility, lower cost, and fewer or
no side effects. These plants are rich in phytoconstituents like flavonoids, alkaloids, terpenoids, steroids, and phenolics, which
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are known for their antioxidant and anti-inflammatory properties.® One such plant found in Indonesia, particularly in West
Java, is Cymbopogon nardus (L). Rendle.

C. nardus, commonly known as citronella grass, is an aromatic plant belonging to the family Poaceae and is widely
known for its essential oil and diverse applications. Traditionally, it has been utilized in various ways, including in the
production of soaps, perfumes, and aromatherapy products. Its essential oil is particularly famous for its use as a natural
insect repellent that protects against mosquito bite. Additionally, it is a common ingredient in traditional medicine and is
used as a seasoning in culinary practices.”'® The primary components of C. nardus essential oil are three monoterpenes,
citronellal, citronellol, and geraniol, which have distinctive fragrances and contribute to its functional properties.'''?

In addition to its traditional uses, C. nardus has significant therapeutic potential because of its rich phytochemical content.
The ethanol extract of this plant contains a variety of bioactive compounds such as alkaloids, tannins, saponins, flavonoids,
and phenolics. These compounds are known for their health-promoting effects, particularly their antioxidant and anti-
inflammatory effects. The presence of flavonoids and phenolics in particular suggests that C. nardus can serve as an effective
natural antioxidant, neutralizing free radicals and protecting cells from oxidative stress.”” In addition to its antioxidant activity,
C. nardus is also recognized for its potential as an anti-inflammatory agent. Studies have suggested that C. nardus ethanol
extract can help suppress inflammation by inhibiting key inflammatory mediators, such as lipoxygenase and cyclooxygenase
enzymes, as well as pro-inflammatory cytokines.'? This makes C. nardus a promising candidate for the development of natural
treatments aimed at managing inflammation and oxidative stress-related conditions.

Extensive in vitro and in vivo studies have explored the development of antioxidant and anti-inflammatory agents
derived from herbal plants. Among the commonly used in vitro models for evaluating these properties are 3T3-L1 mouse
fibroblast cells, which we used as a cell model to investigate the antioxidant capacity of plant extracts in a previous
study.'* However, to date, no study has specifically investigated the potential antioxidant and anti-inflammatory effects of
C. nardus using the 3T3-L1 cell line. Therefore, the present study is the first to explore the effects of C. nardus ethanol
extract on 3T3-L1 inflammatory cells stimulated with menadione and lipopolysaccharide (LPS). These findings may
provide valuable insights for advancing the development of C. nardus as a candidate antioxidant and anti-inflammatory
therapy, particularly for adipose tissue-related inflammation.

Materials and Methods

Collection and Preparation of Cymbopogon nardus Ethanol Extract

Fresh C. nardus stems and leaves of C. nardus were collected from Parongpong, West Bandung District, West Java,
Indonesia. Plant identification was conducted by Budi Irawan, a taxonomist at the Jatinangor Herbarium, Biosystematics
and Molecular Laboratory, Department of Biology, FMIPA, Universitas Padjadjaran (UNPAD) with reference no. 455/
LBM/IT/X/2024. The samples (100 g) were thoroughly washed with tap water, sorted, and cut into small pieces before
being dried at 50°C until they reached a constant weight, and macerated in 96% ethanol for 2x24 h. The resulting extract
was filtered through Whatman No.1 filter paper, and the filtered extract was collected and dried using a rotary evaporator
(CCA-1100, EYELA, Japan) to obtain an extract paste. The paste extract was stored at 4°C until future use.®

Phytochemical Test of Cymbopogon nardus Ethanol Extract

The samples used for phytochemical testing weighed 2 g for each test target. In this study, phenolics, tannins, flavonoids,
alkaloids, and saponins were tested using specific reagents to analyze their target secondary metabolites. The phenolic test was
performed using a 5% FeCls reagent (Sigma, USA), while the tannin test utilized a 1% FeCl; reagent (Sigma, USA)."
Flavonoid test was performed with three different reagents, namely 0.1 g of magnesium powder (Sigma, USA), and
concentrated HCI (Sigma, USA), HSO,4 2N (Sigma, USA), and NaOH 10% (Sigma, USA)." Alkaloid test was performed
with Wagner’s reagent. The saponin test was performed with two drops of HCI 2N reagent.'® The presence of each target is
shown as follows: bluish-black color for phenolic; green, red, purple, blue, or strong black colors for tannin; orange, pink, or
dark red colors, which were not lost within three minutes for flavonoids, chocolate deposition for alkaloids, and stable foam for

- 17,1
saponin,'"'®
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Antioxidant Activity Test of Cymbopogon nardus Ethanol Extract
2,2-Diphenyl-|-Picrylhydrazyl Radical Scavenging Assay

One milliliter of 2.2-diphenyl-1-picrylhydrazyl (DPPH) solution (0.4 mm in 82% methanol) was added to one milliliter
of samples at concentrations ranging from 0.5 to 42 ppm and incubated for 30 minutes. The absorbance of the resulting
mixture was measured at 517 nm wavelength. The percentage of free radical inhibition by the sample was calculated as
the percentage of absorbance difference between the sample and blank. The 50% free radical inhibitory concentration
(ICs) was calculated using the regression equation y = ax + b.°

SOD Activity Assay
The superoxide dismutase (SOD) activity in the extract was assessed using an established method based on the xanthine—
xanthine oxidase system that generates superoxide radicals.®

Briefly, 40 uL of extract at concentrations ranging from 5 to 20 ppm was mixed with 200 pL of reagent mixture containing
aquabidest, 1M phosphate buffer (pH 7.4), 10 mm nitro blue tetrazolium (NBT), 0.1 TEMED, and 0.5 mm riboflavin in a 96-
well plate. In addition to the sample wells, three other groups were used in this test: no-inhibition groups (40 pL methanol +
200 pL reagent mixture), inhibition blanko groups (40 pL extract + 200 uL reagen without riboflavin mixture), and no-
inhibition blanko groups (40 pL methanol + 200 pL reagen without riboflavin mixture). All groups were illuminated for
10 min in a lighting box containing a tungsten lamp bulb (20 W). One unit of superoxide dismutase (SOD) is defined as the
amount of enzyme required to inhibit the reduction of nitro blue tetrazolium (NBT) by 50% in one minute. Inhibition of NBT
reduction was measured at 560 nm using a microplate spectrophotometer (ThermoScientific ® Multiskan EX, Singapore). The
SOD activity was expressed in units per milligram of protein (U/mg protein).®

3T3-LI Cell Line Culture

The 3T3-L1 fibroblast cell line was obtained from the American Tissue Culture Collection (ATCC, Manassas, VA, USA).
The cells were cultured in RPMI 1640 medium (Gibco, Waltham, MA, USA) supplemented with 10% fetal bovine serum
(Gibco, Waltham, MA, USA) and 1% penicillin-streptomycin (Gibco, Waltham, MA, USA). Cell culture was maintained
at 37°C in a CO, (5%) incubator.

Toxicity Test of C. nardus Ethanol Extract on 3T3-LI Cells Using MTT Assay

3T3-L1 cells (approximately 7500 cells) were incubated in a 96-well plate with various concentrations of C. nardus
ethanol extract (1-500 ppm) prepared in dimethyl sulfoxide (DMSO, 0.1%) for 24 h in triplicate. Next, 10 pL of
3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) reagent (Merck, USA) and 100 pL of RPMI
medium were added to each well, and the microplates were incubated in a 5% CO, incubator at 37°C for 4 h. After
incubation, 100 pL. of DMSO was added to dissolve the formazan crystals, and the absorbance of the mixture was
measured at 550 nm using a spectrophotometer (ThermoScientific ® Multiskan EX, Singapore).

Reactive Oxygen Species (ROS) Detection in 3T3-LI Cells Treated with C. nardus

Extract

To obtain the optimal concentration of C. nardus extract for subsequent experiments, its effect on ROS accumulation was
determined. Five groups were used in this assay: a negative control group (cells and media) and four treatment groups
incubated with various concentrations of C. nardus extract (1, 50, 100, and 300 ppm) for 24 h. Dichlorodihydrofluorescein
diacetate (DCFH-DA, 10 pM) was added to each group (100 pL) and incubated in the dark for 20 min. The solution was
then exposed to a light-emitting diode (LED) lamp with an optical power density of 5.43 mW/cm? for 20 min. Fluorescence
intensity was measured using a multifunction microplate reader at excitation and emission wavelengths of 488 and 525 nm,
respectively. Images were analyzed using the ImageJ software (NIH, Bethesda, MD, USA).

Effects of C. nardus Extract on Menadione-Induced Oxidative Stress in 3T3-LI Cells
To assess the antioxidant properties of C. nardus extract, its effects on menadione-induced oxidative stress were
investigated. Briefly, 3T3-L1 cells were treated with 6 pM of menadione. The administration of C. nardus extract was
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carried out by co-treatment with menadione and incubation for 24 h in a 5% CO, atmosphere at 37°C. Treatment with
N-acetylcysteine (NAC, 5 mm) and glutathione (GSH, 5 mm) served as positive controls.'* Cell viability was measured
using the MTT assay and Hypoxia Inducible Factor (HIF)-1a gene also measured using RT-PCR.

Effects of C. nardus Extract on LPS-Induced Inflammation in 3T3-LI Cells

To investigate the potential anti-inflammatory properties of C. nardus, 3T3-L1 cells were treated with LPS (1 ug/mL) and
the extract (100 ppm) for 24 hours.'® Cells were also treated with NAC (5 mm) as the positive control, while the vehicle-
treated group served as the control.'"* Gene expression of interleukin-6 (IL-6) and cyclooxygenase-2 (COX-2) was also

examined.

RT-PCR Analysis

Treated cells were harvested, and total RNA was isolated using the Qiagen RNeasy Mini Kit (Qiagen, Valencia, CA,
USA). mRNA expression levels were assessed by real-time polymerase chain reaction (PCR) (AgilentTechnologies,
USA) using the SensiFAST™ SYBR® No-ROX One-Step Kit (Meridian Biosciences) and sequence-specific primers on
an Agilent AriaMX PCR system (Agilent Technologies, USA). Primers were synthesized by Integrated DNA
Technologies (IDT, Singapore). Nucleotide sequences (5'-3") of the forward and reverse primers are listed in Table 1.
The PCR conditions were as follows: reverse transcription at 45°C for 10 min, followed by initial denaturation at 95°C
for 2 min, and 40 cycles of 95°C for 5 s and 60°C for 20s. Data were analyzed using the 2-AACT method, with the
housekeeping gene GAPDH serving as the internal control.

Statistical Analysis
Data are presented as mean + standard error of the mean (SEM). All experiments were conducted in triplicate (n=3) with
three independent biological replicates.

Statistical analysis was performed using the Shapiro—Wilk test to determine the distribution of data and Levene’s test
to determine the homogeneity of the data. If the data were normal and homogeneous, Post-hoc Tukey’s test was used.
However, if the data were normal but non-homogenous or Levene’s test could not provide meaningful results, Dunnett’s
T3 test was used. On the other hand, if the data were abnormal, a non-parametric test, namely, the Kruskal-Wallis test,

was used.

Results

Phytochemical Compounds of C. nardus Ethanol Extract
Table 2 shows the results of the phytochemical compound detection in C. nardus ethanol extract. C. nardus contains
phenolic compounds, tannins, flavonoids and alkaloids. In the flavonoid test, the results were positive only with the 10%

NaOH reagent. In the saponin test, C. nardus ethanol extract did not show the presence of this secondary metabolite.

Table | Forward and Reverse Primer for GADPH, HIF-10, IL-6, and COX-2

Groups Gene Forward Primer (5’ to 3’) Reverse Primer (5’ to 3’) References

GADPH | CAAGATCATCAGCAATGCCTCC | GCCATCACGCCACAGTTTCC [20]

Menadione-Induced | HIF-la GTAATGCTCCCCTCACCCAAC GTGCAGGGTCAGTACTTC

LPS-Induced IL-6 GGAGTCACACTCCACCT CTGATTGGAAACCTTATTAG [21]

COX-2 | TGAGCAACTATTCCAAACCAGC | GCACGTAGTCTTCGATCACTATC
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Table 2 Phytochemical Compounds of C. nardus
Ethanol Extract

Phytochemical Reagent Detection
Phenolics FeCl3 5% reagent +
Tannin FeCl3 1% reagent +
Flavonoids HCI + Mg reagent -

H,SO,4 2N reagent -

NaOH 10% reagent +
Saponin HCI 2N reagent -
Alkaloids Wagner reagent +

Antioxidant Activity of C. nardus Ethanol Extract

The DPPH scavenging activity of C. nardus ethanol extract showed an ICsq of 178.06 ppm, placing it in the medium
antioxidant category. A similar result was observed for SOD activity, with an ICso of 220 ppm. The range for moderate
antioxidant activity is 101-250 ppm.*

Cytotoxicity of C. nardus Ethanol Extract on 3T3-LI Cells
Figure 1 shows the viability of 3T3-L1 cells treated with various concentrations of C. nardus ethanol extract. Almost all
concentrations resulted in 100% cell viability, with the highest concentration tested (500 ppm) resulting in 91% viability.

The Effect of C. nardus Ethanol Extract Against ROS Accumulation in 3T3-L| Cells

Table 3 and Figure 2 show the observation and luminescence intensity representing ROS levels in cells exposed to
C. nardus ethanol extract. C. nardus ethanol extracts at 50, 100, and 300 ppm exhibited higher ROS accumulation than
the negative control. Notably, ROS accumulation increased in a concentration-dependent manner, with 300 ppm showing
a higher level of ROS than 100 ppm. Based on these findings, the extract was used at a concentration of 100 ppm for

further experiments.
100
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Figure | Viability of 3T3-LI cells exposed to various concentrations of C. nardus ethanol extract.
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Table 3 Fluorescence Intensity Data of ROS Accumulation in
C. nardus (CE) Ethanol Extract-Treated 3T3-LI Cells

Group Treatment Fluorescence Intensity
Negative Control | 3T3-LI Cell + Medium 9.42
Treatment 3T3-LI Cell + CEI 7.63

3T3-LI Cell + CE50 10.89

3T3-LI Cell + CEI00 18.01

3T3-LI Cell + CE300 37.19

Effect of C. nardus Ethanol Extract on the Viability of 3T3-L| Cells Exposed to Menadione
The effects of menadione and C. nardus ethanol extracts on 3T3-L1 cell viability are shown in Figure 3. Menadione treatment
significantly decreased cell viability compared to the control group (100% to 50.86 + 1.56%; p = 0.034; p < 0.05). However,
treatment with C. nardus ethanol extract significantly increased the viability of menadione-exposed cells (50.86 £ 1.56% to
100%; p = 0.034; p <0.05). The cell viability in the C. nardus ethanol extract-treated group was comparable to that observed in
the GSH- and NAC-treated groups (73.40 +4.97% and 82.70 + 1.17%, respectively), indicating that C. nardus ethanol extract
enhanced cell viability more effectively than the GSH and NAC treatments.

Effect of C. nardus Ethanol Extract on HIF-1a Gene Expression in Menadione-Induced
3T3-LI Cells

Exposure to menadione increased HIF-1a gene expression compared with that in the control group (p<0.05) (Figure 4).
This increase was prevented in cells treated with 100 ppm of C. nardus extract (p<0.05) and was almost completely

diminished in the NAC-treated group.

Figure 2 Observation of ROS accumulation in negative control (C) and C. nardus ethanol extract-treated 3T3-L| cells (CEl = extract at | ppm; CE50 = extract at 50 ppm;
CEI00 = extract at 100 ppm; CE300 = extract at 300 ppm).
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Figure 3 Viability of 3T3-LI cells exposed to menadione (Men) and treated with 100 ppm C. nardus (CE) ethanol extract, glutathione (GSH) or N-acetylcysteine (NAC).
*Significant different from control at p <0.05; *Significant different from menadione group at p <0.05.
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Figure 4 The effect of C. nardus ethanol extract (CE) and N-acetylcysteine (NAC) on HIF-la gene expression in menadione (Men)-induced 3T3-LI cells. *Significant
different at p <0.05.

Effect of C. nardus Ethanol Extract on IL-6 and COX-2 Gene Expression in LPS-Induced
3T3-LI Cells
Exposure to LPS resulted in a more than two-fold increase in IL-6 gene expression in 3T3-L1 cells compared to the control
group (Figure 5A). Treatment with C. nardus ethanol extract and NAC similarly decreased the expression compared to the
LPS group. IL-6 expression in the treated groups was similar to that in the control group. However, based on statistical
analysis, there is no significant different between all groups.

Exposure to LPS also led to a significant increase in COX-2 gene expression by nearly five-fold compared to the
control (p=0.023; p<0.05) (Figure 5B). Interestingly, C. nardus ethanol extract and NAC similarly mitigated this
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Figure 5 The Effect of C. nardus ethanol extract (CE, 100 ppm) and N-acetylcysteine (NAC) on (A) IL-6 and (B) COX-2 gene expression in LPS-induced 3T3-LI cells.
*Significant different at p <0.05.

elevation compared to the LPS group (p=0.021; p=0.016; p<0.05). However, COX expression in the C. nardus ethanol
extract- and NAC-treated groups was higher than that in the control group.

Discussion

Oxidative stress, primarily caused by the overproduction of reactive oxygen species (ROS), plays a pivotal role in the
pathogenesis of various inflammatory diseases.”> Excessive ROS production leads to cellular damage by oxidizing proteins,
lipids, and nucleic acids, thereby triggering inflammatory responses.”* In this context, antioxidants play a critical role by
neutralizing ROS, thus protecting cells from oxidative damage and reducing inflammation.”> One of the natural sources of
antioxidants is plants, and one that is known to have a rich antioxidant content is Cymbopogon nardus.*®

In our phytochemical screening, C. nardus ethanol extract was found to contain phenolic compounds, tannins, flavonoids,
and alkaloids. Previous studies have reported similar findings, and some studies detected the presence of saponins in C. nardus
ethanol extracts.'>?” Ethanol, being a moderately polar solvent, effectively extracts a range of polar to semi-polar compounds,
which likely accounts for the detection of both phenolic compounds and alkaloids.?® In different types of extracts, C. nardus
methanol extract contains flavonoids and triterpenoid phytochemicals, whereas C. nardus water extract contains alkaloids,
flavonoids, saponins, and triterpenoid phytochemicals.?* Methanol’s polarity can enhance the solubility of certain triterpe-
noids that might be less soluble in ethanol, while water extract reflects the high polarity of water and its capacity to extract
highly polar compounds such as saponins more effectively than ethanol or methanol.*~° This variation in compound
detection across solvents suggests that the choice of solvent plays a crucial role in determining the phytochemical profile of
C. nardus, with ethanol being particularly suitable for isolating a broad range of semi-polar compounds.

In a previous study, the ethanol (80%) extract of C. nardus obtained through dynamic maceration was reported to
contain 17.51 £+ 0.04 EP/g (pyrogallol equivalent mg/g extract) of total polyphenols, 11.58 + 0.06 EP/g of total tannins,
and 12.98 = 0.02 EQ/g (quercetin equivalent mg/g extract) (Chiamenti et al, 2019).>' Geraniol and 1.2-dimethoxy-
4-(1-propenyl)-benzene were identified as the major compounds in the ethanol extract of C. nardus leaves (Wahyuni et al,
2024).3> Meanwhile, the essential oil derived from C. nardus leaves was shown to contain citronellal (33.06%), geraniol
(28.40%), nerol (10.94%), elemol (5.25%), and delta-elemene (4.09%) (Bayala et al, 2020).%

In the current study, two types of antioxidant activities were evaluated: DPPH radical-scavenging activity and SOD
activity, each with distinct mechanisms and implications for combating oxidative stress. The DPPH assay was conducted
to assess the antioxidant capacity of the compounds in directly neutralizing free radicals. It is widely used as a quick
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measure of a compound’s potential to reduce oxidative damage through direct electron or hydrogen donation to stabilize
free radicals.>® The SOD activity indicates the compound’s potential to stimulate or enhance the activity of SOD, an
enzyme critical for endogenous antioxidant defense. By promoting SOD activity, compounds can contribute to the body’s
natural ability to convert superoxide radicals into less reactive species, supporting long-term cellular protection against
oxidative damage.”® Therefore, while DPPH-scavenging suggests immediate antioxidant action, SOD activity implies
a sustained defense by bolstering the body’s internal antioxidant systems.

C. nardus ethanol extract exhibited moderate antioxidant activity in terms of DPPH scavenging and SOD activity.
A previous study also reported that C. nardus essential oil fell into a moderate antioxidant category for DPPH scavenging with
ICso at 102.19 + 4.2 ppm,>* which was lower than the ICs, observed in our study. This indicates that the compounds in the
essential oil may possess better antioxidant properties than those in the ethanol extract. In that study, it was also shown that
C. nardus essential oil obtained from its leaves has modest antioxidant compared to the standard gallic acid with DPPH ICs,
value 0.11 + 0.04 pg for gallic acid and the antioxidant activity by the ABTS++ method value of 0.009 = 0.0004 uM TE/g
against 2.66 + 0.31 uM TE/g for the gallic acid. The antioxidant activity of C. nardus extract could be explained by its high
content of monoterpene aldehyde and monoterpene alcohol like citronellal, citronellol, and geraniol (Bayala et al, 2020).>?

Based on the viability percentage of over 90% in the current study, it can be concluded that C. nardus ethanol extract
up to 500 ppm is relatively less toxic to 3T3-L1 cells than the other reported plant extracts. For instance, a water extract
from the seeds of Phoenix dactylifera L. at concentrations higher than 2.5 mg/mL (equivalent to 2500 ppm) resulted in
a decrease in cell viability to less than 60%.> The relatively lower toxicity of C. nardus extract implies a higher potential
for safe application in formulations that require minimal cytotoxicity. This suggests that it could be well tolerated in
contexts where cell viability is crucial, such as in therapeutic products.

Based on the fluorescence intensity produced by DCFH oxidation by ROS, 3T3-L1 cells treated with 300 ppm
C. nardus ethanol extract produced the highest level of ROS in the cell line. The extract at this concentration led to the
highest ROS accumulation in the cell line, indicating that C. nardus ethanol extract induced oxidative stress in cells. High
concentrations of citronella and citronellol have been reported to induce the production of reactive oxygen species (ROS)
in cells. This phenomenon is likely due to their interaction with cellular membranes, leading to oxidative stress and
disruption of the redox balance (Lins et al, 2019).>” While citronellol and citronella are known for their antioxidant
properties at lower concentrations, excessive levels can trigger pro-oxidant effects, stimulating ROS generation and
potentially causing cellular damage in certain biological systems.

In this study, it was shown that moderate ROS accumulation was observed at 100 ppm and was selected for further
experiments. Moderate accumulation of ROS is often desired in studies exploring the potential therapeutic effects of plant
extracts, as ROS can trigger beneficial cellular responses such as apoptosis or autophagy, which are particularly relevant in
cancer therapy. The desired level of ROS accumulation should be sufficient to activate these cellular pathways without
overwhelming the cells or causing extensive damage. High ROS accumulation, which is beneficial in inducing cell death in
diseased cells, can also lead to cytotoxicity if levels become too elevated.*® Therefore, a concentration of 100 ppm was chosen
as it provided balanced ROS induction, ensuring more controlled and safer experimental conditions for further study.

Menadione is commonly used as an inducer of oxidative stress.’* By generating reactive oxygen species (ROS),
menadione can cause cells to become dysfunctional or die.***' C. nardus ethanol extract restored the viability of 3T3-L1
cells exposed to menadione, possibly through its ability of C. nardus ethanol extract to downregulate HIF-1a gene
expression. HIF-1a is one of several target genes activated by reactive oxygen species (ROS), plays a crucial role in the
cellular response to hypoxic conditions, and is linked to oxidative stress and inflammation.'*** The phytochemical
compounds in the extract likely suppress oxidative stress-related pathways, thereby mitigating cellular damage. These
compounds have been reported to possess good antioxidant property.’ The antioxidant property of the extract is
evidenced by their ROS-scavenging capacity and their ability to increase superoxide dismutase activity.

LPS is frequently employed to induce inflammation.** It effectively inducing a strong inflammatory response by
enhancing COX-2 activity, which then triggers the production of pro-inflammatory cytokines such as IL-6.*> The anti-
inflammatory effects of C. nardus ethanol extract were evidenced by the downregulation of COX-2 and IL-6 gene expression
in LPS-induced cells. In line with other in vitro studies, the methanol extract of lemongrass from the Cymbopogon genus has

Journal of Inflammation Research 2025:18 hetps: 2133



Rohmawaty et al

been shown to reduce IL-6 levels in macrophage cells,*® whereas lemongrass oil decreased COX-2 mRNA expression in
human macrophage-like U937 cells.*’

COX-2 plays a key role in the inflammatory pathway, leading to the production of prostaglandin E2 (PGE2), an important
mediator of inflammation. In contrast, IL-6 expression is regulated by multiple pathways, some of which are not directly involved
in COX-2 expression. For instance, its expression can be modulated via ROS-dependent mechanisms through nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-kB) activation, which can occur independently of COX-2.**#° The extract of
C. nardus may contain bioactive compounds that specifically inhibit the COX-2 signaling pathway, resulting in a decrease in
PGE2 production, while certain compounds may also inhibit IL-6 expression. These findings suggest that C. nardus extract
modulates inflammatory responses through multiple mechanisms.

Conclusion

Cymbopogon nardus exerts antioxidant and anti-inflammatory activities by suppressing HIF-1a expression in menadione-
induced cells and reducing COX-2 and IL-6 gene expression in LPS-induced cells. The protective effects of the extract
are likely attributable to the presence of various phytochemicals including phenolics, tannins, flavonoids, and alkaloids.
Therefore, C. nardus has the potential to serve as a natural antioxidant through DPPH and SOD activity and an anti-
inflammatory agent through HIF-1a, IL-6, and COX-2 pathway. Further analysis using additional antioxidant and anti-
inflammatory parameters, as well as in vivo studies, is recommended to confirm the potential, mechanism of action, and
potential physiological implications of Cymbopogon nardus extract.
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