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Abstract

Polyscias scutellaria (PS), an increasingly recognized botanical marvel, has emerged as a remarkable reservoir of natural antioxidants and
anti-inflammatory compounds, holding immense potential for enhancing health and promoting overall well-being. In this comprehen-
sive investigation, we meticulously examined the multifaceted properties of PS through various parameters, including DPPH scavenging
activity, total phenol, and total flavonoid content in its ethanol extract (EEPS), ethyl acetate extract (EAPS), and n-hexane extract (nhPS).
Additionally, we conducted in-depth assessments of cellular responses to EEPS and EAPS, encompassing cell viability, nitric oxide (NO)
production, and the modulation of pivotal pro-inflammatory cytokines, such as tumor necrosis factor-a (TNF-a), interleukin-6 (IL-
6), interleukin-1p (IL-1p), and interleukin-12 (IL-12), utilizing the RAW 264.7 cell line as a model system.Our findings illuminate the
exceptional antioxidant prowess of PS extracts, with EEPS, EAPS, and nhPS displaying noteworthy DPPH scavenging activities. These
results underscore their potential in quenching harmful free radicals and mitigating oxidative stress. Furthermore, our investigation un-
veils the promising anti-inflammatory attributes of EEPS and EAPS, as evidenced by their capacity to preserve cellular viability, dampen
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NO production, and suppress the secretion of critical pro-inflammatory mediators (TNF-q, IL-6, IL-1B, and IL-12) in RAW 264.7 cells.

These remarkable anti-inflammatory effects hint at the therapeutic potential of PS in ameliorating chronic inflammatory conditions and

bolstering the body’s immune response.In conclusion, Polyscias scutellaria stands as an emerging botanical champion, offering a wealth of

natural antioxidants and anti-inflammatory compounds that hold great promise for optimizing health and well-being. This study opens

exciting avenues for future research to elucidate the precise bioactive constituents within PS and unravel their intricate mechanisms of

action, paving the way for the development of innovative therapeutic interventions and wellness-enhancing products. The remarkable

properties of PS underscore its potential as a cornerstone of holistic health and a valuable asset in the pursuit of a vibrant and balanced life.

Graphical abstract
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Introduction

Generate oxidative stress in biological systems, reac-
tive oxygen species (ROS) and reactive nitrogen species
(RNS) are important in the pathophysiology of many
chronic degenerative diseases. ROS and RNS levels rise
above normal, causing oxidative stress. Thus, antioxidant
systems cannot balance this discrepancy, resulting in un-
paired free radicals (Hussain et al. 2016). In response to
electron transport chain or Calvin process disturbances,
plants produce reactive oxygen species (ROS) such as su-
peroxide anion radical (O*"), singlet oxygen (O,), hydrox-
ide (HO"), and hydrogen peroxide (H,0,). RNS are nitric
oxide-derived molecules with strong oxidative activity.
The main reactive nitrogen species (RNS) are NO+, NO-,
NO2, NO3, N203, ONOO—-, NO2—-, NO3—, and HNO
(Gill et al. 2010; Bondia-Pons et al. 2012; Halim et al.
2022). Both endogenous and external variables promote
ROS and RNS production. Endogenous factors origi-
nate from biochemical processes in cellular enzymatic
and nonenzymatic pathways. Exogenous factors include
pollution, alcohol, drug usage, radiation, and food. Free
radicals in cells are connected to aging and many chron-
ic diseases, including cancer and diabetes (Greten and
Grivennikov 2019; Hirano 2021; Soehnlein and Libby
2021; Syahputra et al. 2022). Through electron donation
to eliminate reactive oxygen species (ROS), antioxidant
compounds reduce oxidative stress. Additionally, chronic
illnesses often cause inflammation. Cells initiate inflam-

mation to fight infections or repair tissue damage. An
acute inflammatory response is caused by the immune
system. In some diseased situations, the effect may last a
long time, affecting cellular function. Chronic inflamma-
tion can damage macromolecules, DNA, and tissues and
increase ROS and RNS, which increase oxidative stress
(Liu et al. 2021). Most anti-inflammatory assays quanti-
fy proinflammatory proteins and associated compounds
like interleukins, tumor necrosis factor alpha, and cy-
tokines (Tuttle et al. 2020). Inflammation is an adaptive
physiological response to adverse stimuli and conditions
including infection and tissue damage (Rohm et al. 2022).
Numerous studies have shown strong and complex links
between oxidative stress and inflammation (Al Band-
er et al. 2020). Immune cell activation and impairment
depend on intracellular redox changes. Similar to phy-
tochemicals, many secondary metabolites in plants have
redox-modulating properties. They effectively modulate
the inflammatory response, according to recent investi-
gations (Murphy et al. 2020). Due to their radical scav-
enging and direct antioxidant effects on cellular macro-
molecules, these chemicals were once considered “health
promoting” (Steven et al. 2019). It is now known that these
chemicals can impair cell activity by intercepting reactive
species in vital cell signaling pathways. Recent discover-
ies have illuminated the molecular connections between
these chemicals and enzymes, receptors, and transcrip-
tion factors (Hahad et al. 2019). The anti-inflammatory
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properties of flavonoids are well known. Flavonoids’ an-
ti-inflammatory benefits depend on their structure. The
chemical has a planar ring with unsaturated carbons C2
and C3. The hydroxyl groups’ position is crucial to the
distinctive trait. According to prior studies (Den et al.
2020), the B-ring’s anti-inflammatory effect depends on
the hydroxyl group at the 3" and 4’ positions. Apigenin, a
flavonoid, has been shown to lower TNF-a mRNA levels
in steady-state. This reduces endothelial cell expression of
ICAM-1, E-selectin, and VCAM-1. Cells pretreated with
apigenin showed inhibition of TNF-a-induced IL-1p, IL-
6, and prostaglandin E,. Previosuldy study found that
some flavonoids reduced pro-inflammatory cytokines,
such as IL-6, IL-8, TNF-q, IL-1B, and MCP-1, in RAW
macrophages, peripheral blood mononuclear cells, and
Jurkat T cells (Rapa et al. 2019). The inhibition of IL-1f
and TNF-a by catechins and quercetin may increase the
production of IL-10, an anti-inflammatory molecule (Ta-
brizi et al. 2019). Polyscias scutellaria Fosberg is an Indo-
nesian plant used in traditional medicine to treat breast
discomfort, wounds, urinary tract issues, and body odor
(Rosa et al. 2019; Budiono et al. 2021). This study aim to
explore the antioxidant and antiinflammatory activities
of Polyscias scutellaria (PS) extract and fraction.

Material and methods

Materials

Polyscias scutellaria were collected from the Faculty of
Pharmacy, Universitas Sumatera Utara, Indonesia (coordi-
nates 30°33'36.5"N, 98°039'12.5"E), ethanol 96% were pur-
chased from bratachem Medan, n-hexane were purchased
from bratachem Medan, etyhl acetate were purchased from
bratachem Medan, 2,2-diphenyl-1-picrylhydrazyl (DPPH)
were purchased from sigma aldrich, Tris-HCI buffer (pH
7.4) were purchased from sigma aldrich, Gallic acid were
purchased from sigma aldrich, Gallic acid were purchased
from sigma aldrich, phosphate-buffered saline (PBS) were
purchased from sigma aldrich, lipopolysaccharide (LPS)
were purchased from sigma aldrich, 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were
purchased from sigma aldrich, sodium nitrite (NaNO,)
were purchased from sigma aldrich, tumor necrosis fac-
tor-a (TNF-a), interleukin (IL)-6, IL-1B, and IL-12 were
purchased from ABclonal Wuhan, China.

Extract preparation

The total gram of dry of Polyscias scutellaria (PS) is 700 g
in a powder that was macerated with 10 L n-hexane. First-
ly the powder was dried and dissolved with Ethyl acetate
for three days then stirred occasionally at a room-tem-
perature. Lastly, the powder was dried and dissolved with
Ethanol for three days stirred occasionally at a room tem-
perature. Each filtrate was collected and evaporated un-
der pressure.

Antioxidant activity of PE by DPPH sca-
vanging activity

The assessment of the antioxidant activity of the ex-
tracts encompassed the amalgamation of approximately
1.0 mL of a 0.1 M solution of 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) with 0.9 mL of a 50 mM Tris-HCI buffer
(pH 7.4). Subsequently, a volume of 0.1 mL was added to
the combination, which could either consist of the sam-
ple extract or deionized water serving as a reference. The
resulting solution underwent complete homogenization
and was thereafter incubated at room temperature for a
duration of 30 minutes. Following the incubation period,
the absorbance was quantified utilizing a UV-Vis spectro-
photometer set at a specific wavelength of 517 nm.

The calculation of the DPPH scavenging activity was
performed using the following formula:

. (Absorbance control — Absorbance sample )
DPPHscavenging (%) =

l 0,
(Absorbance control ) X 100%

Total phenolic compound

The determination of total phenolic content (TPC) was
performed using the Folin-Ciocalteu technique. In this ex-
periment, a 20 pL aliquot of the desiccated sample-extract
solution, which had been produced in a methanol solution
at a weight-to-volume ratio of 1:10, was combined with
1.58 mL of distilled water and 100 uL of the Folin-Ciocal-
teu reagent. Subsequently, a 5% sodium carbonate solution
with a volume of 300 uL was introduced into the mixture.
Following this, the resulting solution was exposed to a con-
trolled environment with limited light, while being kept at
a constant temperature of 25 °C, for a duration of 2 hours.
The measurement of absorbance was conducted at a spe-
cific wavelength of 765 nm. Additionally, a control sample
was created by employing distilled water in accordance
with the identical approach. The determination of the over-
all phenolic content (TPC) was performed by employing
gallic acid equivalents (GAE) and quantified in milligrams
per gram of dry extract. The calibration curve was gener-
ated by employing solutions of Gallic acid with varying
concentrations (5, 10, 20, 40, and 80 mg/L). The calculated
coeflicient of determination (R2) was found to be 0.9871.

Total flavonoid compound

The determination of total flavonoid content (TFC) was con-
ducted using a simplified methodology. The experimental
procedure involved combining 1 mL of the extract with 300
uL of a 5% NaNO2 solution and 300 pL of a 10% aluminum
chloride solution. The resulting combination was then sub-
jected to incubation at a temperature of 25 °C for a duration
of 5 minutes. Subsequently, a 2 mL aliquot of a 1 N sodium
hydroxide solution was introduced into the amalgamation.
The solution was diluted with water in order to achieve a final
volume of 10 mL. Subsequently, it was exposed to agitation
using a vortex mixer to ensure thorough homogenization.
The measurement of absorbance was conducted at a specific
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wavelength of 510 nm. A calibration curve was established
in order to ascertain the content of catechin, yielding a co-
efficient of determination (R2) value of 0.974. The determi-
nation of the total flavonoid content (TFC) in the sample
was conducted by quantifying it in milligrams of equivalents
(CE) per gram of sample, utilizing the dry weight.

Cell culture

The RAW 264.7 cell line, which originates from murine
macrophages, was cultivated in Dulbecco’s Modified Eagle’s
Medium (Welgene, Gyeongsan-si, Gyeongsangbuk-do, Ko-
rea) supplemented with 10% fetal bovine serum (Welgene),
100 U/mL penicillin, and 100 pg/mL streptomycin (Gibco,
Grand Island, NY, USA). The cells underwent incubation
at a temperature of 37 °C within a regulated humidity envi-
ronment and a carbon dioxide concentration of 5%.

Cell viability assay

The RAW 264.7 cell line was cultured by inoculating them
overnight in a 96-well plate at a density of 5x 104 cells per
well. A volume of 100 pL of cell culture medium was add-
ed to each well. The cells were exposed to various doses of
PE, spanning from 0 to 250 pug/mL, during a duration of
4 hours. Following this, the cells were washed with cold
phosphate-buffered saline (PBS) and subsequently exposed
to lipopolysaccharide (LPS) obtained from Sigma-Aldrich,
a business headquartered in St. Louis, MO, USA, at a con-
centration of 1 ug/mL. The duration of the session of stimu-
lation lasted for a total of 20 hours. A 10 microliter amount
of a solution containing 5 mg/mL of 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Sig-
ma-Aldrich) was added to each well. Following a time pe-
riod of 5 hours, a quantity of 100 uL of a hydrochloric acid
(HCI) solution with a concentration of 0.04 N, dissolved in
isopropanol, was added. The quantification of live cells was
performed by measuring the optical density at a wavelength
of 540 nm using an EMax microplate reader produced by
Molecular Devices, situated in Sunnyvale, CA, USA.

Measurement of NO production

The RAW 264 cell line is frequently employed as a murine
macrophage cell line in the field of biomedical research.A
total of seven cells were exposed to ALE treatment for a
period of four hours. After the completion of the afore-
mentioned treatment, the cells were subjected to a cold
phosphate-buffered saline (PBS) rinse. Subsequently, the
cells were stimulated with lipopolysaccharide (LPS) for a
duration of 20 hours. Subsequently, a quantity of 50 mi-
croliters of culture supernatant was acquired and mixed
with an equivalent volume of Griess reagent, sourced
from Sigma-Aldrich. The optical density was measured at
a wavelength of 540 nm. The quantification of nitric ox-
ide (NO) production was conducted using sodium nitrite
(NaNO,) sourced from Junsei Chemical CO., a company
situated in Chuo-ko, Tokyo, Japan. This was done to estab-
lish a standard reference curve for nitrite.

ELISA analysis of tumor necrosis fac-
tor-a (TNF-a), interleukin (IL)-6, IL-13,
and IL-12

RAW 264.7 cells were treated with OS and incubated for
48 h. The supernatant was collected by centrifugation
(15,000 rpm, 10 min, 4 °C). The immunomodulatory
effects of OS in RAW 264.7 cells were evaluated by ELI-
SA. The concentrations of cytokines (IL-1p, IFN-y, and
TNF-a) in the cell supernatant were measured by IL-1§
(ab197742), IFN-y (ab282874), and TNF-a (ab285327)
according to each ELISA kit manual, respectively. An
amount of 50 pL of supernatant and 50 uL of cytokine an-
tibody cocktail were added into a 96 well plate coated with
antibody and were incubated at RT for 1 h. The plate was
washed three times and 100 pL of TMB solution was add-
ed to each well. It reacted for 10 min and the reaction was
stopped with 100 pL of a stop solution. The absorbance
was measured at 450 nm using a microplate reader (Mo-
lecular Devices). Each cytokine concentration was calcu-
lated by a standard curve.

Statistical analysis

Data were presented as the mean +Standard error of
means (SEM). GraphPad Prism (version 10) was used for
statistical analysis of all data. T-test was used to compare
the in vitro antioxidant activities of extract and fractions.
For all other data, the one-way analysis of variance (ANO-
VA) followed by Dunnet’s post hoc test was used to com-
pare the means of one group with every other group. The
correlation coefficient was calculated using Microsoft of-
fice Excel 2010. Statistical significance was set at 5% thus p
value <0.05 was considered significant.

Result

Antioxidant activity of extract and frac-
tion of Polyscias scutellaria(PS)

The DPPH method is widely recognized as a prominent
technique for evaluating antioxidant activity in vitro. The
scavenging activities of AS on the DPPH radical were
compared with those of VC, as depicted in Fig. 1. At the
minimum concentration of 15.625 ug/mL, AS exhibited a
scavenging effect of 20.95% for DPPH. Furthermore, it was
observed that the scavenging activity exhibited an upward
trend as the concentration of the AS extract rose. This
finding suggests a strong correlation between the scaveng-
ing effect and the concentration of extract and fraction of
PS. These rates were shown to be higher than the DPPH
radical scavenging activity exhibited by VC at equivalent
doses. Vitamin C (VC) is widely acknowledged for its po-
tent antioxidant properties. In contrast to VC, our analysis
suggests that AS exhibits notably potent scavenging prop-
erties against DPPH free radicals. The antioxidant capaci-
ty of VC>EEPS>EAPS>nhPS respectively (12.31 mg/mL>
46.28 mg/mL> 52.67 mg/mL> 72.33 mg/mL.
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DPPH scavanging activity of extract and fractions of PS
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Figure 1. In vitro DPPH scavenging activities of ethanol extract
of PS (EEPS), ethyl acetate of PS (EAPS), n-hexane of PS (nhPS),
and Vitamin C (VC). (ns : non-significant; * p<0,05; ** p<0,001;
04 5<0,0001).

Total phenol in extract and fraction of
Polyscias scutellaria(PS)

Table 1 shows the total phenolic content in the extracts and
fractions of PS. Total phenolic content was measured for
Ethanol extraxct of PS (EEPS), Ethyl acetat of PS (EAPS),
and n-hexane of PS (nhPS). Among the extracts and frac-
tions of PS, the highest phenolic content was found in the
EAPS extract (289.813 + 11.381 mg GAE/g dried extract)
followed by EEPS (250,284 + 9.381 mg GAE/g dried ex-
tract) and nhPS (20.41 + 2.34) mg GAE/g dried extract).
The total flavonoids content in the PS extracts are shown
in Table 1.

Table 1. The result of total phenolin extract and fraction of Poly-
scias scutellaria (PS).

No. Sample Total phenolic content (mg GAE/g)
1. Ethanol extraxct of PS (EEPS) 250.284 +9.381

2. Ethyl acetat of PS (EAPS) 289.813 +11.381

3. n-hexane of PS (nhPS) 20.41 +2.34

Total Flavonoid in extract and fraction
of Polyscias scutellaria (PS)

The concentrations of total flavonoids in Ethanol extraxct
of PS (EEPS), Ethyl acetat of PS (EAPS), and n-hexane
of PS (nhPS) were quantified, with values ranging from
5.1 to 25.4 mg/g flavonoids. According to the data pre-
sented in Table 2, the total flavonoid content followed
a similar pattern, with the highest content observed in
Ethanol extraxct of PS (EEPS), followed by the Ethyl ac-
etat of PS (EAPS), and finally the n-hexane of PS (nhPS)
which are.

Table 2. The result of total flavonoidin extract and fraction of
Polyscias scutellaria (PS).

No. Sample IC,, (mg/mL)
1. Ethanol extraxct of PS (EEPS) 254 +2.18

2. Ethyl acetat of PS (EAPS) 20.38 £ 1.28
3. n-hexane of PS (nhPS) 5.18 £ 0.817

Effect of extract and fraction of
Polyscias scutellaria(PS) on the Viability
and NO production on RAW 264.7 Cells

To examine the cytotoxic effects of EEPS and EAPS de-
rivatives on RAW 264.7 cells, the viability of the cells
was assessed by the utilization of the 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test.
The cells were subjected to treatment with various con-
centrations of PE (0, 10, 20, 30, 40, and 50 pg/mL) and
LPS (1 ug/mL), followed by incubation for a duration of
24 hours to assess absorbance levels. Consequently, no
notable distinctions were observed between the untreat-
ed control group and the group treated with PE in RAW
264.7 cells. Consequently, it was determined that the treat-
ed doses of PE exhibited no harmful effects. Subsequently,
more investigations were carried out employing the con-
centrations of 100, 300, 500, and 700 uM. To investigate
the impact of PE on the production of nitric oxide (NO),
cellular samples were subjected to pre-treatment with
varying concentrations (0, 10, 20, 30, 40, and 50 pg/mL) of
each PE for a duration of 1 hour. Following this pre-treat-
ment, the cells were subsequently stimulated with lipo-
polysaccharide (LPS) at a concentration of 1 pg/mL for a
period of 24 hours. The cells that were solely treated with
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Figure 2. Cytotoxicity of PE on RAW 264.7 macrophage cells
in the presence of LPS. Cells were treated with various concen-
trations of EEPS and EAPS (10, 20, 30, 40, and 50 ug/mL) for
24 h followed by LPS (1 pg/mL). While the effect of PE in NO
production RAW 264.7 macrophage cells pre-treated with 10,
20, 30, 40, and 50 pg/mL PE for 1 hours and subsequently simu-
lated with LPS) at a concentration of 1 ug/mL for a period of 24
hours. (ns : non-significant; * p<0,05; ** p<0,001; *** p<0,0001).
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LPS exhibited a significant increase in the generation of
nitric oxide (NO) in comparison to the cells that were not
treated and served as the control group. Nevertheless, the
application of PE resulted in a concentration-dependent
reduction in NO generation.

Effect of extract and fraction of
Polyscias scutellaria(PS) on pro-inflam-
matory cytokines

The RAW 264.7 cell line consists of macrophages, which
are essential in the modulation of inflammatory condi-
tions. In this study, we examined the potential of EEPS
and EAPS to modulate the inflammatory response of
macrophages upon exposure to LPS stimulation. The
ELISA technique was employed to assess the quantity of
tumor necrosis factor-a (TNF-a), interleukin (IL)-6, IL-
1B, and IL-12 in the supernatants obtained from cells that
were subjected to different doses of AL extract and stim-
ulated with LPS for 24 hours. The findings of this study
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Figure 3. The effect of EEPS and EAPSin RAW 264.7 macro-
phage cells in the presence of LPS on tumor necrosis factor-a
(TNF-a), interleukin (IL)-6, IL-1B, and IL-12. Cells were treated
with various concentrations of EEPS and EAPS (40, and 50 pg/
mL) for 24 h followed by LPS (1 ug/mL. (ns : non-significant; *
p<0,05; ** p<0,001; ** p<0,0001).

demonstrated that treatment with EEPS and EAPS extract
effectively suppressed the secretion of tumor necrosis
factor-a (TNF-a), interleukin (IL)-6, IL-1p, and IL-12 in
RAW?264.7 cells stimulated with LPS. The reported inhib-
itory effects of the EEPS and EAPS extract were found to
be depending on the concentration. The findings of this
study indicate that EEPS and EAPS, which is rich in quer-
cetin, may have the potential to inhibit the synthesis and
release of inflammatory mediators and cytokines from
RAW 264.7 cells that have been activated with LPS.

Discussion

Polyscias scutellaria (PS) is increasingly gaining recogni-
tion as a natural source of antioxidants and anti-inflam-
matory compounds that can significantly impact human
health and wellness. In this study, we explored various
parameters to comprehensively assess the potential health
benefits of PS, including its DPPH scavenging activity,
total phenol content, and total flavonoid content in dif-
ferent extracts (EEPS, EAPS, and nhPS). Additionally, we
delved into the effects of EEPS and EAPS on cell viability,
nitric oxide (NO) production, and the secretion of crit-
ical pro-inflammatory cytokines (TNF-a, IL-6, IL-1f,
and IL-12) using the RAW 264.7 cell line. The remarkable
DPPH scavenging activity observed in PS extracts high-
lights its inherent ability to neutralize free radicals and
oxidative stress. Among the extracts tested, EEPS, EAPS,
and nhPS demonstrated significant antioxidant potential,
with EEPS exhibiting the highest scavenging activity. This
finding suggests that PS could serve as an effective natural
defense against oxidative damage, which is implicated in
various chronic diseases, including cancer, cardiovascular
diseases, and neurodegenerative disorders (Abd El-Hack
et al. 2020; Chandra et al. 2020; Gulcin 2020; Forman
and Zhang 2021; Munteanu and Apetrei 2021). The total
phenol and total flavonoid content in PS extracts further
support its antioxidant capacity. Phenolic compounds and
flavonoids are well-known for their free radical scaveng-
ing properties. These findings underscore the richness of
PS in bioactive compounds that can contribute to overall
health by combatting oxidative stress and reducing the
risk of chronic diseases associated with oxidative damage.
Inflammation plays a pivotal role in the pathogenesis of
numerous diseases, and the ability of PS extracts to mod-
ulate inflammation is a significant discovery. EEPS and
EAPS were found to exhibit notable anti-inflammatory
effects in RAW 264.7 cells. These effects were observed
through the suppression of NO production and the down-
regulation of pro-inflammatory cytokines (TNF-qa, IL-6,
IL-1p, and IL-12). The inhibition of NO production is par-
ticularly significant as excessive nitric oxide is associated
with chronic inflammation and tissue damage. The ability
of PS extracts to reduce NO levels indicates their poten-
tial in mitigating inflammation and its detrimental con-
sequences. The downregulation of pro-inflammatory cy-
tokines (TNF-a, IL-6, IL-1pB, and IL-12) is also promising.
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These cytokines are key mediators of the inflammatory
response, and their excessive secretion is linked to various
inflammatory diseases. The ability of PS extracts to mod-
ulate their expression suggests a potential therapeutic role
in managing conditions characterized by chronic inflam-
mation (Stringham et al. 2019; Darabi et al. 2020; He et
al. 2020; Taherkhani et al. 2020; Guazelli et al. 2021). The
findings of this study highlight the multifaceted health
benefits of Polyscias scutellaria. Its antioxidant properties
can help protect cells and tissues from oxidative damage,
potentially reducing the risk of chronic diseases associ-
ated with oxidative stress. Moreover, its anti-inflamma-
tory effects suggest a role in managing and preventing
inflammatory conditionsAs we delve deeper into the
mechanisms and bioactive compounds responsible for

References

Abd El-Hack ME, El-Saadony MT, Shafi ME, Zabermawi NM, Arif M,
Batiha GE, Khafaga AF, Abd El-Hakim YM, Al-Sagheer AA (2020)
Antimicrobial and antioxidant properties of chitosan and its deriv-
atives and their applications: A review. International Journal of Bi-
ological Macromolecules 164: 2726-2744. https://doi.org/10.1016/].
ijbiomac.2020.08.153

Al Bander Z, Nitert MD, Mousa A, Naderpoor N (2020) The gut micro-
biota and inflammation: An overview. International Journal of En-
vironmental Research and Public Health 17(20): e7618. https://doi.
org/10.3390/ijerph17207618

Bondia-Pons I, Ryan L, Martinez JA (2012) Oxidative stress and in-
flammation interactions in human obesity. Journal of Physiology
and Biochemistry 68: 701-711. https://doi.org/10.1007/s13105-012-
0154-2

Budiono B, Pertami SB, Arifah SN, Lestari SR (2021 [May]) Molecular
docking analysis of Polyscias scutellaria active compounds as an in-
hibitor of dopamine D2 receptors to increase prolactin secretion.
In AIP Conference Proceedings 2353: €¢030034. [AIP Publishing]
https://doi.org/10.1063/5.0052655

Chandra P, Sharma RK, Arora DS (2020) Antioxidant compounds
from microbial sources: A review. Food Research International 129:
€108849. https://doi.org/10.1016/j.foodres.2019.108849

Darabi P, Khazali H, Mehrabani Natanzi M (2020) Therapeutic poten-
tials of the natural plant flavonoid apigenin in polycystic ovary syn-
drome in rat model: Via modulation of pro-inflammatory cytokines
and antioxidant activity. Gynecological Endocrinology 36(7): 582
587. https://doi.org/10.1080/09513590.2019.1706084

Den H, Dong X, Chen M, Zou Z (2020) Efficacy of probiotics on cog-
nition, and biomarkers of inflammation and oxidative stress in
adults with Alzheimer’s disease or mild cognitive impairment-A
meta-analysis of randomized controlled trials. Aging 12(4): e4010.
https://doi.org/10.18632/aging.102810

Forman HJ, Zhang H (2021) Targeting oxidative stress in disease:
Promise and limitations of antioxidant therapy. Nature Reviews
Drug Discovery 20(9): 689-709. https://doi.org/10.1038/s41573-
021-00233-1

Gill R, Tsung A, Billiar T (2010) Linking oxidative stress to inflamma-
tion: Toll-like receptors. Free Radical Biology and Medicine 48(9):
1121-1132. https://doi.org/10.1016/j.freeradbiomed.2010.01.006

these effects, the development of PS-based supplements
and pharmaceuticals for health and wellness becomes an
exciting prospect. Harnessing the potential of PS could
lead to innovative interventions for a wide range of health
conditions, ultimately contributing to improved quality of
life and well-being. However, further research is needed to
isolate and characterize the specific compounds responsi-
ble for these effects and to understand their mechanisms
of action fully.

Acknowledgements

The author thank to sasniwatihasibuan for assisting the
research experiment.

Greten FR, Grivennikov SI (2019) Inflammation and cancer: Triggers,
mechanisms, and consequences. Immunity 51(1): 27-41. https://doi.
org/10.1016/j.immuni.2019.06.025

Guazelli CF, Fattori V, Ferraz CR, Borghi SM, Casagrande R, Bara-
cat MM, Verri Jr WA (2021) Antioxidant and anti-inflammatory
effects of hesperidin methyl chalcone in experimental ulcerative
colitis. Chemico-Biological Interactions 333: €109315. https://doi.
0rg/10.1016/j.cbi.2020.109315

Gulcin 1 (2020) Antioxidants and antioxidant methods: An updat-
ed overview. Archives of Toxicology 94(3): 651-715. https://doi.
org/10.1007/500204-020-02689-3

Hahad O, Lelieveld J, Birklein F, Lieb K, Daiber A, Miinzel T (2020)
Ambient air pollution increases the risk of cerebrovascular and
neuropsychiatric disorders through induction of inflammation and
oxidative stress. International Journal of Molecular Sciences 21(12):
€4306. https://doi.org/10.3390/ijms21124306

Halim B, Syahputra RA, Adenin I, Lubis HP, Mendrofa F, Lie S, Nugraha
SE (2022) Determination of phytochemical constituent, antioxidant
activity, total phenol and total flavonoid of extract ethanol Phyllan-
thus emblica fruit. Pharmacognosy Journal 14(1): 63-67. https://doi.
org/10.5530/p}.2022.14.9

He X, Li W, Xie Y, Zhao Y (2020) Long-term inhibition of dipepti-
dyl-peptidase 4 reduces islet infiltration and downregulates IL-1§
and IL-12 in NOD mice. International Immunopharmacology 88:
€106945. https://doi.org/10.1016/.intimp.2020.106945

Hirano T (2021) IL-6 in inflammation, autoimmunity and cancer.
International Immunology 33(3): 127-148. https://doi.org/10.1093/
intimm/dxaa078

Hussain T, Tan B, Yin Y, Blachier F, Tossou MC, Rahu N (2016) Oxida-
tive stress and inflammation: what polyphenols can do for us? Oxi-
dative Medicine and Cellular Longevity 2016: €7432797. https://doi.
org/10.1155/2016/7432797

Liu X, Xia S, Zhang Z, Wu H, Lieberman J (2021) Channelling inflam-
mation: gasdermins in physiology and disease. Nature Reviews Drug
Discovery 20(5): 384-405. https://doi.org/10.1038/s41573-021-
00154-z

Munteanu IG, Apetrei C (2021) Analytical methods used in determin-
ing antioxidant activity: A review. International Journal of Molecular
Sciences 22(7): €3380. https://doi.org/10.3390/ijms22073380


https://doi.org/10.1016/j.ijbiomac.2020.08.153
https://doi.org/10.1016/j.ijbiomac.2020.08.153
https://doi.org/10.3390/ijerph17207618
https://doi.org/10.3390/ijerph17207618
https://doi.org/10.1007/s13105-012-0154-2
https://doi.org/10.1007/s13105-012-0154-2
https://doi.org/10.1063/5.0052655
https://doi.org/10.1016/j.foodres.2019.108849
https://doi.org/10.1080/09513590.2019.1706084
https://doi.org/10.18632/aging.102810
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1038/s41573-021-00233-1
https://doi.org/10.1016/j.freeradbiomed.2010.01.006
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1016/j.immuni.2019.06.025
https://doi.org/10.1016/j.cbi.2020.109315
https://doi.org/10.1016/j.cbi.2020.109315
https://doi.org/10.1007/s00204-020-02689-3
https://doi.org/10.1007/s00204-020-02689-3
https://doi.org/10.3390/ijms21124306
https://doi.org/10.5530/pj.2022.14.9
https://doi.org/10.5530/pj.2022.14.9
https://doi.org/10.1016/j.intimp.2020.106945
https://doi.org/10.1093/intimm/dxaa078
https://doi.org/10.1093/intimm/dxaa078
https://doi.org/10.1155/2016/7432797
https://doi.org/10.1155/2016/7432797
https://doi.org/10.1038/s41573-021-00154-z
https://doi.org/10.1038/s41573-021-00154-z
https://doi.org/10.3390/ijms22073380

1470

Muhar AM et al.: Polyscias scutellaria

Murphy SP, Kakkar R, McCarthy CP, Januzzi Jr JL (2020) Inflamma-
tion in heart failure: JACC state-of-the-art review. Journal of the
American College of Cardiology 75(11): 1324-1340. https://doi.
org/10.1016/j.jacc.2020.01.014

Rapa SE, Di Iorio BR, Campiglia P, Heidland A, Marzocco S (2019) In-
flammation and oxidative stress in chronic kidney disease—potential
therapeutic role of minerals, vitamins and plant-derived metabolites.
International Journal of Molecular Sciences 21(1): e263. https://doi.
org/10.3390/ijms21010263

Rohm TV, Meier DT, Olefsky JM, Donath MY (2022) Inflammation
in obesity, diabetes, and related disorders. Immunity 55(1): 31-55.
https://doi.org/10.1016/j.immuni.2021.12.013

Rosa D, Halim Y, Kam N, Sugata M, Samantha A (2019) Antibacterial
activity of Polyscias scutellaria Fosberg against Acinetobacter sp.
Asian Journal of Pharmaceutical and Clinical Research 12(1): 516—
519. https://doi.org/10.22159/ajpcr.2019.v12i1.30270

Soehnlein O, Libby P (2021) Targeting inflammation in atherosclero-
sis—from experimental insights to the clinic. Nature Reviews Drug
Discovery 20(8): 589-610. https://doi.org/10.1038/s41573-021-
00198-1

Steven S, Frenis K, Oelze M, Kalinovic S, Kuntic M, Bayo Jimenez
MT, Vujacic-Mirski K, Helmstddter J, Kroller-Schén S, Miin-
zel T, Daiber A (2019) Vascular inflammation and oxidative

stress: major triggers for cardiovascular disease. Oxidative

Medicine and Cellular Longevity 2019: €7092151. https://doi.
org/10.1155/2019/7092151

Stringham NT, Holmes PV, Stringham JM (2019) Effects of macular
xanthophyll supplementation on brain-derived neurotrophic factor,
pro-inflammatory cytokines, and cognitive performance. Physiology &
Behavior 211: e112650. https://doi.org/10.1016/j.physbeh.2019.112650

Syahputra RA, Harahap U, Dalimunthe A, Nasution MP, Satria D (2022)
The role of flavonoids as a cardioprotective strategy against doxo-
rubicin-induced cardiotoxicity: A review. Molecules 27(4): e1320.
https://doi.org/10.3390/molecules27041320

Tabrizi R, Vakili S, Akbari M, Mirhosseini N, Lankarani KB, Rahimi M,
Mobini M, Jafarnejad S, Vahedpoor Z, Asemi Z (2019) The effects
of curcumin-containing supplements on biomarkers of inflamma-
tion and oxidative stress: A systematic review and meta-analysis of
randomized controlled trials. Phytotherapy Research 33(2): 253-262.
https://doi.org/10.1002/ptr.6226

Taherkhani S, Suzuki K, Castell L (2020) A short overview of changes in
inflammatory cytokines and oxidative stress in response to physical
activity and antioxidant supplementation. Antioxidants 9(9): e886.
https://doi.org/10.3390/antiox9090886

Tuttle CS, Thang LA, Maier AB (2020) Markers of inflammation and
their association with muscle strength and mass: A systematic review
and meta-analysis. Ageing Research Reviews 64: e101185. https://
doi.org/10.1016/j.arr.2020.101185


https://doi.org/10.1016/j.jacc.2020.01.014
https://doi.org/10.1016/j.jacc.2020.01.014
https://doi.org/10.3390/ijms21010263
https://doi.org/10.3390/ijms21010263
https://doi.org/10.1016/j.immuni.2021.12.013
https://doi.org/10.22159/ajpcr.2019.v12i1.30270
https://doi.org/10.1038/s41573-021-00198-1
https://doi.org/10.1038/s41573-021-00198-1
https://doi.org/10.1155/2019/7092151
https://doi.org/10.1155/2019/7092151
https://doi.org/10.1016/j.physbeh.2019.112650
https://doi.org/10.3390/molecules27041320
https://doi.org/10.1002/ptr.6226
https://doi.org/10.3390/antiox9090886
https://doi.org/10.1016/j.arr.2020.101185
https://doi.org/10.1016/j.arr.2020.101185

	Polyscias scutellaria: An emerging source of natural antioxidants and anti-inflammatory compounds for health
	Abstract
	Introduction
	Material and methods
	Materials
	Extract preparation
	Antioxidant activity of PE by DPPH scavanging activity
	Total phenolic compound
	Total flavonoid compound
	Cell culture
	Cell viability assay
	Measurement of NO production
	ELISA analysis of tumor necrosis factor-α (TNF-α), interleukin (IL)-6, IL-1β, and IL-12
	Statistical analysis

	Result
	Antioxidant activity of extract and fraction of Polyscias scutellaria(PS)
	Total phenol in extract and fraction of Polyscias scutellaria(PS)
	Total Flavonoid in extract and fraction of Polyscias scutellaria (PS)
	Effect of extract and fraction of Polyscias scutellaria(PS) on the Viability and NO production on RAW 264.7 Cells
	Effect of extract and fraction of Polyscias scutellaria(PS) on pro-inflammatory cytokines

	Discussion
	Acknowledgements
	References

