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ABSTRACT

Polyscias scutellaria (Burm.f) Fosber

extract and study its mechanism(of*action/on pro-inflammatory cytokines [tumor necrosis factor-alpha (TNF-ar),
interleukin-1 beta (IL-bf), i etikin-6 (IL-6)]. The leaves of P. scutellaria were macerated in ethanol (90%)
to yield ethanol extfact laria leaves (EEPS). The rats were divided into 5 groups (n = 5): solvent group,
sodium diclofenacgroup ( mg/kg), and EEPS at the dose of 100, 200, and 400 mg/kg). The rats were pretreated
¢ ogdema were induced by carrageenan (1%). The oedema volume (inflammation) was measured
i0 pro-inflammatory cytokines was assessed using an enzyme-linked immunosorbent assay. In
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spectrometty (LC-HRMS). EEPS at doses of 200 and 400 mg/kg inhibited inflammation in carrageenan-induced
rat paw oedema. The same effect was also observed in rats treated with sodium diclofenac. EEPS also significantly
decreased the levels of TNF-a and IL-1, but not IL-6. Phytochemical analysis using LC-HRMS revealed that the
extract contains known antioxidant or anti-inflammatory compounds, such as ursolic acid and chlorogenic acid.
EEPS demonstrated anti-inflammatory activity in carrageenan-induced paw oedema by suppressing the level of pro-
inflammatory cytokines TNF-o and IL-1f..

INTRODUCTION

Inflammation is the body’s response to adverse
stimuli, such as pathogens, allergens, cellular damage, tissue
injury, and toxic substances [1,2]. The immune system plays
a crucial role in removing harmful stimuli and instigating the
healing process, making it an essential defense [3,4]. At the
tissue level, inflammation is characterized by redness, swelling,

heat, discomfort, and impaired tissue function. These symptoms
result from the cellular and vascular reactions to infection or
injury, as well as local inflammatory cell activity [5]. Important
microcirculatory events involved in the inflammatory process
include abnormalities in vascular permeability, the attraction
and accumulation of leukocytes in the damaged area, and the
release of inflammatory mediators [3,6].

Unregulated inflammatory reactions are a primary
factor underlying a range of diseases, such as allergies,
cardiovascular dysfunction, metabolic syndrome, cancer,
and autoimmune diseases [2,7]. Medicines that regulate and
reduce inflammation include steroid drugs, nonsteroidal anti-
inflammatory drugs, and immunosuppressants. However, these
have various side effects. To maximize the pharmaceutical
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response and minimize side effects in the treatment of
inflammatory conditions, new anti-inflammatory agents must
be identified and explored, including those derived from natural
sources [8]. Polyscias scutellaria (Burm.f) Fosberg leaves have
potential as anti-inflammatory agents due to their saponin,
tannin, flavonoid, alkaloid, and terpenoid content [8,9].
Research has demonstrated that the leaves possess significant
quantities of total phenols and strong antioxidant properties.

Antioxidant effects, particularly those arising
from the polyphenol group, correlate with other biological
responses, such as anti-plasmodial, antimicrobial, anti-arthritis,
anticancer, and anti-inflammatory reactions [10,11]. Hexane,
ethyl acetate, and ethanol (96%) extracts of P. scutellaria
leaves have been investigated for their phenol, flavonoid, and
antioxidant contents. The study found that the ethanol extract
contains the highest polyphenol level that is proportional to its
antioxidant activity [12]. Polyscias scutellaria leaves ethanol
extract at a concentration of 50 pg/ml showed higher anti-
inflammatory activity than the ethyl acetate extract by inhibiting
the levels of nitric oxide (NO), tumor necrosis factor-alpha
(TNF-a), interleukin-1 beta (IL-1B), interleukin-6 (IL-6), and
interleukin-12 (IL-12) [13]. Moreover, previous in vitro and in
silico studies have published the ability of P. scutellaria leaves
extract to inhibit the activity of the pro-inflammatory enzyme,
cyclooxigenase-2 (COX-2) [14].

Therefore, further study on P scutellaria leaves
ethanol extract is required to confirm its antioxidant potency
and anti-inflammatory activity, especially focusing on the ef!
on pro-inflammatory cytokines (TNF-a, IL-1B3, and
metabolomic profile analysis using liquid ch
orbitrap high-resolution mass spectrometry @n

c

also performed to identify the phyto,
the active extract.

MATERIAL AND METHODS
Chemicals

Liquid chromatography-mass spectrometry (LC-
MS) grade methanol, acetonitrile, and water were acquired
from Fisher Scientific (Hampton, NH, USA). Formic acid,
hydrochloric acid, and methanol of high-performance liquid
chromatography quality were acquired from Merck (Darmstadt,
Germany). The positive ion solution contains caffeine, MRFA,
and ultramark 1621, while the negative ion solution contains
sodium dodecyl sulfate, sodium taurocholate, and ultramark
1621. Additionally, carrageenan (Sigma Aldrich, St. Louis,
Mo., USA), enzyme-linked immunosorbent assay (ELISA)
kit TNF-a (KTE9007-96well), IL-1B (KTE9001-96well),
IL-6 (KTE9004-96well) (EliKine™ Rat), and 2,2-diphenyl-1-
picrylhydrazyl crystal (DPPH) (Sigma Aldrich, St. Louis, Mo.,
101 USA) were used in this study.

Plant collection

The leaves of P. scutellaria were collected from
the Candimulyo district, Magelang regency in Central Java,
Indonesia (7°30°59.6”S 110°16°22.5”E) during the dry season
in April 2023. The plant material was identified and verified at
the laboratory of the Department of Pharmaceutical Biology,

Universitas Gadjah Mada, with the identification number
25.20.7/UN1/FFA.2/BF/PT/2023. The leaves of P. scutellaria
were washed in tap water and then dried in the oven at 50°C for
48 hours. The dried leaves were powdered and filtered using a
40 mesh filter. The dried and file leaves powders were stored in
air-tight containers at room temperature until use.

Plant extraction

The method used for the extraction of the plant material
is maceration as previously described [15]. The dried leaves of
P, scutellaria (1 kg) were macerated in 90% ethanol (10 1) for 3
days. The macerate was filtered and the plant material residue
was re-macerated in 5 10f 90% ethanol for 2 days. The macerate
was then filtered, dried in a rotary evaporator (60°C) followed
by a water bath (60°C), and then stored in a refrigerator at 4°C.
The extract was weighed and the yield of extraction was then
calculated.

Free radical scavenging activity

Plant extract solution (0.2 ml) at the concentrations
of 104.00, 83.20, 66.56, 53.25, and 42.59 ug/ml) was added
to a solution containing 4.0 ml of 0.7 mM 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and 4.0 ml methanol. The mixture was
vigorous %‘ced in a vortex mixer and then left undisturbed
accor, %h operating time of each test solution. The sample

ol‘%)m’ sorbance was quantified at a wavelength of 517 nm
and pared to the control [16].

Freeradical scavengingactivity (%)= x100%,

_AC
AC-AS

Ac = absorbance of control (4.0 mL 0.7 mM
2,2-diphenyl-1-picrylhydrazyl (DPPH) and 4.0 ml methanol)
and As = absorbance of sample at 517 nm.

where

Carrageenan-induced rat hind paw oedema

The method used in this study was the rat hind paw
oedema model that was adopted from the previously described
method [17]. Thirty male Wistar rats (180-200 g) were acclimated
and housed in groups of five per box for 1 week before the
experiment. The animals were given unrestricted access to water
and a conventional diet. Six groups (n = 5) were used for the
experiments. This included three groups orally administered
different doses of the ethanol extract of P. scutellaria leaves
(EEPS) at 100, 200, and 400 mg/kg, solvent group orally
administered sodium carboxymethyl cellulose (Na-CMC; 0.1
ml/10 g), and diclofenac sodium group orally administered
diclofenac sodium (13.65 mg/kg). Thirty minutes after receiving
treatment according to their group, the rats in all groups received
a sub-plantar injection of carrageenan 1% (0.1 ml) to induce
swelling in the right hind paw. The paw oedema volume of each
rat was assessed using a plethysmometer (Ugo Basile, Gemonio
VA, Italy) both before carrageenan swelling induction and at
30-minute intervals for a total of 360 minutes post-induction.
Based on paw oedema volume, the level of inflammation
inhibition was estimated as a percentage. The Ethics Committee
of LPPT, Universitas Gadjah Mada, Yogyakarta, Indonesia has
approved all animal procedures conducted in this study (approval
number: 00045/04/LPPT/1X/2023).
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Blood sample collection

After 6 hours, the blood (2 ml) was collected from
retro-orbital of each rat using a plain vacutainer without
anticoagulant. The blood was centrifuged at 3500 rpm for 5
minutes to obtain serum and put into a new microtube, and then
stored in a deep freezer at —80°C for further analysis of pro-
inflammatory cytokine levels.

Cytokines level measurement

The cytokine levels in the supernatant were measured
using ELISA kits for TNF-a (KTE9007-96well), IL-1B
(KTE9001-96well), and IL-6 (KTE9004-96well) (EliKine™
Rat) in the ELISA microplate reader (Biorad Imark). The
protocol for cytokines level analysis followed the protocol
recommended by the manufacturer’s.

Liquid chromatography-orbitrap high-resolution mass
spectrometry analysis

The metabolite content of EEPS was determined by
extracting the raw data from a total ion chromatogram acquired
in an LC-HRMS metabolomic study from three updated online
databases: Predicted Compositions, mzCloud Search, and
ChemSpider Search. Thermo Scientific™ Accucore™ Phenyl-
Hexyl 100 mm X% 2.1 mm ID % 2.6 pm was used as a column;
whereas the mobile phases were MS-grade water with 0.1%
formic acid (A) and MS-grade methanol with 0.1% formic acid
(B) with methanol gradient at a flow rate of 0.3 ml/minute.

The mobile phase B was first set at 5%, increased to 90% ov@

a duration of 16 minutes, and then maintained at 909
minutes before reverted to the previous state (59 il 25
minutes. The column temperature was_set ° th the
volume of the injection at 3 pl. The ma$s spect Ty was run
in both positive and negative ionization'modes, with full MS/dd-
MS2. Nitrogen was employed for sheath, duxiliary, and sweep
gas, configured at 32, 8, and 4 arbitrary units, respectively. The
capillary temperature was maintained at 320°C while a spray
voltage of 3.30 kV was applied. The scanning range was 66.7—
1,000 m/z, with a resolution of 70,000 and 17,500 for complete
MS and dd-MS2, respectively. Compound Discoverer® software
developed by Thermo Scientific (USA) was used to analyze the
data including blank containing methanol. The results were
then filtered based on the relative abundance of metabolite
compounds.

Statistical analysis

The data were analyzed using GraphPad Prism version
10.2.3. Comparisons of the outcomes of the solvent group and
treatment groups were made using one-way analyses of variance
(ANOVA) followed by Tukey’s multiple-comparison post-hoc
test. P-values below 0.05 (p < 0.05) were deemed statistically
significant.

RESULTS AND DISCUSSION
Radical scavenging activity

The antioxidant effect of the ethanol extract of P
scutellaria leaves were analyzed using the commonly used
method, DPPH free radical scavenging assay. The antioxidant

effects of the extract on DPPH free radicals were expressed
as % inhibition. The IC,; values (ug/ml) of the extract were
presented in Table 1. Previous studies showed that EEPS
contains various plant secondary metabolites, such as alkaloids,
tannins, saponins, and glycosides. These natural compounds
can scavenge free radical DPPH I the solution by donating
hydrogen atoms [18]. The antioxidant property of flavonoids
arises from their ability to scavenge free radicals, particularly
through chelation [19,20], This is an important mechanism in
targeting inflammatory progression [11,21]. The antioxidant
activity of the extract is expressed as the percentage of scavenged
free radical DPPH upon extract treatment. In this study, EEPS
demonstrated antioxidant activity, and having the potency as a
promising natural defense against oxidative damage provoking
inflammation. EEPS showed a free radical DPPH scavenging
activity IC,; (55.97 = 0.96 ug/ml). This antioxidant activity is
in line with the previous study showing that the ethanol (96%)
extract of P. scutellaria leaves demonstrated antioxidant activity
by effectively scavenged free radical DPPH [14]. However, the
activity of EEPS is lower compared to that of ascorbic acid (IC,;
19.62 + 0.19 pg/ml) in this study, as well as a previous study
(13.68 pg/ml) [22]. Oxidative stress can initiate inflammatory
signaling pat%s via NF-xB, resulting in the synthesis of pro-

inilam % kines including TNF-q, IL-1p, and IL-6 [23].
f&{mmatory activity

EEPS contains flavonoid and phenolic compounds with

ee radical scavenger potency as presented in Table 1. This study
further investigates the anti-inflammatory activity of EEPS on
Wistar rat hind paw oedema induced with carrageenan. Phenolic
compounds such as flavonoids and terpenoids have been shown
to inhibit the reactive oxygen species (ROS) produced upon
carrageenan administration to induce inflammation [24,25].
Carrageenan can induce ROS formation, which triggers injury
leading to acute inflammation [26]. The injection of carrageenan
(0.1 ml, 1% w/v) into a rat hind paw leads to a steady increase
in swelling that peaks 180 minutes after injection. This is then
followed by a gradual decrease in oedema for the subsequent
360 minutes [27]. This pattern was also seen in this study. The
increase in oedema volume was observed up to 180 minutes, then
gradually decreased. As expected, Figure 1 revealed that sodium

Table 1. Free radical scavenging activity of ethanolic extract of
P. scutellaria leaves and ascorbic acid assessed by DPPH assay at

517 nm (n =3).
Ethanolic extract of P. scutellaria Ascorbic acid

Concentration Antioxidant activity Concentration Antioxidant

(ng/ml) (percent = SD) (ng/ml) activity

(percent = SD)

104.00 70.64 £ 1.28 20.20 52.57+0.85
83.20 62.24 +£2.20 16.16 43.35+0.94
66.56 54.11 +0.55 12.93 39.28 +£0.80
53.25 48.24 + 1.60 10.34 36.70 £0.77
42.59 44.81+0.44 8.27 35.77+£0.77
IC,, (ng/ml) 55.97+0.96 IC,, (ng/ml) 19.62 £0.19
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Figure 1. The effects of ethanolic extract of P. scutellaria leaves on the volume
of carrageenan-induced rat paw oedema. Data are presented as mean + SD (n =
5). *Statistically significant (p < 0.05) difference when compared to the solvent
group. EEPS, ethanolic extract of P. scutellaria leaves; SD, standard deviation.

diclofenac possessed the strongest anti-inflammatory activity
among the groups. Although sodium diclofenac treatment
demonstrated the highest anti-inflammatory activity, the anti-
inflammatory activity was not significant compared to the EEPS
400 mg/kg. The order of the anti-inflammatory activity from
weakest to strongest based on the oedema volume were: sodium
diclofenac (3.04 £ 1.045) < EEPS 400 (2.94 + 0.62) < EEPS 200
(3.59£0.72) <EEPS 100 (4.38 + 0.29) < solvent group (4.09 +
0.82). Oedema was significantly decreased in all EEPS-treated
groups as well as the sodium diclofenac group compared to @
oedema control group (p < 0.05). .

The percentages of anti-inflammatory actiyityyo S
after 360 minutes of carrageenan injection

nted in
Figure 2. The anti-inflammatory activi % ment was as

follows: solvent: 0%, sodium diclofenaé %, EEPS 100: 0%,
EEPS 200: 12.09%, and EEPS 400: 28.10%. Statistical analysis
showed that although there was a decrease in paw oedema in rats
treated with EEPS, only EEPS at 400 mg/kg showed significant
inhibition of inflammation compared to the solvent group (p
< 0.05). Interestingly, there was no significant difference in
inflammatory inhibition in rats treated with EEPS 400 mg/kg
(28.1%) and sodium diclofenac 13.65 mg/kg (30.57%; p > 0.05),
indicating that the anti-inflammatory effects of EEPS 400 mg/kg
are roughly equivalent to those of sodium diclofenac 13.65 mg/kg.

Cytokines level measurement

Cytokines are inflammatory modulators that play a vital
role in both acute and chronic inflammation. Pro-inflammatory
mediators (IL-1B, IL-6, and TNF-a) are crucial in beginning and
enhancing immune responses after infection or tissue damage
[28]. In this study, pro-inflammatory cytokines, including TNF-a.,
IL-1B, and IL-6, play a crucial role in carrageenan-induced
inflammation [29,30]. The results of our analysis of the amounts
of TNF-a, IL-1B, and IL-6 cytokines in the untreated group,
solvent group, sodium diclofenac group, and EEPS groups
are displayed in (Fig. 3). TNF-a is a potent pro-inflammatory
cytokine, influences immunity, inflammation, differentiation,
and apoptosis [31,32]. It also significantly contributed to the
pathophysiology of inflammatory-related diseases, such as

50
40 *
s *
=
.
£ 304
=
<]
(]
(=]
& 20+
[=
Q
=
(]
& 10+
0=
X ) Q‘
\400 \0‘\0 Qq’
® N
o &
& O
o
& &£ &
@ < <

Figure 2. The percentages of anti-inflammatory effect of ethanolic extract of P
scutellaria leaves and sodium diclofenac on carrageenan-induced paw oedema
in rats (n = 5). Data are presented as mean + SD. *Statically significant (p
< 0.05) difference when compared with the solvent group. EEPS, ethanolic
extract of P, sct&llarla leaves; SD, standard deviation.

r :@ase, ulcerative colitis, and rheumatoid arthritis.

ve past decade, TNF-a is a promising therapeutic target
or treating inflammatory diseases [33]. In this study, we found
at the rats treated with sodium diclofenac, EEPS at the doses
of 100, 200, and 400 mg/kg significantly decreased the level
of TNF-a compared to the rats treated with solvent (Fig. 3A).
This indicated that EEPS exerted anti-inflammatory activity by
suppressing TNF-a level. Considering the pivotal role of TNF-a
in inflammation [34], EEPS served a potential source for the
discovery of anti-inflammatory agents derived from natural
products. TNF-a production resulted in a decrease in NO [35,36].
The effect of EEPS onIL-1f levelsis presented in Figure

3B. The rats treated with sodium diclofenac and EEPS 400 mg/
kg showed a significant reduction of IL-1p level compared to the
solvent group (p < 0.05). Interestingly, EEPS at the lower dose
(100 mg/kg) failed to reduced the level of IL-1p, but it increased
the IL-1 compared to the solvent group. This might be due to the
hormesis phenomenon [37]. This refers to the concept that low
doses of a substance might have a beneficial or stimulatory effect,
while higher doses can be suppressive. At low dose, EEPS might
activate pathways that promote IL-1f production, stimulating an
immune response. At higher dose (400 mg/kg), however, EEPS
might overwhelm the immune system, leading to an inhibitory
effect that reduces IL-1P production. Another possibility is that
due to the feedback mechanism [38]. At low dose of EEPS,
the extract enhances IL-1f production. However, at the higher
dose, negative feedback loops could be activated, reducing IL-
1B synthesis to prevent overactivation of the immune response.
This suggests that EEPS was only effective as IL-13 suppressant
at a higher dosage (400 mg/kg). Tissue injury can damage cell
membranes, resulting in an accumulation of inflammatory
cytokines. The injection of carrageenan significantly triggered
the production of inflammatory cytokines, including IL-1 f3. IL-1
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Figure 3. The effects of ethanolic extract of P. scutellaria leaves on TNF-a, IL-1p, IL-6, and (pg/ml) levels in a rat paw oedema model. Data are presented as mean +
SD. *Statistically significant (p < 0.05) difference when compared with the solvent group. “versus the untreated group. a) TNF-a; b) IL-1p; ¢) IL-6.

B is an important mediator of inflammation in the early stage
[39,40]. In the medium and late stage of inflammation, IL-1 8
can contribute to the development of systemic inflammation and
organ dysfunction [41].

Regarding the effect of EEPS on the production
of IL-6 (Fig. 3C), we could confirm that the EEPS failed to
inhibit the expression of IL-6 at 100, 200, and 400 mg/kg. In
contrast, EEPS tended to increase the expression of IL-6 at dose
dependent manner. This might be due to the presence of various
compounds in EEPS that potentially induced the expression of
IL-6, such as phenylalanine that have been identified in EEPS
by LC-HRMS. Besides exerted anti-inflammatory activity by
targeting cytokines [42,43], phenylalanine was able to induce
the expression of pro-inflammatory cytokines, including IL-6
[44]. Further mechanistic study to investigate the effect of
chemical constituents of EEPS on IL-6 is required to clarify

this effect. The reference drug, sodium diclofenac consistently
inhibited the expression of all cytokines in this experiment.

The ability of EEPS to reduce the expression of pro-
inflammatory cytokines suggests its therapeutic potential in the
management of both acute and chronic inflammatory conditions
[45-49]. The compounds responsible for the anti-inflammatory
activity of EEPS are still unknown. Therefore, we performed
LC-HRMS analysis to determine the metabolite constituents of
EEPS [50].

Phytochemical analysis using LC-HRMS

Analysis of the plant metabolites found in EEPS in
positive and negative ionization modes yielded 10 compounds
from three updated online databases: Predicted Compositions,
mzCloud Search, and ChemSpider Search. Filtering of the
detected metabolite compounds on each database based on name
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Table 2. The phytochemical constituents W@ extract of P. scutellaria leaves detected by LC-HRMS.
A A

. Retention time Molecular Relative
Metabolite name \»}mula (min) weight Area (Max.) abundance (%)

1. Ursolic acid C,,H,O, 8.96 456.36 1401209579.75 4.45
2. 9-0x0-10(e),12(e)-octadecadien C,H,,0, 13.08 294.22 1266210169.23 4.02
3. 1-{[(3s,4s,51)-2,3 4-trihydroxy-5-(hydroxymethyl)

tetrahydro-2-furanyl]methyl}- C,H,NO, 0.80 277.12 1145739413.01 3.064

2-pyrrolidinecarboxylic acid
4. (13'cis,15cis)-2',3",4',5 -_tetradeh_yd_ro-S ,6'-dihydro- CH.0 1751 55042 763951811.67 322
beta,beta-caroten-3-ol
5. Stearidonic acid C,H,.0, 12.13 276.21 713130560.75 2.54
6. Chlorogenic acid C,H,0, 3.81 354.09 317082066.40 1.86
7. s-curcumene C,H, 12.42 202.17 528801165.08 1.76
8. (1s,31,41,51)-1,3,4-trihydroxy-5-{[(2¢e)-
3-(4-hydroxy-3-methoxyphenyl)prop-2-enoyl]oxy} C,H,0, 5.13 368.11 435223911.40 1.38

cyclohexane-1-carboxylic acid
9. 1-linoleoyl glycerol C,H,O, 14.27 354.28 319822207.04 1.34
10. Pipecolic acid CH, NO, 0.80 129.08 261771438.89 1.10

LC-HRMS: liquid chromatography-orbitrap high-resolution mass spectrometry.

and presence relative abundance yielded the chromatograms
and metabolite compounds presented in Figure 4 and Table 2.
Some of the detected compounds exert antioxidant effects
by inhibiting ROS and act as anti-inflammatory agents by
inhibiting various receptors or mediators in inflammation.
When ROS is expressed, it activates inflammatory receptors
and mediators [51,52]. Activated ROS induces the formation

of IkB kinase, thereby triggering the transcription of NF-kB,
leading to increased synthesis of pro-inflammatory cytokines,
including TNF-o0, IL-1B, and IL-6 [53]. Of the ten major
compounds detected in EEPS by LC-HRMS, two compounds
have been reported to have antioxidant or anti-inflammatory
effects in previous studies. These compounds are ursolic acid
[54] and chlorogenic acid (Fig. 5) [55,56].



Syarifuddin et al. / Journal of Applied Pharmaceutical Science 0 (0); 2025: 001-009 007

ursolic acid
chlorogenic acid

S &

WYY
By ! | j |

O TLR

?QOQOOQ?O#QQQQWQQMODOO?DOO?DOOO?ODOOGQI'.D\‘ ] "QI.DDGOGOODBOOGOIDQOOMPQMQO
1A Il ST \ ! \ I
nte

?Q?CO"QODBdﬁ?m??rﬁpﬁl‘w‘n0?090?090?:0???

Ty

46
v
<&.

e

kB

kB

degradation -

chlorogenic acid

TR [ODEH—.

o IKK
~
kB
degradation

P . Free NF-kB .
Inflammatory
I mediators

¥ ursolic acid
Pro-inflammatory F " Chlorogenic acid
Cytokine rel

(IL-1b, TNF-a, IL-6)

Figure 5. Secondary metabolites identified in ethanolic extr:

identification of the secondary metabolites was done using LC-H
using published literatures. Created with BioRender.corr%

O
CONCLUSION \

EEPS demonstrated anti-infl a ctivity in
carrageenan-induced rat hind paw oed % doses of 400 mg/
kg. The anti-inflammatory mechanism ofstlie extract involves
the inhibition of pro-inflammatory cytokines TNF-a and IL-
1B. Phytochemical analysis using LC-HRMS revealed the
presence of several promising compounds, including ursolic
acid and chlorogenic acid. This finding highlights the need for
further exploration of the active compounds responsible for
the anti-inflammatory activity from P. scutellaria.
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