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1. INTRODUCTION

Abstract

Piper longum L. is traditionally recognized for its broad therapeutic applications;
however, its cellular anti-inflammatory mechanisms remain insufficiently characterized. The
present study investigated the anti-inflammatory potential of the methanolic stem extract of
Piper longum in lipopolysaccharide (LPS)-stimulated RAW 264.7 murine macrophages. The
extract exhibited a clear concentration-dependent suppression of key inflammatory enzymes,
including cyclooxygenase (COX), lipoxygenase (LOX), myeloperoxidase (MPO), and
inducible nitric oxide synthase (iNOS). Maximum inhibition was observed at 100 pg/mL, with
[Csp values of 110 pg/mL (COX), 107.49 pug/mL (LOX), and 99.26 pg/mL (iNOS), indicating
substantial enzyme inhibitory potency. Furthermore, intracellular nitrite levels were
significantly reduced from 792.00 pg in the LPS control to 492.03 pg at 100 pg/mL,
confirming effective suppression of nitric oxide production. These findings demonstrate that
the methanolic stem extract of Piper longum attenuates LPS-induced inflammatory responses
through multitarget modulation of enzymatic pathways, supporting its potential as a natural

antiinflammatory therapeutic candidate.

Although acute inflammation is protective,

Inflammation is a complex physiological

persistent or dysregulated inflammatory

response triggered by harmful stimuli, including

responses contribute to the pathogenesis of

pathogens, tissue injury, and toxic agents.
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chronic disorders such  as arthritis,

cardiovascular diseases, diabetes,

neurodegeneration, and cancer [1,2].

Macrophages play a central regulatory
role in inflammatory processes. Upon activation,
these cells release pro-inflammatory mediators,
including nitric oxide (NO), prostaglandins, and
cytokines such as tumor necrosis factor-o (TNF-
a), interleukin-1p (IL-1p), and interleukin-6 (IL-
6) [3]. The production of these mediators is
regulated by enzymes such as inducible nitric
oxide synthase (iNOS), cyclooxygenase-2
(COX-2), and lipoxygenases (LOX), which

amplify and sustain inflammatory signaling

cascades [4,5].

Lipopolysaccharide (LPS), a component
of the outer membrane of Gram-negative
bacteria, is widely used to induce inflammatory
responses in vitro. LPS activates macrophages
through Toll-like receptor-mediated signaling
pathways, leading to increased expression of
iINOS and COX-2 and enhanced production of
nitric oxide and pro-inflammatory cytokines

[6,7]. The murine macrophage cell line RAW
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264.7 represents a well-established and
reproducible in vitro model for evaluating

antiinflammatory agents [8,9].

Piper longum L. (family Piperaceae) is
extensively used in traditional medicine systems
and is rich in bioactive phytoconstituents,
including  alkaloids  (notably  piperine),
phenolics, flavonoids, terpenoids, and essential
oils. These compounds have been reported to
exhibit antioxidant, antimicrobial, anticancer,
and  anti-inflammatory  properties  [10].
However, systematic investigations evaluating
its multitarget antiinflammatory effects in

macrophage-based models remain limited.

Therefore, the present study aimed to
evaluate the anti-inflammatory efficacy of the
methanolic stem extract of P. longum in LPS-
stimulated RAW 264.7 macrophages, with
particular emphasis on modulation of nitric
oxide production and key inflammatory
enzymes, including COX, LOX, MPO, and
iNOS.

2 MATERIALS AND METHODS

2.1 Plant Material and Extraction
Stems of Piper longum L. were collected
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from  Mulagumoodu (8°16'03.00" N,
77°1728.20" E), Kanyakumari District, Tamil
Nadu, India. The plant material was identified
and authenticated by Dr. R. Subitha Shajini,
Department of Botany, Women’s Christian
College, Nagercoil, Tamil Nadu, India. The
collected stems were shade-dried, pulverized
into coarse powder, and 20 g of the powdered
material was subjected to Soxhlet extraction
with methanol for 24 hours. The extract was
filtered and concentrated under reduced pressure
at 40—45°C using a rotary evaporator to obtain a

semi-solid residue, which was stored at 4°C until

further experimental use.

2.2 Cell Culture and Treatment
RAW 264.7 murine macrophages were
obtained from the National Centre for Cell

Sciences (NCCS), Pune, India. Cells were
cultured in Dulbecco’s Modified Eagle Medium
(DMEM) supplemented with 10% Fetal Bovine
Serum, L-glutamine, sodium bicarbonate, and
antibiotic solution (penicillin 100 U/mL,
streptomycin 100 pg/mL, amphotericin B 2.5
pug/mL). Cells were maintained at 37°C in a

humidified 5% CO: incubator. Upon reaching

approximately 60% confluency, cells were
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stimulated with LPS

(1 pg/mL) and treated with methanolic stem
extract of Piper longum at concentrations of 25,
50, and 100 pg/mL for 24 hours. Cell lysates
were subsequently prepared for enzymatic and

nitric oxide assays [11].

2.3 Enzyme Inhibition Assays
2.3.1 Cyclooxygenase (COX) Activity
To assess COX activity [12], a 100 uL

aliquot of cell lysate was incubated with Tris-
HCIl buffer (pH 8), glutathione (5 mM/L),
hemoglobin (5 mM/L), and arachidonic acid.
The mixture was incubated for 1 min at 25°C,
and the reaction was initiated by adding
arachidonic acid (200 mM/L). After 20 min at
37°C, the reaction was terminated with 200 pL
of 10% trichloroacetic acid in 1 N HCI. The
tubes were centrifuged, followed by addition of
200 pL of 1% thiobarbituric acid. Samples were
boiled for 20 min, cooled, and centrifuged again.
measured at 632 nm.

Absorbance was

Percentage COX inhibition was calculated as:

(Acontrol — Atest)
% Inhibition = x 100
Acontrol

2.3.2 LIPOXYGENASE (LOX) ACTIVITY
To determine LOX activity [13], the
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reaction mixture (final volume 2 mL) contained
Tris-HCI buffer (pH 7.4), 50 uL of cell lysate,
and 200 pL of sodium linoleate as substrate. The
increase in absorbance at 234 nm was recorded

using an Agilent Cary

60 UV-Vis spectrophotometer,
corresponding to the
formation of 5-

hydroxyeicosatetraenoic acid. Percentage LOX
inhibition was calculated as:

(Acontrol — Atest)
% Inhibition = x 100
Acontrol

2.3.3 MYELOPEROXIDASE (MPO)
ACTIVITY

Cell lysates were homogenized in a
solution containing 50 mM potassium phosphate
buffer

and 0.57%

hexadecyltrimethylammonium bromide
(HTAB) and centrifuged at 2000 g for 30 min at
4°C. MPO activity was assayed by incubating
the supernatant with 50 mM phosphate buffer
(pH 6) containing guaiacol (1.67 mg/mL) and
hydrogen peroxide (0.0005%). The change in
absorbance at 460 nm was recorded. One unit of
MPO activity was defined as the amount

degrading 1 uM peroxide per minute at

25°C [14]. MPO activity was calculated using:
576
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AOD x 4 x V% dilution factor
U =

L X e470x At X Vs
where:
V= 1.1 mL(total volume)
L =1 cm(light path)

g0 = 26.6 mM 'ecm !(molar extinction

coefficient)

Vs= sample volume
At = time interval (min).

2.3.4 INDUCIBLE NITRIC OXIDE
SYNTHASE (INOS) ACTIVITY
INOS activity was quantified using the assay
mixture containing HEPES buffer,

L-arginine (2 pmol/L), manganese chloride (4
pumol/L), dithiothreitol (10 mmol/L), NADPH (1
mmol/L), tetrahydrobiopterin (4 pmol/L),
oxygenated hemoglobin (10 pumol/L), and 0.1
mL cell lysate. The increase in absorbance at
401 nm was recorded [15], and enzyme
inhibition was calculated as:

% Inhibition = (
Acontrol — Atest) x 100

Acontrol

2.3.5 Nitric oxide (NO) estimation
Nitrite levels were estimated by mixing

cell lysate (0.5 mL) with 0.1 mL of 3%

sulphosalicylic acid and vortexed for 30 min,
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followed by centrifugation at 5000 rpm for

15 min. The protein-free supernatant (200 uL)
was treated with 30 pL of 10% NaOH and

300 puL of Tris-HCI buffer, followed by 530 pL

of freshly prepared Griess reagent (1%
sulphanilamide, 2% phosphoric acid, and 0.1%
N-(1-naphthyl) ethylene diamine
dihydrochloride). After 10-15 min incubation in
the dark, absorbance was measured at 540 nm
[16]. Sodium nitrite was used as the standard,
and nitrite concentration was determined from

the calibration curve.

3. RESULT AND DISCUSSION
Treatment with methanolic stem extract

of P. longum significantly attenuated LPS-
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induced inflammatory responses in RAW 264.7

macrophages in a concentrationdependent

manner.

3.1 Modulation of Cyclooxygenase and
Lipoxygenase

The extract effectively inhibited both
branches of the arachidonic acid cascade. COX
inhibition increased from 17.50% at 25 pg/mL
to 47.50% at 100 pg/mL (Table 1), while LOX
inhibition ranged from 21.71% to 48.48% across
the tested concentrations (Table 2). The ICso
values of 110 ug/mL (COX) and 107.49 pg/mL

(LOX) indicate substantial interference with

prostaglandin and leukotriene biosynthesis.

Table 1. Effect of Piper longum on COX activity in LPS-stimulated RAW 264.7

macrophages
Comeetrain | oD st iz Pt
LPS 0.04 0.000
25 0.033 17.500
50 0.026 35.000
100 0.021 47.500
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Table 2. Effect of Piper longum on LOX activity in LPS-stimulated RAW 264.7

macrophages
Concentration OD at 234 Percentage
(ng/ml) nm inhibition
LPS 0.198 0.000
25 0.155 21.717
50 0.122 38.384
100 0.102 48.485

Dual inhibition of COX and LOX is

particularly  significant, as simultaneous
modulation of both pathways may prevent
compensatory inflammatory signaling often
observed with selective COX inhibitors. These
findings are consistent with previous reports
attributing anti-inflammatory effects of P.
longum to alkaloids and phenolic constituents
capable of regulating inflammatory pathways
[17,18,19].

3.2 SUPPRESSION OF
MYELOPEROXIDASE ACTIVITY

A pronounced reduction in MPO activity

was observed following extract treatment. MPO

578

activity decreased from 0.1535 U/mL in LPS-
stimulated cells to 0.0181 U/mL at 100 pg/mL
(Table 3). This substantial decline indicates
attenuation of neutrophil-associated oxidative
processes and reduced generation of reactive

oxygen species.

Given the established antioxidant

properties of P. longum phytoconstituents, the
observed MPO reflects

inhibition likely

peroxidase-quenching and ROS-scavenging
mechanisms, contributing to suppression of

oxidative amplification during inflammation

[20,21,22].
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Table 3. Effect of Piper longum on MPO activity in LPS-stimulated RAW 264.7

macrophages
glogl;lc:ll)ltration AOD ?I}l/fr)lf:l;e Activity
LPS 0.0093 0.1535
25 0.0040 0.0660
50 0.0016 0.0264
100 0.0011 0.0181

3.3 Inhibition of iINOS activity and nitric

oxide production

The extract significantly downregulated

INOS activity, achieving 50.18% inhibition at

5).

100 pg/mL (ICso = 99.26 pg/mL) (Table 4).
Correspondingly, intracellular nitrite levels
decreased markedly from 792.00 pg in LPS-

treated cells to 492.03 pg at 100 pg/mL (Table

Table 4. Effect of Piper longum on iNOS activity in LPS-stimulated RAW 264.7

macrophages

Concentration (ug/ml)

A OD

Percentage of
Inhibition

LPS

0.0265

0.0000
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25 0.0199 24.9057
50 0.0166 37.3585
100 0.0132 50.1887

Table 5. Effect of Piper longum on cellular nitrate levels in LPS-stimulated RAW

264.7 macrophages
Concentration Concentration of Nitrite
0)))
(ng/ml) (ng)
LPS 0.160 792.00
25 0.157 778.14
50 0.126 625.19
100 0.099 492.03
Nitric oxide overproduction is a hallmark of pathways. Such broad-spectrum regulation

macrophage-driven inflammation. Therefore,
suppression of the iINOS-NO axis suggests
effective modulation of reactive nitrogen
species and inflammatory amplification. These
findings corroborate earlier reports
demonstrating that P. longum extracts inhibit
LPS-induced NO release and iNOS expression
in macrophages [18].

Thus, the methanolic stem extract of P.

longum exhibited a multitarget

antiinflammatory  profile, = simultaneously

modulating COX, LOX, MPO, and iNOS

580

enhances therapeutic relevance and supports its

traditional medicinal application.

4. CONCLUSION
The methanolic stem extract of Piper
significant

longum L. demonstrated

antiinflammatory activity in LPS-stimulated
RAW 264.7

macrophages through

concentration-dependent inhibition of COX,
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LOX, MPO, and iNOS pathways. The marked

reduction in nitrite accumulation further
confirmed effective suppression of nitric oxide

synthesis.

The multitarget enzymatic modulation

observed in this study emphasizes the
pharmacological relevance of P. longum as a
natural  anti-inflammatory  agent.  Future
investigations involving molecular docking,
gene expression profiling, and in vivo validation
further elucidate its

are warranted to

mechanisms and translational potential.
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