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Abstract
Inflammation remains a complex process in host defense system and the pathology caused by it remains unsolved till date. Several
steroidal and non-steroidal anti-inflammatory drugs in current use to treat inflammatory diseases elicit side effects in longer run.
Hence, in order to counteract these outcomes, a pharmacognistic study using a Lamiaceae plant, Plectranthus amboinicus has been
focused in the present study. P. amboinicus commonly known as Indian borage has been used in folk medicine for years in treating
numerous diseases. It is well known for the presence of major phytochemical constituents which possess anti-inflammatory
properties. Assessment of biochemical constituents and molecular mechanisms behind the anti-inflammatory property of
P. amboinicus leaves were carried out in in vivo and in vitro conditions. In vivo studies of formalin-induced nociception and paw
edema in mice and for in vitro condition lipopolysaccharide-induced inflammation using IC-21 macrophage cells were performed.
Aqueous and ethyl acetate leaf extracts of P. amboinicus were analyzed for its phytochemical constituents. Variations in phyto-
chemical components were noticed in GC-MS analysis. The carvacrol containing ethyl acetate extract exhibited higher anti-
nociception in terms of lower paw licking time in the later phase of nociception and lowered hind paw edema volume up to
35%. The biochemical analysis revealed that the oxidative stress markers such as malondialdehyde and antioxidant enzymes have
been modulated upon pretreatment with both extracts and also modulated the expression of inducible nitric oxide synthase,
cyclooxygenase 2, Interleukin-1β, histamine 1 receptor genes and nuclear factor kappa B protein. In addition, nitric oxide inhibitory
effect was observed in P. amboinicus treated IC-21 macrophages. Therefore, the molecular mechanism put forth in this study
provides insights that the presence of carvacrol in ethyl acetate extract enhances anti-inflammatory activity.
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Introduction

The complex multifactorial inflammatory reactions have
evolved to tackle the deadly pathogenic organisms and also
protect the host from harmful chemical stimulus. However,

inappropriate and dysregulated immune responses cause ma-
jor clinical consequences and thereby promote the develop-
ment of various inflammation-mediated diseases (Gupta et al.
2018; Bäck et al. 2019). It ranges from arthritis to atheroscle-
rosis and neurodegenerative diseases such Alzheimer’s
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disease and Parkinsons’s disease (Rea et al. 2018; Gupta et al.
2018). The disease progression and severity is correlated to
the secretion of diverse array of inflammatory mediators such
as cytokines and unregulated production of free radicals in-
cludes reactive oxygen and nitrogen intermediates (Rea et al.
2018). Further acute and chronic pain caused by many
inflammation-mediated diseases further worsens the patient’s
health conditions (Matsuda et al. 2019). Biphasic response is
the result of acute inflammation, which manifests through
pain and edema followed by infiltration of immune cells to
the site of injury and besides, it involves in the destruction of
tissue components that characterize the chronic phase of an
inflammatory cascade (Posadas et al. 2004; Santos et al.
2004). It must also be emphasized that the resolution of on-
going inflammation be tightly regulated to avoid an excessive
or deregulated immune response that could result in tissue
injury and fibrosis or scarring (Lee and Jeong 2002).

The immune system is a central player in both elicitation
and dampening inflammatory responses. Several mediators
that intersect numerous cellular pathways have been reported
(Di Meglio et al. 2005; Korhonen et al. 2005; Tanimoto et al.
2007; Jain et al. 2008; Farivar et al. 2014). However, the
context in which these mediators affect pro- and anti-
inflammatory responses need to be carefully studied.
Another important concern is that there are various side effects
of non-steroidal anti-inflammatory drugs (NSAIDs) such as
opioids and corticosteroids, used presently for management
of pain and are often associated with mild to serious side
effects in a longer run. Hence, the need to develop safer alter-
natives and plant-based therapeutics are increasingly gaining
importance which promises better medicines with lower costs
without the risk of side effects. It is also relevant to discuss the
consequence of oxidative stress mechanisms that exacerbate
ongoing inflammatory signaling cascades. The generation of
reactive oxygen species (ROS) is regulated under normal con-
ditions by cellular antioxidant defense systems. However,
conditions like prolonged or excessive inflammation can dis-
turb the balance in favor of oxidants eventually leading to cell
damage and death (Fukai and Ushio-Fukai 2011; Deponte
2013; Ayala et al. 2014). Several reports emphasize the reduc-
tion in oxidant overload concomitant by restoring cellular
anti-oxidants levels via treatments with potentially bioactive
compounds especially derived from natural sources (Yatoo
et al. 2018).

Lamiaceae includes commercially important genera such
as Plectranthus, Salvia, Ocimum, Thymus, and Mentha that
have been attributed with properties which bestow a rich di-
versity of ethnobotanical benefits (Milica et al. 2016; Marco
et al. 2017; Kolac et al. 2017; Habashy et al. 2018). The genus
Plectranthus has a wide distribution in tropical and warmer
places with more than 300 species inhabiting all over the
world with high abundance in Asia, Africa, and Australia
(Lukhoba et al. 2006). Among them, Plectranthus amboinicus

has widely used for the treatment of various inflammatory
ailments and many of the biomedical properties including
rheumatoid arthritis (Chang et al. 2010) antioxidant
(Praveena and Pradeep 2012), anti-hyperglycemic and anti-
hyperlipidemic (Viswanathaswamy et al. 2011) anti-
inflammatory (Gurgel et al. 2009; Chiu et al. 2012),
nephroprotective (Palani et al. 2010) and anti-tumor (Gurgel
et al. 2009) activities. The observed biomedical effects have
been attributed to the presence of various phytochemical con-
stituents mainly carvacrol a monoterpenoid phenol (Feng and
Jia 2014; Kuo et al. 2017). However, wide variations in the
phytochemical constituents were noticed in the leaf extracts of
P. amboinicus even with similar regional presence
(Arumugam et al. 2016). Chiu et al. (2012) noticed that car-
vacrol was present in the aqueous leaf extract of P.
amboinicus collected from Taiwan. Swamy et al. (2017) re-
ported that carvacrol was obtained from the hexane extract of
Malaysian P. amboinicus but, not in acetone and methanol.
The literature revealed that P. amboinicus is unique to its
origin place and must be tested for its biomedical applications
separately for the particular geographical location. In this con-
nection, molecular mechanism behind the anti-inflammatory
activity of Indian borage plant, P. amboinicus is limited and
need to be investigated thoroughly for getting potential bio-
therapeutic safer anti-inflammatory agents. Therefore, in the
present investigation, we have attempted to study the anti-
inflammatory activity of both aqueous and ethyl acetate-
derived extracts of P. amboinicus against formalin-induced
inflammatory conditions in mice paw edema and LPS-
induced IC-21 macrophage cell line.

Materials and methods

Fine chemicals and reagents

Formalin, superoxide dismutase, epinephrine, 3,3′-diamino-
benzidine tetrahydrochloride (DAB), thiobarbituric acid
(TBA), 1-chloro-2,4-dinitrobenzene (CDNB), reduced gluta-
thione, 5,5'-dithiobis-2-nitrobenzoic acid (DTNB), sulfanil-
amide, N- (1-Napthyl) ethylenediamine dihydrochloride, and
diacetylmonoxime (DAM) were purchased from Sigma
Chemical Company (St. Louis, USA). Primary antibody
p65/NF-κB polyclonal rabbit antibodies were purchased from
BD Bioscience, USA. Secondary antibody goat anti-rabbit
IgG-HRP conjugated, trizol, diethylpyrocarbonate, and
primers were obtained from Genei, Bangalore, India.

Plant material and preparation of crude extracts

Plectranthus amboinicus leaves were collected from sur-
rounding areas of Chennai, Tamil Nadu. The plant was iden-
tified and authenticated at the herbarium facility, Department
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of Botany in Alagappa University. A voucher specimen
(No.201903) was deposited in the Department of Botany in
Alagappa University. About 10 g of P. amboinicus dried leaf
powder was immersed in 100 ml of ethyl acetate at room
temperature with constant stirring for 48 h and filtered to ob-
tain crude ethyl acetate extract. Ten grams of P. amboinicus
leaves were cleaned air-dried and powdered which was boiled
in 100 ml of double-distilled water with constant stirring for 1
h. The resulting extract was filtered, concentrated, and freeze-
dried to obtain the crude aqueous extract.

Phytochemical and biophysical analyses

Qualitative analyses of various phytochemical compounds
were performed for both the aqueous and ethyl acetate-
derived P. amboinicus extracts. The presence of tannins and
phenols were determined by the ferric chloride test, and the
presence of carbohydrates, glycosides, saponins, and
flavonoids was tested according to Yusuf et al. (2014) and
Negi et al. (2018). Fourier-transform infrared (FTIR) spectro-
photometer was utilized to identify possible biomolecules,
and the spectrum was recorded by employing KBr pellet tech-
nique using a PerkinElmer model-983/G detector double-
beam spectrophotometer. Furthermore, we employed the gas
chromatography-mass spectrometer (GC-MS) QP2010 ultra
Shimadzu to identify secondary metabolites of potential bio-
therapeutic significance in our extracts. AnHP5 column (30m
× 0.25 mm × 0.25 μm) was used with a 30 min temperature
program of 80–280 °C at 10 °C/min followed by a 10 min
hold at 280 °C. The injector temperature was 220 °C, and the
flow rate of carrier gas helium was 0.8 ml/min. Identification
of the compound was performed using NIST version 2
(National Institute of Standards and Technology) mass spec-
tral library.

Maintenance of experimental animals

Healthy Swiss albino mice weighing about 20 g were pro-
cured from the Tamil Nadu Veterinary and Animal Sciences
University, Veterinary Hospital, Madhavaram, Chennai. Mice
were hygienically maintained in polypropylene cages with
free access to drinking water and standard rat feed pellets
(Hindustan Lever Ltd). The experiments were conducted ac-
cording to the ethical norms approved by the Government of
India and Institutional Animal Ethics Committee guidelines
(IAEC. No. 02/06/17).

Experimental design for anti-inflammatory study

To test the anti-inflammatory activity of P. amboinicus, mice
were divided into four groups each containing six animals,
and the experiments were carried out in two separate batches
for 24 and 48 h time point in order to observe morphological

changes and pro-inflammatory markers. The dose concentra-
tion of aqueous or ethyl acetate extract administered was se-
lected based on studies conducted by Asiimwe et al. (2014)
and Chiu et al. (2012). Based on study reports, sub-lethal dose
concentration (LD50) was fixed as 100mg/kg bodyweight for
aqueous extract and 50 mg/kg body weight for ethyl acetate
extract, and they were administered orally.

Group I: Mice were injected with phosphate-buffered saline
(PBS) subcutaneously in hind paws and adminis-
tered orally twice with physiological saline

Group II: Mice were injected with formalin (2%) subcuta-
neously in hind paws and orally administered
twice with physiological saline

Group III: Mice were orally administered with aqueous leaf
extract of P. amboinicus (100 mg/kg b.w) for
twice followed by subcutaneous injection of for-
malin (2%) in the hind paw

Group IV: Mice were orally administered with ethyl acetate
leaf extract of P. amboinicus (50 mg/kg b.w) for
twice followed by subcutaneous injection of for-
malin (2%) in the hind paw

Formalin-induced paw edema test

The animals were orally administered with aqueous (100
mg/kg b.w) or ethyl acetate (50 mg/kg b.w) extracts for twice
in the experimental period. Accordingly, the extract was given
on the first day then again repeated after 24 h and followed by
subcutaneous administration of 20 μl of 2% formalin in mice
hind paws was performed. The degree of paw edema volume
was measured in each mouse before and after 25 min of for-
malin injection using vernier caliper (Soyocak et al. 2019).
After 24- and 48-h post formalin administration, the mice
were decapitated, and the hind paw tissues were quickly har-
vested for biochemical analysis.

Anti-nociceptive pain experiment-Formalin test

The nociceptive behavioral response of mice such as jerking,
flexing of injected hind paw, and followed by licking are the
signs of inflammatory pain caused by formalin. Therefore,
formalin test was conducted on mice to know the anti-
nociceptive effect of aqueous and ethyl acetate extracts of
P. amboinicus according to Hort et al. (2018). Twenty micro-
liters of formalin (2% in saline) was injected subcutaneously
in right hind paw of each mice belonging to the above four
groups. Then the mice were placed in a transparent box for
easy viewing. Licking of injected hind paw by mice indicates
the pain as well as nociceptive behavior. In order to quantify
the intensity of nociceptive pain, the total time spent on licking
the injected hind paw of each mouse was calculated by two-
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time intervals (0–3 min for early-phase reaction and 20–
40 min for late-phase reaction).

Assays for oxidant and enzymic anti-oxidant levels

The oxidant and enzymic anti-oxidant assays were carried out
with mouse hind paw tissues from each of the experimental
groups at 24 and 48 h which were weighed separately and
processed in ice-cold conditions for the assays. The tissue
homogenate was prepared in TBS (pH 7.5) using glass hand
homogenizer. The homogenate was centrifuged at 10,000 rpm
for 20 min at 4 °C. The clear supernatant was used for bio-
chemical assays. The proteins present in the homogenates
were estimated by Lowry et al. (1951) using BSA as standard.

Estimation of malondialdehyde (MDA)

The level of malondialdehyde was estimated by the method of
Ohkawa et al. (1979). To 0.2 ml of tissue homogenates, 0.2 ml
of 20% SDS, 1.5 ml of 20% acetic acid, and 1.5 ml of 0.8%
thiobarbituric acid were added. The mixture was made up to
4 ml with double-distilled water and then heated in a water
bath at 95 °C for 60min using glass balls as a conductor. After
cooling, 1 ml of double-distilled water and 5 ml of n-butanol/
pyridine mixture (v/v) were added and shaken vigorously and
centrifuged at 11,000 rpm, for 10 min at 4 °C. The absorbance
was read at 532 nm in a UV spectrophotometer, and lipid
peroxide levels were expressed in nanomoles of MDA/mg
protein.

Estimation of superoxide dismutase (SOD)

Superoxide dismutase was estimated by the method of Misra
and Fridovich (1972). 0.1 ml of the tissue homogenate from
each group was added to tubes containing 0.75 ml of ethanol.
Then, 0.15 ml of chloroform (chilled in ice) was then added
mixed well and centrifuged at 4000 rpm for 5 min at 4 °C.
After centrifugation, supernatant was collected. 0.5 ml of su-
pernatant was mixed with 0.5 ml of EDTA (0.6 mM) solution
followed by 1 ml of bicarbonate buffer (0.1 M, pH 10.2) were
added. The enzymatic reaction was initiated by the addition of
0.5 ml of epinephrine (1.3 mM), and the increase in the absor-
bance was read at 480 nm in a UV spectrophotometer. The
enzyme activity was expressed in units/min/mg protein.

Estimation of catalase (CAT)

Catalase was estimated by the method of Beers and Sizer
(1952). To 0.1 ml of tissue homogenates, 1.2 ml of 50 mM
phosphate buffer (pH 7.0) was added. The reaction was initi-
ated by the addition of 1.0 ml of 30 mM hydrogen peroxide
solution. The decrease in absorbance was read at 240 nm for

3 min at 15 seconds interval in a UV spectrophotometer. The
enzyme activity was expressed in units/min/mg protein.

Estimation of glutathione peroxidase (GPx)

The glutathione peroxidase level was estimated by the method
of Rotruck et al. (1973). To 0.2 ml of tissue homogenates,
0.2 ml of 0.8 mM EDTA, 0.1 ml of 10 mM sodium azide,
0.1 ml of 2.5 mMH2O2, 0.2 ml of 4 mM reduced glutathione,
and 0.4 ml of phosphate buffer (0.4 M; pH 7.0) were added
and incubated at 37 °C for 10 min. The reaction was arrested
by the addition of 0.5 ml of 10 % TCA, and the tubes were
centrifuged at 4000 rpm for 5 min at 4 °C. To the supernatant,
3 ml of 0.3 M disodium hydrogen orthophosphate was added,
and the absorbance was read immediately at 420 nm in a UV
spectrophotometer. The enzyme activity was expressed in
units/min/mg protein.

Estimation of gluthathione-S-transferase (GST)

The activity of gluthathione-S-transferase was estimated by
the method of Habig et al. (1974). To 0.1 ml of tissue homog-
enates, 1.0 ml of 0.3 M phosphate buffer (pH 6.5), 1.7 ml of
double-distilled water, and 0.1 ml of 30 mM 1-chloro-2-4-
dinitrobenzene were added. After incubation at room temper-
ature for 15 min, 0.1 ml of 30 mM GSH was added, and
change in absorbance was read at 340 nm for 3 min at an
interval of 30 s. The enzyme activity was expressed in units/
min/mg protein.

Reverse-transcription PCR analysis

Mouse hind paw tissues from each of the experimental groups
at 24 and 48 h were weighed separately and processed for
isolation of total cellular RNA. The hind paw tissue was pul-
verized in a mortar and pestle using liquid nitrogen until it
became powdery. Subsequently, the total cellular RNA was
extracted using Trizol reagent, and 1 μg of this isolated RNA
from each experimental group was reverse transcribed to
cDNA using Thermo Scientific first-strand cDNA synthesis
kit. This was followed by amplification with primers designed
to facilitate target gene amplification. The primer sequences
for these selected genes were designed using primer-BLAST
(Supplementary Table 1).

Western blot analysis

Mouse hind paw tissues from each of the experimental groups
at 24 and 48 h exposure period were weighed separately and
snap frozen immediately in liquid nitrogen for western blot
analysis. Prior to homogenization, frozen tissue was thawed
and ground in a mortar pestle with approximately 2 ½ times
the weight of tissue in a mild detergent buffer (50 mM Tris
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base, pH 7.4; 100 mM NaCl, 10% glycerol and 1% Triton X
100) on ice supplemented with freshly prepared 1 mM phenyl
methyl sulfonyl fluoride (PMSF). Homogenates were centri-
fuged, and resulting clear supernatants were designated as the
cytosolic fraction. This pellet was further treated in a solubi-
lization buffer (100 mM Tris base, pH 7.4; 150 mM NaCl,
10% glycerol and 1% SDS with PMSF) at half the volume of
mild detergent buffer used in preceding step. The resulting
supernatant from the second centrifugation step was consid-
ered as the nuclear fraction. One hundred micrograms of each
fraction from all experimental groups was electrophoresed
under reducing denaturing conditions.

After electrophoretic separation, the gel was blotted onto a
nitrocellulose membrane, blocked, and then incubated with
the primary antibody, i.e., anti-IL-1β and p65/NF-κB poly-
clonal rabbit antibodies from (Santa Cruz, USA) at a dilution
of 1:500, respectively and loading control beta-actin at a dilu-
tion of 1:10,000 followed by incubation with secondary anti-
body, goat anti-rabbit IgG-HRP conjugate at a dilution of
1:2000.

Cell culture

The IC-21 peritoneal macrophage was purchased fromNCCS,
Pune. The transformed cell line was maintained in RPMI-
1640 medium containing 10% heat inactivated fetal bovine
serum and 2 mM L-glutamine at 37 °C, 5% CO2. The cells
were cultured in 25-cm2 culture flasks at 37 °C in a humidified
atmosphere of 5% CO2 and were subcultured when they
reached 90–100% confluence using PBS.

Alamar blue cytotoxicity assay

Cytotoxicity of aqueous and ethyl acetate leaf extracts of
P. amboinicuswas tested in IC-21 macrophage cell line using
alamar blue dyemethod. Themacrophage cells were seeded in
a flat bottomed 96-well plate at a density of 1 × 104 cells per
well and allowed to reach confluence provided with 10% FBS
containing RPMI-1640 medium. Once confluence is reached,
the 10% FBS containing medium is removed, and the cells
were maintained in 0.5% containing RPMI-1640 medium for
overnight. Two different concentrations (125 and 250 μg/ml)
of aqueous or ethyl acetate extract of P. amboinicus were
added to the wells and incubated for 24 h. After incubation
0.1% 10μl of alamar blue was added to the treated and control
wells and incubated for 5 h in the incubator. Cells with regular
culture medium only are considered as positive control, and
wells with culture medium without cells is considered as a
negative control. Absorbance was measured at 570 nm and
in 600 nm using (Power waves XS). Alamar blue reduction
was calculated, and the percentage viability was obtained after
normalizing the data by untreated control cells. Untreated con-
trol cells served as 100% cell viability.

In vitro assessment of anti-inflammatory activity in
LPS-induced IC-21 macrophage

The nitric oxide inhibition activity of P. amboinicus was per-
formed using Griess reagent according to Hsieh et al. (2007).
To determine the in vitro anti-inflammatory effect of aqueous
and ethyl acetate extracts of P. amboinicus, the IC-21 macro-
phage cells were induced by adding with 1.0 μg/ml of LPS for
24 h. Before starting the experiment, it was ensured that each
well in the 96-well flat-bottom plates contains 2 × 105 cells.
LPS was added and incubated for 24 h in control well or wells
containing 125 μg/ml aqueous extract or 125 μg/ml ethyl
acetate extract pretreated macrophages for 12 h. Control well
consists of PBS instead of extracts. After exposure, the re-
leased nitric oxide present in the cell culture medium was
quantified as nitrite using Griess reagent. One hundred micro-
liters of cell culture supernatant from a well was mixed with
100 μl of Griess reagent (1% sulfonilamide and 0.1% N- (1-
Napthyl) ethylenediamine dihydrochloride) and incubated for
20 min in dark. The absorbance was measured at 540 nm in
ELISA microplate reader against suitable reagent blank. The
concentration of NO was calculated using the standard graph
derived from various concentrations of sodium nitrite, and the
NO was expressed as μM nitrite released.

Statistical analysis

The statistical significance was assessed by using SPSS/10.0
software. The comparisons between different groups were
performed with the Student’s t test. The minimum accepted
level of statistical significance was p < 0.05 in all cases.

Results

Analysis of essential bioactive compounds

Presence of various bioactive compounds in different plant
parts is essential for successful usage in folk medicine.
Results from our qualitative phytochemical analysis revealed
that the presence of carbohydrates, flavonoids, and saponins
in both aqueous as well as ethyl acetate-derived extracts from
leaves of P. amboinicus (Table 1). However, certain phyto-
chemical compounds like glycosides, terpenoids, and steroids
were detected only in the ethyl acetate-derived leaf extract of
P. amboinicus. Furthermore, GC-MS chromatogram revealed
peaks that correspond to 9-octadecenoic acid methyl ester and
methyl stearate in the aqueous-derived fraction (Fig. 1a).
Moreover, the important terpenoid compound carvacrol was
identified only in ethyl acetate-derived leaves extract of P.
amboinicus (Fig. 1b). In addition, FTIR analysis of the aque-
ous extract revealed a broad peak at 3355/cm which indicated
the presence of -NH and represents secondary amine group.
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The peak at 1583/cm indicate the presence of a carbonyl
group. Further, peaks at 1080/cm and 1405/cm show the pres-
ence of the amide group. The FTIR results of ethyl acetate
extract are as follows: peak at 3432/cm indicates the presence
of a secondary amine or amide group, peaks at 2929, 2937,
1466, 1375, 1264, and 1022/cm indicate the presence of ali-
phatic compounds, and peak at 1714/cm suggests the presence
of ketone group (Supplementary file. 1 a & b).

Anti-nociceptive effect of P. amboinicus extracts

The nociceptive pain first originates when the nerve endings
are damaged at first 0–3 min of exposure to toxic stimuli
followed by the release of inflammatory mediators at 20–40
min duration. The aqueous and ethyl acetate extracts of leaves
of P. amboinicus have reduced the noxious pain caused by the
formalin injection in mice. The aqueous extract pretreated
mice showed 30.98% reduction in paw licking time of

formalin-injected hind paw (p < 0.05; Fig. 2) whereas the
ethyl acetate extract pretreatment reduced to 48.42% over for-
malin alone-injected mice (p < 0.01; Fig. 2). However, anti-
nociceptive effect of P. amboinicuswas observed only during
later phase of inflammation (20–40 min) but it had no effect
on initial phase of reaction (0–3 min; p ˃ 0.05).

In vivo anti-inflammatory effect of P. amboinicus in
formalin-induced paw edema model

Reduction of swelling in the injured tissue caused by the in-
flammatory agent is the beneficial sign of recovery from the
inflammation. In the present study, injection of 20 μl of 2% of
formalin, in the dorsal plantar region of the hind paw region,
caused edema in this region (Fig. 3). However, mice
pretreated with aqueous and ethyl acetate extracts showed
protection from formalin-induced inflammatory edema (Fig.
3). 25.21% reduction of paw edema volume within 30 min
was noticed in aqueous extract pretreated mice (p < 0.05).
However, higher anti-inflammatory activity was observed in
ethyl acetate extracts of P. amboinicus leaves as it reduced
34.76% paw edema volume at 25 min (p < 0.01). Hind paw
edema volume measurements revealed a significant reduction
in paw edema volume in mice which was correlated with a
visible reduction in edema and tissue redness of groups III and
IV compared to group II (Supplementary file 2). The reduc-
tion in paw edema volume at an earlier stage such as 30 min
after the formalin insults revealed that the components present
in the extracts might inhibit the action of inflammatory
markers that caused the inflammatory pain.

Effects of P. amboinicus extract on the restoration of
cellular antioxidant defences

Formalin injection in the mice hind paw is known to induce
inflammatory conditions in mice. Initiation of neuropathic
pain followed by inflammatory pain in the injured tissue

Table 1 Phytochemical constituents present in the leaf extracts of
Plectranthus amboinicus

Bioactive agents Ethyl acetate extract* Aqueous extract*

Carbohydrates + +

Tannins − −
Steroids + −
Flavonoids + +

Alkaloids − −
Saponins + +

Phenols - -

Glycosides + −
Terpenoids + −

*Data represent concordant values obtained from three determinations

+ indicates presence

− indicates absence

Fig. 1 GC-MS analysis of leaf extracts of P. amboinicus. a Aqueous extract. b Ethyl acetate extract
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caused huge alteration in the normal antioxidant enzymatic
system. In order to identify the protective effects of leaf extract
from P. amboinicus in formalin-induced paw edema model,
the inflammatory tissues recovered after 24 and 48 h period
was evaluated for its antoxidation potential. In line with this,
we observed nearly a twofold increase in the level of MDA in
group II mice which were considerably reduced in groups III

and IV animals that were orally administered with aqueous
and ethyl acetate extract respectively (Table 2). This was sta-
tistically significant (**p < 0.01) when compared to group II
animals at 24 and 48 h time points. By contrast, a decrease in
SOD level in group II mice when compared to control animals
(group I). However, animal administered with aqueous or eth-
yl acetate extract (groups III and IV) were significantly
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mice twice followed by formalin (2%) injection in the hind paw. Mean ±
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with extract treated groups with Student’s t test. Statistical significance
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Fig. 3 Effects anti-inflammatory activity of aqueous and ethyl acetate
extracts of leaves from P. amboinicusin formalin-induced paw edema in
mice before 30 min duration. At 25th minute after the injection of
formalin, the hind paw edema volume was measured in all four groups
of mice by using vernier caliper. Group I: mice were injected with PBS
subcutaneously in hind paws and gavaged orally twice with physiological
saline; group II: mice were injected with 20 μl of formalin (2%) in hind
paw and orally gavaged twice with physiological saline; group III:

aqueous leaf extract (100 mg/kg b.w) pretreated mice followed by
formalin (2%) injection in the hind paw; group IV: Ethyl acetate leaf
extract (50 mg/kg b.w) pretreated mice followed by formalin (2%)
injection in the hind paw. Mean ± SD values were represented here.
The differences in mean paw edema volume of Group II mice were
compared to Groups III and IV mice by student’s t test. Statistical
significance * indicates p < 0.05 and ** indicates p < 0.01
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increased when compared to group II animals (Table 2). The
enzymic antioxidant levels of other major cellular mediators
such as catalase, glutathione system-associated enzymes like
glutathione peroxidase (GPx), and glutathione S-transferase
(GST) were all found to be decreased in formalin alone-
injected mice (group II) at both 24 and 48 h. Oral administra-
tion of either extract, in groups III and IV animals, restored
antioxidant levels similar to control mice (group I). In all the
aforementioned assays, we unambiguously report that levels
of cellular antioxidants from group IV to be statistically sig-
nificant at (**p < 0.01) while those from group III to be
statistically significant (*p < 0.05) compared to group I treat-
ed animals (Table 2).

Effects of aqueous leaf extract from P. amboinicus on
pro-inflammatory genes

The relative percentage of expression of candidate genes in
formalin-induced paw edema was analyzed using the expres-
sion of GAPDH in control animal as 100%. iNOS expression
showed no significant modulation in formalin injected (group
II; lane ii) and aqueous treated (group III; lane iii) animals at
24 h compared to group I animals (Fig. 4a; lane i). On the
other hand, treatment of mice with aqueous extract and for-
malin for 48 h showed a significant reduction of inducible
nitric oxide synthase (iNOS) expression (Fig. 4b; group III;
lane iii). Interleukin-1beta (IL-1β) was markedly elevated in
aqueous extract treated (Fig. 4a; group III; lane iii) at 24 h time
point but moderately decreased (*p < 0.05) at 48 h time point
in (Fig. 4b; group III; lane iii). In addition, minimal changes
were observed in H1R gene expression at both 24 and 48 h
(Fig. 4a, b group III; lane iii). As shown in Fig. 5, there was no
observable difference of expression in pro-form of IL-1β cy-
tokine at 24 h, whereas a noticeable reduction was observed at
48 h in (group II; lane ii) mice. Furthermore, we probed for the

active form of cytokine at 24 h revealed an intriguing feature
with respect to the processing of pro-IL-1β to the mature
active cytokine. Aqueous-derived leaf extract administered
mice in (group III; lane iii) demonstrated a reduction (*p <
0.05) in the mature form of inflammatory cytokine as opposed
to group II treated mice. In the extended period of 48 h, group
III treated mice exhibited a comparable level in pro-IL-1β to
that of group I (*p < 0.05) and relatively higher than mice
hind paw homogenates of group II mice (Fig. 5). Analysis of
inflammatory marker genes revealed that the aqueous extract
prepared from leaves of P. amboinicus had modulatory activ-
ity on immune genes thereby it reduces the inflammation.

Effects of ethyl acetate leaf extract from
P. amboinicus on pro-inflammatory genes

The relative expression of pro-inflammatory genes like iNOS,
IL-1β, and cyclooxygenase-2 (COX-2) was assayed in all
experimental mice. As shown in Fig. 6a, b, pro-
inflammatory genes were increased significantly in group II
animals which were injected with 2% formalin alone. In con-
trast, oral gavaging the mice with ethyl acetate derived leaf
extract from P. amboinicus (group IV; lane iii) led to a signif-
icant reduction (*p < 0.05) of pro-inflammatory genes such as
iNOS, IL-1β, and COX-2 at both 24 and 48 h time point (Fig.
6a, b).

Effects of leaf extracts from P. amboinicus regulates
on p65/NF-κB nuclear translocation

The role of NF-κB as a major regulator during inflammation
was characterized via assaying for cytosolic p65/NF-κB in all
the experimental groups at both 24 and 48 h, respectively.
Animals injected with formalin alone revealed a decreased
level in p65/NF-κB (Fig.7A, B; group II; lane ii) compared

Table 2 Effects of aqueous and ethyl acetate extracts of P. amboinicus
on levels of oxidants and antioxidants activity in mice hind paw edema
tissue at 24 and 48 h. Each value represents the mean ± SD of 3

determinations using samples from different preparations. Values were
considered to be statistically significant (*p < 0.05; **p < 0.01)

Parameters tested Test conditions

Group I Group II Group III Group IV

24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h

Malondialdehyde (nmoles
of MDA/mg protein)

2.35 ± 0.191 2.39 ± 0.416 5.07 ± 0.19* 6.41 ± 0.58* 3.27 ± 0.82* 4.40 ± 0.59* 2.2 ± 0.57** 2.36 ± 0.38**

Superoxide dismutase
(units/min/mg protein)

25.7 ± 0.64 28.65 ± 0.56 20.57 ± 1.3* 18.26 ± 0.82* 22.76 ± 0.63* 28.46 ± 0.42** 25.52 ± 1.36** 22.18 ± 1.44*

Catalase (units/min/mg protein) 9.19 ± 0.91 9.76 ± 0.70 3.97 ± 0.21* 3.79 ± 0.83* 5.09 ± 0.41* 7.0 ± 1.04* 8.12 ± 0.80** 9.13 ± 0.76**
Glutathione-s-transferase

(units/min/mg protein)
6.28 ± 0.76 5.64 ± 0.61 3.11 ± 0.69* 2.33 ± 0.69* 4.98 ± 0.82* 3.44 ± 0.56* 5.89 ± 0.78** 4.93 ± 1.01**

Glutathione peroxidase
(units/min/mg protein)

4.47 ± 0.65 4.75 ± 0.81 1.49 ± 0.43* 1.00 ± 0.16* 2.87 ± 0.43* 2.05 ± 0.80* 4.14 ± 0.47** 4.36 ± 0.59**
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to control (group I; lane i). However, p65/NF-κB expression
increased in animals administered with aqueous or ethyl ace-
tate extracts from P.amboinicus (Fig. 7A, B; groups III and
IV; lane iii) which was similar to that of control.

Cytotoxicity and in vitro anti-inflammatory activity of
extracts

Before assessing the anti-inflammatory activity, the aqueous
and ethyl acetate leaf extracts from P. amboinicuswere tested
for its cytotoxicity in IC-21 macrophages. Twenty four hour
exposure of extracts at two different concentrations (125 and
250 μg/ml) to IC-21 macrophages did not produce any signif-
icant changes in the viability of IC-21 macrophages (p ˃ 0.05;
data not shown). LPS at 1 μg/ml for 24 h exposure elicited the
inflammatory condition in IC-21 macrophages by releasing a
large amount of nitric oxide. The generation of nitric oxide by
macrophages upon exposure indicates the inflammation in
LPS alone IC-21 macrophages. As shown in Fig. 8, the

maximal tested concentration of aqueous extract (250
μg/ml) inhibited the 37.31% of nitric oxide generation (p <
0.001). However, ethyl acetate extract pretreated IC-21 mac-
rophages effectively curtail 52.24% of LPS-mediated genera-
tion of nitric oxide at 250 μg/ml concentration level (p <
0.001).

Discussion and conclusion

Leaves of Plectranthus amboinicus are consumed since an-
cient times due to its strong aroma and medicinal properties.
P. amboinicus is an edible herb widely used in food supple-
ments in India, Mexico, and South-East Asian countries. It is
one of the major natural sources for treating conditions like
inflammation, skin allergies, indigestion, asthma, heart failure,
and snakebite (Lukhoba et al. 2006). However, wide varia-
tions in the presence of biochemical constituents were noticed
in the leaves of P. amboinicus collected from different regions

Fig. 4 Effects of aqueous leaf
extract of P. amboinicus on
inducible nitric oxide synthase,
histamine-1 receptor and
interleukin-1 beta gene
expression in formalin induced
paw edema mice at 24 and 48 h.
lane i: group I; lane ii: group II;
lane iii: group III. The data are
considered to be statistically
significant at (*p < 0.05)
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of the world (Arumugam et al. 2016; Swamy et al. 2017).
Therefore, in the present study, two different extracts were
prepared from P. amboinicus and tested for their efficacy in
formalin-induced paw inflammation in mice. Formerly to this,
we sought to identify the different phytochemical components
present in both the extracts by analyzing qualitatively. The
aqueous and ethyl acetate leaf extracts of P. amboinicus were
observed to possess flavonoids as well as saponins, and it has
been previously reported that their presence in the aqueous
and ethyl acetate extract showed antioxidant and anti-
inflammatory properties (Nile et al. 2018). Variations in the
phytochemical components in the leaf extract of
P. amboinicus have been noticed previously (Arumugam
et al. 2016; Uma et al. 2011; Swamy et al. 2017). GC-MS

analysis revealed that the carvacrol (C10H14O; CAS: 499-75-
2) was present in the ethyl acetate-derived leaf extract from
P.amboinicus but, not in the aqueous extract. The volatile
terpenoid has been reported to be a major constituent in es-
sential oils obtained from leaf extracts (Govindaraju and
Arulselvi 2017). Further to this, several studies have noted
the biological significance of this compound in eliciting potent
anti-inflammatory, antioxidant, and anti-apoptotic activities
(Arigesavan and Sudhandiran 2015). Interestingly, Cui et al.
(2015) reported that carvacrol induced suppression of NF-κB
signaling in vitro study. In a related study utilizing the
Freund’s complete adjuvant-induced paw edema, inflamma-
tion in mice was decreased while administration of 50 and 100
mg/kg of carvacrol as well as reduced IL-1β, COX-2

Fig. 5 Western blot analysis of IL-1β protein expression in control and
P. amboinicus aqueous leaf extract pretreated conditions in formalin
induced paw edema in mice at 24- and 48-h period. a 24 h: lane i,
group I; lane ii, group II; lane iii, group III. b 48 h: lane i, group I; lane
ii, group II; lane iii, group III. The SDS-PAGE under non reducing

condition was processed for western blot analysis and blots were pre-
incubated was pre-incubated with anti- IL-1β polyclonal rabbit
antibody (1:500 dilution) and then with goat anti-rabbit IgG-HRP
conjugate (1:2000 dilution). The data is statistically significant (*p <
0.05)
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expression in addition, upregulated anti-inflammatory IL-10
production (Lima et al. 2013). FTIR spectrum is a reliable and
sensitive method to detect the biomolecular composition of
plant extracts. Our results revealed that the aqueous extract
predominantly contains amide groups due to the presence of
polar proteins. The ethyl acetate extracts, in addition to sec-
ondary amines, also possess ketones, amides, and aliphatic
compounds. Interestingly, clustering of peaks highlighted
the overlap of constituents present in an extract with closely
related functional groups.

Management of pain in an inflammatory disease condition
is still a challenging task, whereas 80% of older people suffer
worldwide (Sjöling et al. 2005). Nociception is the physiolog-
ical ability of the nervous system to detect and counteract
against noxious tissue-damaging agents. Chronic inflammato-
ry disease like rheumatoid arthritis has been majorly linked to

nociceptor neurons and inflammatory cells (Pinho-Ribeiro
et al. 2017). Therefore, the use of anti-nociceptive agents
would minimize the inflammatory reaction that would curtail
pain. Reduction in nociception stimuli is achieved at the initial
and later phase of formalin-induced nociception test. In the
present study, both the extracts of P. amboinicus significantly
reduced the paw licking time thereby protecting the mice from
the later phase of nociception process. Ethyl acetate extract
showed potent anti-nociceptive property as it reduces 48% of
paw licking time in formalin-injected mice. Zakaria et al.
(2018) reported that methanolic leaf extract of Clinacanthus
nutans reduces the capsevicin-induced nociception in mice.
Similarly, Eugenol extracted from Eugenia cariophyllata re-
duced the number of flinches and shakes in formalin-induced
nociception in rat (Lugo-Lugo et al. 2019). Meantime, the
aqueous and ethyl acetate extracts of P. amboinicus

Fig. 6 a, b Effects of ethyl acetate leaf extract of P. amboinicus on
inducible nitric oxide synthase, interleukin-1 beta, and cyclooxygenase-
2 gene expression in formalin induced paw edema mice at 24 and 48 h.

Lane i, group I; lane ii, group II; lane iii, group IV. The data are
considered to be statistically significant at (*p < 0.05)
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significantly reduced the paw edema swelling in formalin-
injected mice. However, the highest percentage of edema
inhibition was noticed in ethyl acetate extract pretreated
mice. Similarly, Ghildiyal et al. (2013) and Madhuri et al.
(2016) reported that Laghupanchamoola herbal formula-
tion and aqueous extract of Mangifera indica reduced the
formalin-induced hind paw edema in mice and rat respec-
tively. Therefore, in the present study, the leaf extracts
prepared from Indian borage P. amboinicus exhibited
anti-nociceptive and anti-inflammatory activities in the
formalin-induced mice model. Increased anti-inflammatory
activity was observed in ethyl acetate extract of

P. amboinicus due to the presence of carvacrol and its
compounding effect with other phytochemical components
present in the extract.

Maintenance of cellular redox balance is crucial in nor-
mal physiology and perturbations were noticed in inflam-
mation and disease conditions (Trachootham et al. 2008).
The cellular insult was visualized by the generation of ROS
through different mechanisms that dealt with a different
combination of potent antioxidant mediators here forth
eventually redresses an imbalance in cellular homeostasis
(Aprioku 2013). The major ROS generated includes super-
oxide anion, hydroxyl radical, nitric oxide, and peroxides.

A

B

Fig. 7 A Effects of a aqueous leaf extract and B ethyl acetate leaf extract
of P. amboinicus on p65/NF-κB protein expression in formalin-induced
paw edema mice at 24 and 48 h. A (a) Lane i, group I; lane ii, group II;
lane iii, group III.A (b) Lane i, group II; lane ii, group I; lane iii, group III.

B (c) Lane i, group II; lane ii, group I; lane iii, group IV. B (d) Lane i,
group I; lane ii, group IV; lane iii, group II. The data is statistically
significant (*p < 0.05)
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It is reported that essential oil of P. amboinicus possesses
significant antioxidant property both in in vitro and in vivo
model which may be due to the presence of phytochemical
constituents. In the present study, we assessed the cellular
levels of different antioxidant enzymes in addition to lipid
peroxidation product that is reliable as an oxidant stress
marker. During edematous condition, lipid peroxidase
seems to play an important role in producing oxidative
stress (Goulart et al. 2005). It is known that formalin in-
duces its pro-inflammatory activity via promoting oxida-
tive stress, oxidant-mediated cell damage, and as a conse-
quence depleting levels of cellular antioxidant enzymes.
Treatment with either of the P. amboinicus-derived ex-
tracts attenuated such oxidant mediated detrimental effects
against formalin-induced paw edema tissue.

The complex interplay of transcription factors like NF-κB
and pro-inflammatory mediators like IL-1β, IL-6, and TNF-α
and COX-2 produced during inflammation are of major
concern. Histamine, a main mediator of allergy, produces
inflammatory symptoms like vasodilation, swelling, as well
as redness at the injured site, and its signaling is mainly reg-
ulated by H1 receptor (Fukui 2008) that plays a central role in
acute inflammation (Benly 2015; Gilmore 2006). A search of
plants with potential anti-inflammatory property is in lime-
light in current research studies, and plants belonging to
Lamiaceae family have been explored widely for its anti-
inflammatory properties in recent years. The oil and water

extracts of Thymus vulgaris in synergism with ethanolic
extract of Chlorella vulgaris has been reported to possess
anti-inflammatory property by curing hydrocortisone-
induced osteoporosis in rat through dampening major inflam-
matory genes expression like NF-кB, COX-2, and TNF-α in
bone cells (Abu-Serie and Habashy 2018). Methanolic extract
of Sideritis bilgeriana has been found to reduce the expres-
sion of pro-inflammatory cytokines like IL-1β, TNF-α,
IL-6, NF-κB, and the extract was stated to possess anti-
inflammatory as well as anti-neuropathic properties (Mariana
et al. 2020). Therefore, we tested, the ability of aqueous and
ethyl acetate leaf extracts of P. amboinicus was investigated,
whether it can dampen the gene as well as protein expression
of inflammatory mediators like iNOS, IL-1β, COX-2, and
H1R. Our results from gene expression analysis, via amplifi-
cation of cDNAs from different experimental groups at 24 and
48 h, revealed that aqueous derived extract seemed to dampen
the pro-inflammatory cytokines like iNOS and IL-1β in
formalin-induced tissues at 48 h, whereas a marginal decrease
is observed in H1 receptor expression of group III aqueous
treated mice at 24 h. However, ethyl acetate extract revealed a
considerable downregulation of the expression of major pro-
inflammatory genes like iNOS, IL-1β, and COX-2 in group
IV mice at both 24 and 48 h time points.

The most interesting fact was that the results obtained
for the protein expression levels and their modulations
across different experimental groups were examined using
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Fig. 8 In vitro anti-inflammatory activity of aqueous and ethyl acetate
extracts of leaves from P. amboinicus on LPS-induced inflammation in
IC-21macrophages. The anti-inflammatory activity ofP. amboinicuswas
quantified by the degree of inhibition of nitric oxide generation in
macrophages upon LPS stimulation (1 μg/ml). The nitric oxide
generation by macrophages was quantified with Griess reagent by
measuring the stable end product nitrite present in the cell culture
medium. Control consists of macrophages alone without LPS elicitor;

LPS alone group consists of macrophages were elicited by LPS for 24
h; the treated groups consists of either P. amboinicus leaves aqueous
extract or ethyl acetate extract pretreated macrophages for 12 h period
followed by LPS induction for 24 h. Mean ± SD values were represented
here. The mean difference between LPS alone group versus extract
pretreated groups was compared by student’s t test. * indicates p <
0.01; ** indicates p < 0.001 statistical significant differences observed
between the mean values

409Comp Clin Pathol (2021) 30:397–413



the western blotting technique for samples at 24 and 48 h.
The NF-κB has been known to regulate inflammatory sig-
naling, and its subunits are sequestered in the cytosol as an
inactive complex by binding to its inhibitory factor, IκB-α,
(inhibitory kappa B kinase) in non-stimulated cells
(Kuntzen et al. 2007). Upon stimulation with pro-
inflammatory signals, IκB-α is phosphorylated by IκB-α
kinase (IKK) through ubiquitin-mediated degradation, and
the resulting free NF-κB is translocated to the nucleus and
acts as a major transcription factor of inflammatory medi-
ators (Mitchell et al. 2016). We observed the level of
cytosolic inactive p65 subunit of NF-κB to be lowest in
group II indicating translocation of p65 subunit at nucleus
to activate NF-κB-mediated transcription. On the other
hand, groups III and IV mice exhibited significant reten-
tion of p65 subunit comparable to that of group I. The p65
subunit of NF-κB is mainly involved in governing the
molecular mechanism of SOD gene, which is induced by
various stimuli like LPS, TNF-α and IFN-γ, and also
induction of SOD has been reported to play an important
role in inflammation as well as oxidative stress (Kayoko
et al. 2000). In our result, we observed complete seques-
tration of p65 subunit in the aqueous treated group at 48
h, and increased level of SOD was also observed in a
similar group at 48 h. It is a common understanding that
NF-κB translocation to the nucleus results in the tran-
scription of pro-inflammatory genes. However, it must
be emphasized that the dual role of this transcription fac-
tor can modulate the expression of genes which also in-
fluence cell survival, growth, and response to cellular
stress (Hazuda et al. 1990). Henceforth, the results obtain-
ed from other experiments undertaken so far indicate mit-
igation of cellular stress induced by formalin upon extract
supplementation.

Furthermore, we probed the possible modulation in pro-
tein expression of a downstream mediator of NF-κB, a pro-
inflammatory cytokine IL-1β to study its modulation
among the three experimental groups. It is a well-known
fact that precursor and inactive form of IL-1β protein (at
approximately 37 kD molecular weight) is processed by
inflammasome complex that includes caspase-1 to result
in the release of mature cytokine that exerts its pro-
inflammatory effects. It is reported that activation of
NF-κB signaling pathway could, in turn, promote
inflammasome mediated processing of pro-IL-1β to its ac-
tive form. Western blot data revealed that pro-form of the
cytokine was found to be expressed relatively the same in
all groups at 24 h. However, this was not the case further at
48 h, in group II mice paw homogenates it exhibited a
decrease in the level of inactive protein. It can be construed
that an inactive precursor would have been proteolytically
processed into a mature form of the protein which would
trigger inflammation. We also attempted to probe for a

mature form of IL-1β, but only at an earlier time point of
24 h, wherein we demonstrated that processing of the pre-
cursor to an active form of cytokine which was lowered in
group III mice. This would indicate that aqueous derived
leaf extract preferentially targets the post-translational
modification of IL-1β and this certainly warrants further
investigation. The possible mechanism of action of extracts
from P. amboinicus on mice formalin-induced inflamma-
tion was summarized in Supplementary file 3.

The in vitro analysis of aqueous or ethyl acetate extract
of P. amboinicus has a less toxic effect on IC-
21macrophage cells. The previous study has reported that
the extract of P. amboinicus has membrane-stabilizing
property in in vitro condition (Devi and Periyanayagam
2010). Further, in vitro anti-inflammatory activity of
P. amboinicus extracts was revealed and found to have a
protective effect against LPS-stimulated inflammatory
conditions by curtailing the NO generation by 52% when
compared to untreated IC-21 cells. Pretreatment of aque-
ous and ethyl acetate extracts of P. amboinicus leaves
protected the LPS-mediated cellular insult by scavenging
the potent inflammatory mediator NO. Wang et al. (2008)
reported that ethyl acetate extract of Lindera erythrocarpa
fruits inhibited the NO production in LPS-induced inflam-
mation in RAW 264.7 macrophages. Similarly, the aque-
ous leaf extract of Taiwanian P. amboinicus pretreatment
significantly reduces the NO generation in LPS-induced
RAW 264.7 macrophage cell line (Chiu et al. 2012).
Excess production of NO in inflammatory condition causes
tissue injury in rheumatism (Clancy et al. 1998) and sev-
eral neurodegenerative disorders (Liu et al. 2002).
Therefore, NO inhibition was considered as a potential
therapeutic option for many inflammatory diseases. The
potent NO inhibitory activity observed in the ethyl acetate
extracts of Indian P. amboinicus leaves may act as a suit-
able candidate for alternative medicine.

Based on the above results, we may conclude that
leaves of P. amboinicus possess anti-nociception activity
thereby it acts as a pain-relieving agent and reduces the
paw edema volume in formalin-induced inflammatory
condition together proved that it is an ideal medicinal
plant for treating inflammatory disease conditions.
Furthermore, antioxidant property noticed in formalin-
induced edematous conditions by reducing the lipid peroxida-
tion and increasing the antioxidant enzymes proved to be ideal
for routine usage. The molecular mechanism behind the
Indian P. amboinicus revealed that the leaf extracts have
inhibited the p65/NF-κB subunit nuclear translocation by
blocking IκB-α degradation thereby downregulating the pro-
inflammatory genes such as iNOS, IL-1β, COX- 2, and
TNF-α in formalin-induced inflammatory condition.
Moreover, NO inhibitory activity in LPS-stimulated IC-21
cells further warrants for their anti-inflammatory activity.
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