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Abstract The aim of this study is to elucidate the anti-inflammatory activities of chopi (Zanthoxylum piperitum A.P. DC.)
essential oil. Essential oil (EO) of chopi was extracted by steam distillation method, and its major constituents were limonene
and geranyl acetate. Chopi-EO decreased approximately 38% of nitrite production, as compared to the lipopolysaccharde
(LPS)-induced nitrite production. However, chopi-EO and its components did not quench nitric oxide (NO) chemically in cell-
free system, and markedly inhibited approximately 40.4% of inducible nitric oxide synthase (iNOS) mRNA transcription. In
addition, the inhibition of E-selectin gene transcription by chopi-EO caused the suppression of cellular adhesion. These results
suggest that chopi-EO may exert potential anti-immunological inflammatory activity.

Keywords: chopi, Zanthoxylum piperitum A.P. DC, essential oil, inflammation, interleukin, E-selectin

Introduction

Nitric oxide (NO) and inducible nitric oxide synthase
(iNOS) have a significant pathophysiological role, being
involved in the development and/or exacerbation of
inflammation in many cells, including murine macrophages,
hepatocytes, endothelial cells, and human monocytes/
macrophages (1). Expression of iNOS, which catalyzes the
production of large amounts of NO from L-arginine and
molecular oxygen, is triggered by inflammatory cytokines
such as interleukin (IL)-1β, tumor necrosis factor (TNF)-α,
and bacterial lipopolysaccharide (LPS) in murine macro-
phages (2,3). NO, in turn, participates in the inflammatory
response of macrophages (4). Therefore, inhibiting high-
output NO production by blocking iNOS production or
activity may be a useful strategy for treatment of inflammatory
disorders.

Chopi (Zanthoxylum piperitum A.P. DC), belonging to
Rutaceae family, has been mainly used for seasoning a
food and medicines for strengthening of stomach, antiseptic,
diuresis, and neuralgia in Korea, Japan, and China (5).
Chopi has been investigated mainly for the composition of
volatile aroma, the stimulant effect, and the antimicrobial
activity for Escherichia coli and Staphylococcus aureus.

Recently, the essential oils (EOs), which are volatile
plant secondary metabolites, have been attracted attention
for the usages in pharmacy, medicine, food, and beverages,
cosmetics, perfumery, and aromatherapy. EOs have been
shown to have the bactericidal, antioxidant (6), and anti-
inflammatory effects on suppression of pro-inflammatory
mediator production (7). Additionally, it has been reported
that pro-inflammatory cytokines, such as IL-1β, modulate

the expression of cyclooxygenase (COX)-2 through nuclear
factor (NF)-κB, which is implicated in gene expression, in
human neuroblastoma cell and tracheal smooth muscle (8).
Considering these findings, it can be speculated that a
spinal cytokine/NF-κB/COX-2 pathway may play an important
role in the development of chronic pain following
peripheral tissue inflammation. IL-6 is a multifunctional
cytokine that play a central role in both innate and acquired
immune responses, which is triggered by infection and
inflammation.

In early stage of an immunological inflammatory disease,
the adherence of monocyte to human umbilical vein
endothelial cell (HUVEC) monolayer is elevated. Cellular
adhesion molecules (CAMs) are stimulated by inflammatory
mediators, such as TNF-α and ILs. Up-regulated expression
of CAMs increases the adhesion of monocyte to HUVEC
monolayer, and is involved in rheumatoid arthritis (RA)
and atherosclerosic responses (9).

So far, relatively little research has been carried out on
anti-inflammatory activities of chopi-EO. To elucidate the
mechanism for potential anti-inflammatory activities of
chopi-EO, it was investigated the EO composition of chopi
and the inhibitory effects on the production of NO, the
cytokines, and E-selectin transcription level for cellular
adhesion in this report.

Materials and Methods 

Plant material and chemicals Chopi was purchased from
Kyungdong herbal market (Seoul, Korea) in March 2007,
and was authenticated by Prof. Gun-Hee Kim, Plant Resources
Research Institute, Duksung Women’s University. The
voucher specimen (No. LDU2007-052) was deposited at
the Plant Resources Research Institute, Duksung Women’s
University, Korea.

Dimethyl sulfoxide (DMSO), calcein O,O'-diacetate
tetrakis (acetoxymethyl) ester (calcein-AM), 3-(4,5-
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dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), gelatin, and heparin were purchased from Sigma-
Aldrich Inc. (St. Louis, MO, USA). Cell culture medium,
fetal bovine serum (FBS), penicillin/streptomycin,
endothelial cell growth supplement (ECGS), and trypsin-
ethylenediamine tetraacetic acid (EDTA) were obtained
from Gibco (Invitrogen Inc., Grand Island, NY, USA).
TNF-α was purchased from BD Science (San Jose, CA,
USA). All other chemicals and solvents were of highest
commercial grade.

Cell culture RAW 264.7 murine macrophage cells were
obtained from the American Type Culture Collection
(ATCC, Rockville, MD, USA). These cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM) containing
10% FBS, penicillin (100 units/mL), and streptomycin
(100 µg/mL) in a 5% CO2 humidified incubator at 37oC.
RAW 264.7 cells were used at passage numbers 10-20 for
LPS-induced nitrite production assay. Monocytic cell line,
THP-1, was obtained from Korean Cell Line Bank (KCLB,
Seoul, Korea). Monocytes were cultured in RPMI-1640
medium containing 10% FBS and 100 units/mL of
penicillin/streptomycin at 37oC in a 5% CO2 incubator
under controlled moisture. THP-1, the floating cell line,
was subcultured after being collected by centrifugation at
2,090×g for 2 min, and were used for cell adhesion assay
at passage numbers 60-70. HUVECs (CRL-2480; ATCC)
were cultured with F-12K nutrient mixture (Kaighn’s
modification, Gibco, Invitrogen Inc.) containing 10% FBS,
100 units/mL of penicillin/streptomycin, 0.1 mg/mL of
heparin, and 0.03 mg/mL of ECGS in a 5% CO2 humidified
incubator at 37oC. For subculture, RAW 264.7 murine
macrophage cells and HUVECs rinsed twice with
phosphate buffered saline (PBS, pH 7.4) to remove all
traces of serum (which can inhibit trypsin), and were
subdivided using 0.05% trypsin with 0.53 mM EDTA.
HUVECs were used at passage numbers 20-30 for cellular
adhesion assay.

Extraction and separation of EO EO of chopi was
extracted by steam distillation method (10). Briefly, EO
was collected from the air-dried and ground chopi for 3 hr
using a Clevenger-type apparatus (Hanil Labtech Ltd.,
Incheon, Korea), and was dried over anhydrous sodium
sulfate for 24 hr.

Gas chromatography-mass spectrometry (GC-MS)
analysis and identification of EO The constituents of
essential oil were analyzed using an Agilent 6890 gas
chromatography/5973 mass selective detector (Agilent Co.,
Palo Alto, CA, USA) equipped with a HP-5MS capillary
column (30 m length×0.25 mm i.d.×0.25 µm film thickness;
Aligent Co.). Helium was used as the carrier gas at the
constant flow of 1.1 mL/min. The oven temperature was
held at 40oC for 5 min, then programmed from 40 to 150oC
at the rate of 3oC/min, then held isothermal at 150oC for
5 min, raised to 220oC at the rate of 7oC/min, and held
finally at 220oC for 5 min. The injector and detector
(flame-ionization detector, FID) temperatures were kept at
250oC at a rate of 4oC/min, and then hold for 10 min. The
constituents of the volatile flavor were identified by
comparison of the mass spectra with those in an on-line

computer library, Wiley 275 (Agilent Co.). Alkanes were
used at reference points in the calculation of relative retention
indices (RI). The RIs of compounds, determined using C8-
C22 as external references (11), were compared with the
published data (12). The quantification of each volatile
component was carried out based on the ratio of the peaks
obtained from a mass total ion chromatogram. Standard
EOs (limonene, citronellal, and geranyl acetate) were
purchased from Sigma-Aldrich and used for the test of
potential anti-inflammatory activity as major constituents
of chopi-EO.

Antioxidant assay For 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radical scavenging assay, a 0.2 mL of methanolic
solution containing 500 µg/mL of chopi-EO was mixed
with 4 mL of methanol, and a methanolic solution of
DPPH (1 mM, 0.5 mL) was added. The mixture was
vortexed for 15 sec, left to stand at room temperature for
30 min, and the absorbance was read at 517 nm.

The reducing power of chopi-EO was determined by
Fe3+ reduction. Chopi-EO (500 µg/mL) in distilled water
were mixed with 2.5 mL of 0.2 M phosphate buffer (pH
6.6) and 2.5 mL of 1% K3Fe(CN)6. The mixture was
incubated at 50oC for 20 min. After that, 2.5 mL of 10%
trichloroacetic acid was added and centrifuged at 2,090×g
for 10 min. A 2.5 mL of supernatant layer was added to 2.5
mL of distilled water and 0.5 mL of 0.1% FeCl3. The
absorbance of the mixture was measured at 700 nm using
UV-spectrophotometry (Agilent Technologies Inc., Santa
Clara, CA, USA).

Cell viability assay RAW 264.7 cells and HUVEC
monolayers were plated at a density of 1×105 cells/well in
96-well tissue culture plate (Corning Inc., Corning, NY,
USA), and were incubated at 37oC for 3-4 hr. Plated cells
were treated with indicated concentrations of chopi-EO.
After 24 hr incubation, MTT was added to all well at 0.5
mg/mL of concentration, and was incubated for 4 hr at
37oC. After discarding all medium from the plates, 100 µL
of DMSO was added to the all well. The plates were
placed for 5 min at room temperature with a shaking, so
that complete dissolution of formazan was achieved. The
absorbance of the MTT formazan was determined at
540 nm by UV-spectrophotometric plate reader (Emax,
Molecular Devices Inc., Sunnyvale, CA, USA).

Nitrite assay RAW 264.7 cells were plated at a density
of 2×105 cells/well in a 96-well culture plate and incubated
for 3-4 hr in a 5% CO2 humidified incubator at 37oC.
Plated cells were treated with (1 µg/mL) for stimulation of
nitrite-production and an indicated concentrations of chopi-
EO for 24 hr incubation. LPS-stimulated nitrite-production
from RAW 254.7 cells was measured by the Griess
reaction (13). Briefly, 100 µL of each supernatant was
mixed with 100 µL of Griess reagent (1% sulfanilamide in
5% phosphoric acid and 0.1% N-1-naphthylethylene-
diamine dihydrochloride in distilled water), and the
absorbance of the mixture was determined with a
microplate reader (Emax) at 540 nm. In this experiment, 10
µM of L-NMMA, an iNOS inhibitor, was used as a
positive control.
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Extracellular NO scavenging assay Extracellular NO
radical scavenging activity was measured by the modified
protocol (14). In aqueous solution at physiological pH, NO
generated from sodium nitroprusside interacts with oxygen
to produce nitrite ions which were measured by Griess
reaction. The reaction mixture (3 mL) containing sodium
nitroprusside (10 mM in PBS) and chopi-EO or major
components (50 µM) were incubated at 25oC for 150 min.
After incubation, 0.5 mL of the reaction mixture and 0.5
mL of Griess reagent were mixed. The absorbance of the
chromophore formed was evaluated at 540 nm. Hemoglobin
(Hb, 5 µM) was used as a NO chemical scavenger (15).

Measurement of cytokines RAW 264.7 macrophage
cells were cultured in 24-well culture plates. After reaching
confluence, LPS-induced cells were treated with chopi-EO,
and then incubated in a humidified incubator at 37oC. After
48 hr incubation, the supernatant were collected, subdivided
into portions and frozen at −74oC. Productions of IL-1β
and IL-6 were measured by enzyme-linked immunosorbent
assay (ELISA) according to the manufacturer’s instruction
on a monoclonal antibody based mouse cytokines microplate
strip (Quantikine®M, R&D System, Minneapolis, MN,
USA).

Cellular adhesion assay Prior to adhesion assay, monocytic
THP-1 cells were fluorescent-labeled by the incubation
with 5 µM of calcein-AM in PBS (pH 7.4) for 30 min at
37oC. After loading calcein-AM, cells were washed 3
times with PBS to remove excess calcein-AM. Then THP-
1 cells were resuspended in RPMI-1640 medium for
adhesion assay.

HUVECs were seeded at 1×105 cells/well in 96-well
tissue culture plate (Corning 3603; Corning Inc.). After 24
hr incubation at 37oC, HUVEC monolayers were treated
with 50 µg/mL of chopi-EO and 3 major constituents, and
then were stimulated with 10 ng/mL of TNF-α for 24 hr.
HUVEC monolayers were washed 3 times with PBS before
cell adhesion assay (16). Calcein-AM labeled monocytes,
THP-1, were cocultured at a density of 5×105 cells/well
with HUVEC monolayers for 1 hr in a 5% CO2 humidified
incubator at 37oC. Non-adherent monocytes were removed
by 4 time-wash with PBS. Adherence of calcein-AM labeled
monocytes was determined by fluorescent intensity,
measured using a fluorescent plate reader (FL600; Bio-Tek
Instruments Inc., Winooski, VT, USA). The excitation and
emission wavelengths for the calcein-AM molecule were
485 and 530 nm, respectively.

For standardization of cell adhesion assay data, the
amount of plated monolayer was measured by BCA
protein assay (Pierce Inc., Rockford, IL, USA) using
bovine serum albumin (BSA) as a standard, following
solubilizing cells using 0.1 N NaOH and 1% of 3-(3-
cholamidopropyl)dimethylammonio-1-propanesulfonate.

Reverse transcription-polymerase chain reaction (RT-
PCR) analysis Total RNA was isolated from RAW
264.7 cells and HUVEC monolayers using RNeasy kit
(Qiagen Inc. Valencia, CA, USA) after treated with chopi-
EO. RT-PCR was performed using One-Step RT-PCR kit
(Qiagen Inc.) and primers at a final concentration of 1 µM.
For PCR of iNOS and E-selectin, the primers were used as

followed: mouse iNOS forward primer: 5'-CCCTTCC
GAAGTTTCTGGCAGC-3', mouse iNOS reverse primer:
5'-GGCTGTCAGAGCCTCGTGGCTT-3', human E-
selectin forward primer: 5'-ATCATCCTGCAACTTCA
CC-3', and human E-selectin reverse primer: 5'-ACACCT
CACCAAACCCTTC-3'. GAPDH primers were used for
the PCR efficiency and the quantitation, as followed;
mouse GAPDH forward primers, 5'-TGAAGGTCGGTGT
GAACGGATTTGGC-3'; mouse GAPDH reverse primers,
5'-CATGTAGGCCATGAGGTCCACCAC-3', human
GAPDH forward primer: 5'-ATGACAACAGCCTCAAG
ATCATCAG-3', and human GAPDH reverse primer: 5'-
CTGGTGGTCCAGGGGTCTTACTCCT-3'. For cDNA
synthesis and predenaturation, 1 cycle of 50oC for 30 min
and 95oC for 15 min was performed on total RNA. The
PCR reaction of iNOS gene (494 bp-PCR product) was
cycled 25 times between 94oC (denaturation) for 45 sec;
60oC (annealing), and GAPDH for 1 min; and 72oC
(extension) for 2 min (17,18). And PCR amplification of E-
selectin gene (345 bp-PCR product) was performed by
thermocycling 30 times between 95oC for a 1 min
denaturation, 55oC for 2 min annealing, and 72oC for a 3
min extension (19,20). And the last 1 cycle was performed
for the final extension at 72oC for a 10 min using Bio-Rad
thermal cycler (MJ Mini, Bio-Rad Inc., Hercules, CA,
USA). And RT-PCR product was stored at 4oC until agarose
gel separation. Transcriptional changes were calculated
using an electrophoresis image quantify program (Bio-Rad
Inc.).

Statistical analysis All results were expressed as mean±
standard deviation (SD), and were analyzed using one way
analysis of variance (ANOVA) and Dunnett’s multiple
comparison test for individual comparisons. Results were
considered statistically significant when p-values were
*p<0.05.

Results and Discussion

Composition of EO from chopi A colorless EO was
extracted from chopi. Among detected chemical compounds
of chopi-EO, the components (more than 0.5% amount,
91.92%) were listed in Table 1. Limonene (18.04) and
geranyl acetate (15.33%) were the major constituents of
chopi-EO. Also, the considerable amounts of cryptone
(8.51), citronellal (7.08), phellandral (5.21), and piperitone
(4.43%) were detected. This result was consistent with
several reports on the analysis of chopi-EO (5,21,22).
However its composition varied with reports, due to the
different plant part and place of origin. Although it is
reported that 1,8-cineol, limonene, geranyl acetate, and
myrcene were detected from chopi-EO (24), 1,8-cineol was
not detected in this report. Chopi-EO and citronellal,
geranyl acetate, and limonene, as major components, were
investigated for a further study.

Antioxidant activities of chopi-EO Antioxidant activities
of chopi-EO were showed in Table 2. Chopi-EO had the
hydrogen donating activity to DPPH radical partly, and 3 EO
constituents had the similar scavenging activities. DPPH
radical scavenging of the reference antioxidant ascorbic acid
(10 µM) was found experimentally to be 92.21%. Although
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all constituents in chopi-EO showed antioxidant activities in
significant difference, it was much lower than that of
ascorbic acid, a reference antioxidant. Therefore, chopi-EO
was expected to be partly electron donors and can react with
free radicals to convert them to more stable products and
terminate radical chain reactions. Also, the reducing power
of chopi-EO was not detected at all.

Sometimes the cell and tissue injuries are due to the
toxicity of reactive oxygen species (ROS) generated and
released by activated phagocytes. NADPH oxidase in
phagocytes is responsible for the production of superoxide
anion and represents a major host defense mechanism of
phagocytes against invading microorganisms. Superoxide
initiates the formation of other ROS, such as hydroxyl
radical and oxygen singlet, which are known as strong
oxidant products, and hydrogen peroxide and hypochlorous
acid (23). Free radical scavenging activity plays the critical
role for quenching superoxide anions and maintaining the
cellular redox homeostasis against harmful oxidants and
free radicals in cells. In healthy blood, several enzymes,
such as glutaredoxin (GRX) and glutathione reductase
(GRD), and chemical compounds, such as ascorbic acid,
vitamin E, and glutathione, play as antioxidant and reducing
enzyme system for scavenging harmful superoxides and
free radical compounds. From this result, the antioxidant
activity of chopi-EO will help reduce the oxidative risk,
caused by harmful radical compounds.

Cytotoxicity of chopi-EO For murine macrophage cells
and HUVEC monolayers, chopi-EO had the significant
cytotoxicity over 50 µg/mL concentration (IC50=236.1 and
411.5 µg/mL, respectively) (Fig. 1). Limonene and geranly
acetate did not show any cytotoxic effect in tested
concentration (0-500 µg/mL) for both cell lines, whereas
citronellal affected a partly inhibition on cell viability (data
not shown). However, it is reported that limonene has
cytotoxicity on gastric cancer cells and leukemia cells,
causing the apoptosis through the decrease of bcl-2 protein
and the increase of p53 protein (24). In addition, limonene
has been shown to have the carcinogenesis activity when
bound to rat-specific α2u-globulin (25). From the above,
chopi-EO containing limonene and geranyl acetate is
presumed to exert the cell-specific cytotoxicity for human
cancers and leukemia cells without any harmful effects on
normal cells, such as macrophage cells and HUVEC
monolayers.

Table 1. Chemical composition of chopi-EO

Constituents1) R.T. R.I.2) Composition 
(%)3)

Limonene 15.39 1,025 18.040

Geranyl acetate 32.52 1,386 15.330

Cryptone 23.23 1,170 8.51

Citronellal 22.15 1,143 7.08

Cuminal 25.34 1,230 6.21

Phellandral 27.24 1,263 5.21

Piperitone 26.09 1,250 4.43

Citronellyl acetate 30.74 1,345 3.18

p-Cymen-7-ol 28.74 1,280 3.18

β-Myrcene 13.28 0,988 2.87

Geraniol 26.65 1,258 2.36

Chrysanthenone 27.52 1,265 1.81

Cuminol 28.75 1,282 1.62

Isopuegol 21.08 1,130 1.58

Rose oxide 19.14 1,103 1.50

Linalool 18.79 1,095 1.44

Citronellol 25.51 1,235 1.17

2-Nonadecene 54.52 1,190 1.10

(E)-Dehydrocarvone 23.78 1,180 0.83

Geranial 28.38 1,275 0.83

α-Terpinyl acetate 30.22 1,336 0.81

β-Fenchyl alcohol 23.35 1,172 0.74

Hexadecanoic acid 54.16 1,898 0.54

Dehydro p-cymene 20.56 1,118 0.53

Terpinen-4-ol 22.62 1,168 0.52

Methyl palmitate 53.36 1,881 0.50

Total 91.920

1)Constituents having over 0.5% of peak area were showed in this
report.

2)Retention index were calculated against n-alkanes (C8-C22) as exter-
nal references on HP-5MS capillary column.

3)Area composition is the average of the relative percentage of the
peak area in the MS total ion chromatogram (n=3).

Table 2. Antioxidant activity of chopi-EO and its constituents

DPPH radical 
scavenging
(% control)

Reducing power 
(Abs700 nm)

Chopi-EO 018.3±2.65*1) 0.02±0.010

Citronellal 10.67±0.37* 0.01±0.001

Geranyl acetate 10.23±0.37* 0.01±0.001

Limonene 10.13±0.46* 0.01±0.001

Positive control 92.21±0.522)* 02.24±0.013)*

1)All samples were used in 500 µg/mL for antioxidant assay; Signifi-
cant difference at *p<0.05, as compared to the control.
2)Ascorbic acid (10 µM).
3)Pyrogallol (100 µg/mL).

Fig. 1. Effect of chopi-EO on cell viability. The control value for
cell viability was 99.98±5.56 µg/mL. Significant difference at
*p<0.05 as compared to the control (untreated group by chopi-
EO)
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Inhibition of chopi-EO on nitrite production Chopi-EO
inhibited partly LPS-induced nitrite production in a dose-
dependent manner, as shown in Fig. 2. LPS stimulated
nitrite production from macrophage cells, as compared to
the basal. Also, L-NMMA (100 µM), which is one of
selective NOS blockers, inhibited LPS-induced nitrite
production significantly as a positive control. L-NMMA
had suppressed approximately 82% of nitrite production of
LPS-induced nitrite production to the basal. A 50 µg/mL of
chopi-EO showed approximately 38% decrease in nitrite
production, as compared to the LPS-induced nitrite
production at a significant difference (p<0.05). Citronellal
and geranyl acetate (50 µg/mL), except of limonene,
showed a partly inhibitory effect (approximately 11-14%),
on nitrite production in macrophage cells to the basal.
Little is known of the original copy of the inhibition of
nitrite production by citronellal and geranyl acetate.
NO is related to the pathophysiology of inflammation
including inflammatory joint disease (26,27). In addition,
NO released from endothelial cells via the endothelial
nitric oxide synthase (eNOS) is a pivotal vasoprotective
molecule (28) and a potent vasodilator, and possesses
many antiatherogenic properties. NO decreases platelet
aggregation and adhesion limits vascular smooth muscle
proliferation, inhibits neointima formation, prevents monocyte
chemotaxis, and inhibits leukocyte adhesion to the
endothelium (29). Our results suggest that chopi-EO might
have the dual-functions for NOs biosynthesized in different
cell lines. In macrophage cells, chopi-EO is expected to
reduce the production of NO, which is an inflammatory
mediator, derived from iNOS reactions. Simultaneously, it
is presumed that chopi-EO has no chemical quenching
effect on NO, a potent vasodilator in atherosclerosis,
derived from eNOS reaction in HUVEC. As a whole, this
finding show that chopi-EO, containing limonene, geranyl
acetate, and citronellal, raise the possibility that chopi-EO
may exacerbate partly the inflammatory process, giving no
chemical quenching effect on eNOS-derived NO in
HUVECs.

Effect of chopi-EO on chemical scavenging of NO and
suppression of iNOS gene transcription Partly inhibition
of nitrite production by chopi-EO can be explained by two
ways. One explanation is by extracellularly chemical NO
quenching activity of chopi-EO. Sodium nitroprusside,
which is a chemical NO donor, produces nitrite ions in
aqueous solution at physiological pH. Chemical quenching
of NO by chopi-EO was investigated. However, chopi-EO
and its major components showed no chemical NO
quenching, whereas Hb, used as a NO scavenger (15),
showed significant NO scavenging (Fig. 3A). The inhibition
of nitrite production by chopi-EO was expected to be due
to suppression of iNOS in LPS-induced RAW 264.7
macrophage cells. For inhibition of nitrite production from
LPS-stimulated RAW 264.7 cells, the other explanation is
to suppress iNOS mRNA transcription by chopi-EO. LPS
stimulated significantly to up-regulate mRNA transcription
of iNOS in RAW 264.7 cells (Fig. 3B). NMMA
suppressed approximately 49% of upregulated iNOS gene
transcription. Chopi-EO markedly inhibited approximately
40.4% of iNOS mRNA transcription as compared to LPS-
induced group. However geranyl acetate and limonene
showed upregulated-iNOS mRNA transcription on the
contrary, showing over-range values (approximately 0.130
and 0.166 iNOS/GAPDH density for transcription), except
of citronellal showing approximately 34% suppressive
effect. NO production and iNOS expression are considered
to be related to the inflammation and carcinogenesis (30,
31), and NO is involved in the pathophysiology of joint
disease and plays a key role in the cartilage catabolism
(26).

Inhibitory effect of chopi-EO on the cellular adhesion
The adhesion of the monocytic THP-1 cells to HUVEC
monolayers acts as one of the initial steps for immunological
inflammatory responses. The treatment of chopi-EO
reduced the TNF-α-stimulated adhesion of THP-1 to
HUVEC monolayers (Fig. 4). The analysis by fluorescent
plate reader showed that chopi-EO (50 µg/mL) reduced the

Fig. 2. Effects of chopi-EO and its constituents on NO production from LPS-stimulated RAW 264.7 macrophage cells. Significant
difference at  p<0.05 as compared to *control and to #LPS-treated group. 
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adhesion of calcein-AM labeled THP-1 to HUVEC
monolayer to approximately 35.7%. It was expected that
chopi-EO might affect the expression of TNF-α-
upregulated E-selectin in HUVEC. In resting HUVEC
monolayers, there was no signal of the basal mRNA
transcription of E-selectin gene, as shown in Fig. 4.
However, the transcription of E-selectin gene was
significantly increased by stimulation of cytokine, TNF-α.

TNF-α-stimulated E-selectin mRNA transcriptional level
by chopi-EO (50 µg/mL) was reduced to 34.8% remarkably,
compared to the control. These results were consistent with
inhibitory data of cellular adhesion. In addition, geranyl
acetate and limonene had approximately 53.7 and 58% of
suppressive activities for E-selectin transcription. In
immunological inflammatory responses, TNF-α and
interleukin family activate neutrophils and up-regulate

Fig. 3. Effects of chopi-EO and its constituents on chemical NO quenching and the suppression of iNOS mRNA transcription. A,
Chemical NO scavenging of chopi-EO in the cell-free system; B, suppression of iNOS mRNA transcription by chopi-EO in LPS-induced
RAW 264.7 macrophage cells. The intensity of PCR product bands was quantitated by scanning densitometry and standardized to
equivalent GAPDH mRNA levels. Significant difference at p<0.05 as compared to *control and to #LPS-treated group.

Fig. 4. Effects of chopi-EO and its constituents on cellular adhesion. A, Inhibition of chopi-EO on monocytic THP-1 cells to HUVEC
monolayer; B, suppression of E-selectin mRNA transcription level by chopi-EO in TNF-α-stimulated HUVEC. The intensity of PCR
product bands was quantitated by scanning densitometry and standardized to equivalent GAPDH mRNA levels. Significant difference at
p<0.05 as compared to *basal and to #TNF-α-treated group.
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CAMs expression in HUVEC monolayer. Upregulated
expression of CAMs protein causes the adherence of
monocytes and neutrophils to blood vessel wall, especially
HUVEC monolayer. These responses are closely related to
immunological inflammatory diseases and atherosclerosis
(16).

Inhibition of chopi-EO on the biosynthesis of
inflammatory mediators Additionally, chopi-EO did
not show the effect of the biosynthesis of inflammatory
cytokines in LPS-induced RAW 264.7 cells (Table 3). E-
selectin is constitutive, and was expressed by immunological
inflammatory agent-modulation. Also, the expression of E-
selectin protein is regulated by mitogen-activated protein
kinases (MAPKs) and NF-κB pathways (32).

As mentioned above, the inhibitory effect of chopi-EO
on NO production was not due to cell viability or chemical
NO scavenging effect. These results suggest that chopi-EO
may inhibit iNOS gene transcriptional level through it
exerts its anti-inflammatory activity. Most of reports
regarding the inhibition of NO production have elucidated
only iNOS protein suppression without investigation of
chemical NO scavenge. However the chemical quenching
should be elucidated for inhibition of NO production in
RAW 264.7 cells. And chopi-EO inhibited the cellular
adhesion through the suppression of E-selectin transcription
level in HUVEC monolayers. Taken together, chopi-EO
may be useful as a functional food component or an
alternative medicine for the relief and retardation of
immunological inflammatory responses, and its action may
occur through the reduction of inflammatory mediators.
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