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ABSTRACT The emergence of antibiotic-resistant bacteria has caused difficulty in treating infectious diseases. Methicillin-
resistant Staphylococcus aureus (MRSA) is one of the most commonly recognized antibiotic-resistant bacteria. Novel anti-
biotics are urgently required to treat these bacteria. Raw materials derived from natural sources can be used for the devel-
opment of novel antibiotics, such as Chamaecyparis obtusa (C. obtusa), which has been traditionally used in treating
asthmatic disease. In this study, the antibacterial activity of the essential oil (EO) extracted from C. obtusa leaves against
MRSA was investigated. MRSA growth and acid production from glucose metabolism were inhibited at concentrations
greater than 0.1 mg/mL C. obtusa EO. MRSA biofilm formation was observed using scanning electron microscopy and
safranin staining. C. obtusa EO inhibited MRSA biofilm formation at concentrations greater than 0.1 mg/mL. Using real-time
polymerase chain reaction, mRNA expression of virulence factor genes, sea, agrA, and sarA, was observed. agrA expression
was inhibited with C. obtusa EO concentrations greater than 0.2 mg/mL, whereas inhibition of sea and sarA expression was
also observed at a concentration of 0.3 mg/mL. C. obtusa EO was analyzed by gas chromatography (GC) and GC coupled for
mass spectrometry, which identified 59 constituents, accounting to 98.99% of the total EO. These findings suggest that C.
obtusa EO has antibacterial effects against MRSA, which might be associated with the major components of C. obtusa EO,
such as sabinene (19.06%), o-terpinyl acetate (16.99%), bornyl acetate (10.48%), limonene (8.54%), elemol (7.47%), myrcene

(5.86%), y-terpinene (4.04%), and hibaene (3.01%).
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INTRODUCTION

S OME ESSENTIAL OILS (EOs) are known to have calming
effects on stress as well as antibiotic and anticancer ef-
fects.!™ Calming EOs contain chemicals such as ketone,
terpene, and phenol ether* and have also been used as food
flavoring agents®> with a wide antimicrobial activity owing
to the high phenol derivative content.® The rise of antibiotic-
resistant bacteria has caused problems in the treatment of
infectious diseases. Although some novel antibiotics have
been developed, an increasing number of bacteria are be-
coming drug resistant. Methicillin-resistant Staphylococcus
aureus (MRSA) is one of the most well-recognized antibi-
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otic-resistant bacteria, and it is not easily eliminated by an-
tibiotics as it forms biofilms on implants, medical supplies,
and/or medical devices in patients.””” Staphylococcal en-
terotoxin A (sea), regulated by accessory gene regulatorA
(agrA) and staphylococcal accessory regulatorA (sarA), is
one of the major virulence factors of MRSA. It causes
staphylococcal gastroenteritis through the stimulation of
T-cell activity and cytokine secretion.'®~!3

The rise of multidrug-resistant MRSA owing to hospital-
acquired infections is becoming an important social issue.
Increased MRSA has led to the acquisition and dissemina-
tion of resistance factors among various strains as well as
virulence factor mutations, creating mutant strains and re-
sulting in the emergence of superbacteria. Historically,
various antimicrobial compounds have been found in natu-
ral substances through studies on therapeutic agents for re-
sistant and mutant strains, and additional studies are actively
underway.'*!> There are six members of the genus Cha-
maecyparis, mainly distributed across various regions of
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North America, Japan, and Taiwan.'® They have been re-
ported to have high levels of monoterpenes, sesquiterpe-
noids,!” diterpenes,'”'® and lignin,'” as well as anticancer,
antimalarial, and antimicrobial properties. Chamaecyparis
obtusa (C. obtusa) EO has antimicrobial activity against the
phytopathogen Alternaria alternata, which causes asthma
when airborne, has also shown antifungal activity and strong
antibacterial activity against Gram-positive bacteria,?® and
has been commercially used in soap, toothpaste, and cos-
metics as a functional additive due to its potent fragrance.?'
C. obtuse EO also has anti-inflammatory activity, regulates
cytokine gene expressions, exerts antibacterial activity
against foodborne pathogens, stimulates hair growth, and
has antioxidant activity.?*~2°

However, very few studies have investigated the effects
of C. obtusa on MRSA. Therefore, the inhibitory effects of
C. obtusa EO on MRSA growth, acid production and biofilm
formation were examined in this study, and the detailed
chemical constituents of C. obtusa EO were analyzed by gas
chromatography (GC) and GC coupled to mass spectrome-
try (GC-MS).

MATERIALS AND METHODS

Materials

The brain-heart infusion (BHI) broth was purchased from
Difco Laboratories (Detroit, MI, USA). Glucose and di-
methyl sulfoxide (DMSO) were obtained from Sigma Co.
(St. Louis, MO, USA). MRSA ATCC 33591 was purchased
from the American Type Culture Collection (ATCC, Man-
assas, VA, USA).

Plant material and extraction

The leaves of C. obtusa were collected in October 2013
from the Jeollanam-do province, South Korea. The identity
was confirmed by Young-Hoi Kim at the College of En-
vironmental & Bioresource Sciences, Chonbuk National
University. A voucher specimen (No. 9-12-13) has been
deposited at the Herbarium of College of Environmental &
Bioresource Sciences, Chonbuk National University. Fresh
leaves of C. obtusa (1kg) were ground mechanically and
hydrodistilled for 3 h using a Clevenger-type apparatus. The
yield of the EO of C. obtusa was 1.08% (as fresh weight
base) of yellow pale oil. The EO was stored in a deep freezer
(=70°C) to minimize the escape of volatile compounds. The
EO was dissolved in DMSO to give the desired stock so-
lution. The final concentration of DMSO applied to culture
systems was adjusted to 0.1% (v/v), which did not interfere
with the testing system. Control groups were treated with
media containing 0.1% DMSO.

Bacterial growth and acid production

Bacterial growth was determined using a modification of
a previously described method.?”*® The growth of MRSA
was examined at 37°C in 0.95 mL of BHI broth containing
various concentrations of the C. obtusa. These tubes were
inoculated with 0.05 mL of an overnight culture grown in

the BHI broth (final: 5% 10° colony-forming units [CFU]/
mL) and incubated at 37°C. After 24 h of incubation, the
optical density (OD) of cells was measured spectrophoto-
metrically at 550nm, and the pH of the cultures was de-
termined using a pH meter (Corning, Inc., Corning, NY,
USA). Three replicates were measured for each concentra-
tion of the test extract. NaF (0.1%) was used as a positive
control.

Biofilm assay

The biofilm assay was based on a method described
previously.?**° C. obtusa extract was added to the BHI broth
containing 1% glucose in 35-mm polystyrene dishes or 24-
well plates (Nunc, Copenhagen, Denmark). The cultures
were then inoculated with a seed culture of MRSA (final:
5x10° CFU/mL). After cultivating for 48h at 37°C, the
supernatant was completely removed, and the dishes, wells,
or wells containing resin teeth were rinsed with distilled
water. The amount of biofilm formed in the wells was
measured by staining with 0.1% safranin. The bound sa-
franin was released from the stained cells with 30% acetic
acid and the absorbance of the solution was measured at
530 nm. The biofilm formed on the surface of the resin teeth
was also stained with 0.1% safranin and photographed.

Scanning electron microscopy

The biofilm on 35-mm polystyrene dishes was also deter-
mined by scanning electron microscopy (SEM) using a mod-
ification of a previously described method.*! The biofilm
formed on the dishes was rinsed with distilled H,O and fixed
with 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer
(pH 7.2) at 4°C for 24 h. After gradual dehydration with ethyl
alcohol (60%, 70%, 80%, 90%, 95%, and 100%), the sample
was freeze dried. The specimens were then sputter coated with
gold (108A sputter coater; Cressington Scientific Instruments,
Inc., Watford, England, United Kingdom). For observation, a
JSM-6360 SEM (JEOL, Tokyo, Japan) was used.

Bactericidal effect

The bactericidal effect of C. obtusa EO was determined
by confocal laser scanning microscopy. The cultured MRSA
in BHI was diluted using BHI media to ~ 1 x 10’ CFU/mL.
The bacteria (1x 10’ CFU/mL) were treated with high
concentrations (0.2-1.6 mg/mL) of C. obtusa EO at 37°C
under aerobic conditions. After 30 min of incubation, the
bacteria were washed with PBS and stained with the LIVE/
DEAD BacLightBacterial Viability Kit (Molecular Probes,
Eugene, OR, USA), prepared according to the manufactur-
er’s instructions, for 15 min. Stained bacteria were observed
with confocal laser scanning microscopy (LSM 510; Zeiss,
Oberkochen Germany). This method is based on two nucleic
acid stains: green fluorescent SYTOO stain and red fluo-
rescent propidium iodide stain, which differ in their ability
to penetrate healthy bacterial cells. The SYTOO stain labels
live bacteria, in contrast to propidium iodide, which pene-
trates only bacteria with damaged membranes.
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TABLE 1. NUCLEOTIDE SEQUENCES OF PRIMER USED FOR REAL-TIME PCR IN THIS STUDY

Gene* Gene description Primer sequences (5'-3')

16srRNA Normalizing internal standard Forward ACTGGGATAACTTCGGGAAA
Reverse CGTTGCCTTGGTAAGCC

Sea Staphylococcal enterotoxin A Forward ATGGTGCTTATTATGGTTATC
Reverse CGTTTCCAAAGGTACTGTATT

agrA Accessory gene regulator A Forward TGATAATCCTTATGAGGTGCTT
Reverse CACTGTGACTCGTAACGAAAA

sarA Staphylococcal accessory regulator A Forward TGTTATCAATGGTCACTTATGCTG
Reverse TCTTTGTTTTCGCTGATGTATGTC

“Based on the NCBI MRSA genome database.
PCR, polymerase chain reaction.

Real-time polymerase chain reaction analyses

To determine the effect of C. obtusa EO on gene ex-
pression, a real-time PCR assay was performed. The sub-
minimal inhibitory concentration (0.1-0.3 mg/mL) of C.
obtusa EO was used to treat and culture MRSA for 24 h.
Total RNA was isolated from MRSA by using the TRIzol
reagent (Gibco-BRL, Gaithersburg, MD, USA) according to
the manufacturer’s instructions. Then, cDNA was synthe-
sized using a reverse transcriptase reaction (Superscript;
Gibco-BRL). The DNA amplifications were carried out
using an ABI-Prism 7,000 Sequence Detection System with
Absolute QPCR SYBRGreen Mixes (Applied Bio systems,
Inc., Foster City, CA, USA). The primer pairs that were used
in this study were described by previous reports®!%*? and
are listed in Table 1. The 16S rRNA was used as an internal
control.

GC and GC-MS analysis

GC analysis was performed on a Hewlett-Packard model
6890 series gas chromatograph equipped with a flame ion-
ization detector, and a split ratio of 1:30 using DB-SHT
fused silica capillary column (30 m X 0.32 mm, i.d., 0.10 um
film thickness). The column temperature was programmed
from 40°C to 230°C, increased 2°C/min, and then kept
constant at 230°C for 20min. The injector and detector
temperatures were 230°C and 250°C, respectively. The
carrier gas was nitrogen, at a flow rate of 0.80 mL/min. Peak
areas were measured by electronic integration and the rel-
ative amounts of the individual components are based on the
peak areas. The GC-MS analysis was performed on an
Agilent Technologies 7890A GC and 5975C mass selective
detector operating in the EI mode at 70 eV, fitted with a DB-
SMS fused silica capillary column (30 mx0.25 mm, i.d.,
0.25 um film thickness). The column temperature was pro-
grammed from 40°C to 230°C at 2°C/min and then kept
constant at 230°C for 20 min. The injector and ion source
temperatures were 250°C, respectively. The carrier gas was
helium at a flow rate of 1.0 mL/min. The identification of
individual components was based on comparisons with
Wiley 7n and NIST 05 mass spectra libraries and retention
indices with literature data.>* Linear retention indices were
calculated against those of n-paraffin (Ce—Cae) series.>*

Statistical analysis

All experiments were performed in triplicate. Data were
analyzed using SPSS software 12.0 (Chicago, IL, USA). The
data are expressed as the mean * standard deviation values.
The differences between the means were analyzed for sta-
tistical significance using the Student’s #-test. The level of
significance was set at P <.05.

RESULTS
Bacterial growth inhibition by C. obtusa EO

After extraction of EO from the leaves of C. obtusa by
hydrodistillation, the antibacterial activity of the oil was
tested against MRSA. C. obtusa EO significantly inhibited
the growth of MRSA in a concentration-dependent manner
at 0.1-0.4 mg/mL. The positive control (NaF) also showed
antibacterial activity at 0.1% (Fig. 1).

Inhibitory effect of C. obtusa EO on acid production

To investigate whether C. obtusa EO can inhibit MRSA
organic acid production, changes in pH were measured
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FIG. 1. Bacterial growth inhibition by Chamaecyparis obtusa es-
sential oil (EO). Methicillin-resistant Staphylococcus aureus
(MRSA) was inoculated into brain—heart infusion (BHI) broth with
various concentrations of C. obtusa and incubated for 24 h at 37°C.
The optical density (A550) was read using a spectrophotometer. Data
are mean=*standard deviation. *P<.05 compared to the control

group.
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TABLE 2. INHIBITORY EFFECT OF C. 0BTUSA ESSENTIAL OIL
ON AcID PRODUCTION

Concentration (mg/mlL) pH (after incubation)

Control 591+0.01*
0.1 5.90+£0.01

0.2 7.10£0.01*
0.3 7.26+£0.01*
0.4 7.30+£0.00*
NaF (0.1%) 7.00£0.01*

“Data (pH) are represented as mean = standard deviation.
*P <.05 when compared with the control group after incubation.

after the addition of C. obtusa EO to the MRSA culture
medium. The pH of the control declined to ~5.91 after
bacterial culture, while the initial pH of the media before
bacterial culture was 7.3. However, the addition of 0.2, 0.3,
and 0.4mg/mL of C. obtusa EO resulted in pH levels of
7.10, 7.26, and 7.30, respectively, indicating inhibition of
acid production. NaF (0.1%) used for the positive control
also inhibited acid production, resulting in a pH of 7.00
(Table 2).

Inhibitory effect of C. obtusa EO on biofilm formation

MRSA can increase antibiotic resistance by forming a
biofilm on the implant, medical supplies, or medical device.
Biofilm formation was studied using safranin staining, and
absorbance was measured at 530 nm. The negative control
showed an OD of 2.3, whereas experimental groups at 0.1-
0.4 mg/mL C. obtusa EO showed ODs of 2.1, 1.2, 0.3, and
0.1, respectively. The positive control of 0.1% NaF resulted
in an OD of 0.4 (Fig. 2). Safranin staining results were
consistent with those of SEM (Fig. 3).

Bactericidal effect of C. obtusa EO

The bactericidal effect of C. obtusa EO was also observed
using confocal laser microscopy, and a concentration-de-
pendent effect was observed (Fig. 4).

Inhibitory effect of C. obtusa EO on virulence factor
gene expression

mRNA expression of sea, agrA, and sarA, which are
virulence factor genes, was observed by real-time PCR.
agrA mRNA expression was inhibited at concentrations
greater than 0.2 mg/mL of C. obtusa EO, whereas the ex-
pression of sea and sarA was inhibited at concentrations of
0.3 mg/mL (Fig. 5).

GC and GC-MS analysis of C. obtusa EO

Analysis of C. obtusa EO by GC and GC-MS identified
59 constituents, accounting up to 98.99% of the total EO.
All unidentified compounds were minor components. The
major components included sabinene (19.06%), a-terpinyl
acetate (16.99%), bornyl acetate (10.48%), limonene
(8.54%), myrcene (5.86%), y-terpinene (4.04%), and hi-
baene (3.01%) (Table 3).
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FIG. 2. Inhibitory effect of C. obtusa EO on acid production. MRSA
was inoculated into BHI broth with various concentrations of C. obtusa
and incubated for 48 h at 37°C. The biofilms that formed on the dish
surface were measured by staining with 0.1% safranin. The bound
safranin was released from the stained cells with 30% acetic acid. Data
are represented as mean * standard deviation. *P <.05 compared to the
control group. (a) Control; (b) 0.1 mg/mL; (c) 0.2 mg/mL; (d) 0.3 mg/
mL; (e) 0.4mg/mL; EO of C. obtusa (f)-positive control (0.1% NaF).
Color images available online at www.liebertpub.com/jmf

DISCUSSION

MRSA is one of the most well-known antibiotic-resistant
bacteria. Most of the f-lactam antibiotics, including penicillin,
cephalosporin, carbapenem, and monobactam, are ineffective
in the treatment of MRSA infection. MRS A also has multidrug
resistance to various antibacterial agents, including ami-
noglycosides, and thus existing drugs effective against MRS A
are quite limited.

Fast detection and accurate identification of methicillin-
resistant bacteria are essential,>*>> as they can cause serious
adverse effects, including increased mortality in critically ill
patients with conditions such as immunodeficiency. Novel
antibiotics are urgently required to treat those bacteria, and
natural substances are being studied for antibacterial activ-
ity. C. obtusa EO has been used in spices, pesticides, and
aromatics. It has also been used in Korea as a traditional
herbal medicine for treating headache due to cold, leukor-
rhea, cloudy urine, skin disease, warts, and bleeding,*® and
also as an alternative to Thuja orientalis L.>” Many studies
have examined the antimicrobial and antifungal character-
istics of EO as well as their constituents.*® Thus, antimi-
crobial activities against Listeria monocytogenes, S. aureus,
Legionella anisa, and Candida albicans were reported.*
Terpinen-4-ol has been shown to be a general antimicrobial
constituent, and a-terpineol and o-pinene have shown in-
hibitory activity against microbial growth.*® The main
constituents of C. obtusa EO analyzed in this study were
sabinene (19.06%), a component of the phytoncide. Cypress
oils contain about 10% phytoncide and there are also anti-
bacterial agents that prevent asthma caused by Alternaria
alternata*!; o-terpinyl acetate (16.99%), which is may be
important for the typical aroma of the oil; and bornyl ace-
tate,'” which is found most abundantly in C. obtusa EO.
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Many natural EOs containing terpenes as major constit-
uents have been found to be active against a variety of mi-
croorganisms. The mechanism of antimicrobial action of
terpenes is closely associated with their lipophilic character.
Monoterpenes preferentially influence membrane structures
that increase membrane fluidity and permeability, changing
the topology of membrane proteins and inducing distur-
bances in the respiration chain.*> Recently, it was proposed
that the antibacterial activity against S. aureus depends on
the length of the aliphatic chains of terpene alcohols and the
presence of double bonds.*?

Several studies have suggested that MRSA produces or-
ganic acid through carbohydrate metabolism.***> The main
organic acid produced by MRSA is acetic acid, which lowers
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FIG. 3. Inhibitory effect of C. obtusa
EO on biofilm formation. Scanning
electron microscopy of MRSA biofilms
grown in C. obtusa (a) control; (b)
0.1 mg/mL; (¢) 0.2mg/L; (d) 0.3 mg/
mL; (e) 0.4 mg/mL; (f) positive control
(0.1% NaF); scale bar=10 ym.

the pH in the area of infection (Table 2), and this decreased
pH is known to promote biofilm formation.®”#* Biofilms are
a type of bacterial community that is formed on the surface of
a living organism or inorganic substance. Biofilms are sur-
rounded by a self-produced extracellular matrix consisting of
polysaccharides and proteins. Once formed, it is very difficult
to remove the biofilm, and biofilms formed on the surface of
implanted medical devices cannot be eliminated using anti-
biotics alone. The treatment involves long-term administra-
tion of antibiotics after removal of the implanted medical
device and surgical excision of the tissues surrounding the
biofilm.®’ The most commonly known method for measuring
biofilm formation is the tissue culture plate assay method.® In
this study, biofilm formation was observed by this method

FIG. 4. Bactericidal effect of C. ob-
tusa EO. Cultured MRSA was treated
with high concentration (0.4-3.2mg/
mL) of C. obtusa extract and stained
with LIVE/DEAD BacLight Bacterial
Viability Kit. The stained bacteria were
observed by confocal laser scanning
microscopy. Treatment with C. obtusa
decreased green-labeled living bacteria
(SYTO 9 stain) and increased red-
labeled dead bacteria (PI stain) in a
dose-dependent manner. (a) Control;
(b) 0.4mg/mL; (¢) 0.8mg/mL; (d)
1.6 mg/mL; (e) 3.6 mg/mL; scale bar=
50 um.
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A 1.5 TABLE 3. GC AND GC-MS ANALYSIS OF THE ESSENTIAL
OIL ISOLATED FROM CHAMAECYPARIS OBTUSA
= 1 1.0374
= i RRT* Compound Retention index® Peak area (%)
2 g_ 0.4787 0.77 Tricyc_lene 917 0.09
E g * 0.79 o-Thujene 924 0.45
< - 0.81 o-Pinene 930 1.96
§\§ 0.5 0.1649 085  Camphene 952 0.56
= - 1.00 Sabinene 985 19.06
1.01 f-Pinene 986 0.05
3 B 106 Myrcene 995 5.86
cont 0.1 0.2 0.3 }-?i “'?heﬂ,aﬂdfeﬂe 18(1); ?-83
. o-lerpimene B
Chamaecyparis obtusa (mg/ml) 1.20 Limonene 1031 854
B 1.5 1.35 y-'Terpipene 1064 4.04
1.37 cis-Sabinene hydrate 1068 0.19
1.0242 1.47 o-Terpinolene 1090 1.26
‘E' 0.991 1.51 Dehydro-p-cymene 1098 0.11
£ 0.5283 154 Linalool 1102 0.05
2 g 1.61 trans-Sabinene hydrate 1109 0.11
£ o 1.63 1-Octen-3-yl acetate 1115 0.22
£ o5 1.72 trans-p-2-Menthen-1-ol 1137 0.12
T % 1.96  Terpinen-4-ol 1182 2.83
3 = 2.02 o-Terpineol 1194 0.24
2.14 Fenchyl acetate 1216 0.06
0 Gont 0.2 2.37 Linalyl acetate 1259 0.20
2.57 Bornyl acetate 1297 10.48
; 2.93 o-Terpinyl acetate 1364 16.99
Chramasgypurie Dt (eg/rol) 2.98 Geranyl acetate 1374 0.05
3.08 p-Elemene 1392 0.11
C 15 3.16 a-Cedrene 1406 0.06
3.19 p-Cedrene 1414 0.13
s 0.9898 0.7478 3.28 cis-Thujopsene 1429 1.75
£ i . 0.5874 3.35 B-Gurjunene 1444 0.70
§ 3.37 o-Humulene 1447 0.06
3 - 3.44 cis-Muurola-4(14),5-diene 1460 1.62
E g 3.49 f-Cadinene 1469 0.21
£ 05 3.54 Germacrene D 1479 0.17
33 361 p-Hamachalene 1492 0.54
2o 3.62 o-Chamigrene 1494 0.45
0 3.68 y-Cadinene 1506 0.13
e 0.2 03 3.75 0-Cadinene 1521 0.60
. 3.77 Cadina-1,4-diene 1526 0.38
Chcm“fypdm obtusa (mg/ml) 380  Selina-3,7(11)-diene 1531 0.10
. . 3.96 Elemol 1565 7.47
FIG. 5. Inhibitory effect of C. obtusa EO on virulence factor gene 4.02 Germacrene D-4-ol 1579 0.15
expression. MRSA was cultured and treated with subminimal inhibitory 4.04 Caryophyllene oxide 1584 0.12
concentration (0.1-0.3 mg/mL) of C. obtusa extract, and real-time poly- 4.12 Cedrol 1601 0.82
merase chain reaction (PCR) analysis was then performed as described in 4.18 1,10-Di-epi-cubenol 1612 0.18
the Materials and Methods section. agrA expression was significantly 4.20 10-¢pi-y-Eudesmol 1617 0.10
inhibited at 0.2 mg/mL of C. obtusa, and sarA and sea expression was 424 1-epi-Cubenol 1624 0.10
. s . . 4.28 y-Eudesmol 1633 0.90
significantly inhibited at a concentration higher than 0.3 mg/mL. Each 430 +-Cadinol 1640 020
Value? is expressed as meanistandarq deviation. *Significance was de- 436 «-Eudesmol 1652 1.88
termined at P <.05 when compared with the control. 4.44 Bulnesol 1668 0.44
4.51 o-Bisabolol 1682 0.11
. o L 5.40 Rimuene 1885 0.57
through safranin staining, and C. obtusa inhibited MRSA 5.54 Hibaene 1919 3.01
biofilm formation at concentrations greater than 0.1 mg/mL 564 Pimaradiene 1934 0.19
(Fig. 2). SEM analysis results were also similar to those ob- >74 13-Isopimaradiene 1972 0.10
g 2. ! y A X . . 5.80 Dolabradiene 1987 0.36
served by safranin staining (Fig. 3). According to previous 5.91 Phyllocladene 2016 0.05
studies, physiological characteristics differ between biofilm 6.94 cis-Totarol 2274 0.05
culture and planktonic culture. Biofilm formation has been Total 98.99

reported to increase the bacterial host immune system and
resistance to antibacterial substances.*® However, a compar-
ison of biofilm culture and planktonic culture in this study
showed no differences in resistance to C. obtusa EO, which
may be due to the action of the oil before biofilm formation.

It has been shown that, with respect to the mechanism of
MRSA resistance, innate chromosomal acquisition of the

*Analysis was performed only once, and RRT refers to relative retention time for each
compound and a major constituent, sabinene is given a value of 1.00.

PRetention index on DB-5 HT column.

GC, gas chromatography; GC-MS, GC coupled to mass spectrometry.
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mecA (methicillin resistance determinant) gene induces
production of PBP 2/, a cell wall-synthesizing protein that
has a low affinity for drugs. PBP is also involved in bac-
terial cell wall synthesis and exhibits antibacterial activity
through f-lactam binding. MRSA is known to convert PBP
into PBP 2’ and thus prevents drugs from functioning.*’
sea, one of the major virulence factors of S. aureus,'!
causes staphylococcal gastroenteritis and also stimulates
T-cell activation and cytokine secretion through super-
antigen immunomodulatory activity. Expression of sea
was also inhibited by C. obtusa EO at concentrations of
0.3 mg/mL (Fig. 5).

The production of virulence factors in S. aureus is regu-
lated by global regulators such as agrA and sarA.'? agrA
encodes accessory gene regulator A, and when agrA ex-
pression is inhibited, the production of virulence factors is
inhibited as well. sarA regulates the production of several
matrix adhesion genes (e.g., fnbA), which are virulence
factors linked to the adhesion of S. aureus, and several
exotoxin genes (e.g., hla).***° Expression of agrA in this
study was significantly inhibited by C. obtusa EO at con-
centrations greater than 0.2 mg/mL, and expression of sarA
was significantly inhibited by C. obtusa EO at concentra-
tions of 0.3 mg/mL, respectively (Fig. 5), which implies
antibacterial activity through inhibition of the production of
MRSA adhesion and virulence factors.

In conclusion, these results suggest that C. obtusa EO
may exhibit antibacterial activity against MRSA through
inhibition of virulence factor expression, which may be
associated with the major components of C. obtusa EO, such
as sabinene, o-terpinyl acetate, bornyl acetate, limonene,
elemol, myrcene, y-terpinene, and hibaene. Further studies
are needed to determine the mechanism of virulence factor
gene expression inhibition by C. obtusa EO.
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