Korean J. Plant Res. 28(1):009-015(2015) Print ISSN 1226-3591
http://dx.doi.org/10.7732/kjpr. 2015,28.1.009 Online ISSN 2287-8203

‘ ‘ Original Research Article ‘ ‘

Synergistic Effects of Cinnamomum camphora Leaves Extract against
Clinical Isolated Methicillin-resistant Staphylococcus aureus

Jeong-Dan Cha”, Mi-Rae Choi”, Eun-Sil Kol, Seung-Mi Hwangl, Jea-Ran Kangl, Joa-Sub th,

Y oung-Jin Park’, Young-Hwan Jung3, Ah-Lim Jeon® and Kyung-Min Choi'*
'Institute of JinAn Red Ginseng, Jinan-Gun 567-801, Korea

szeonggi Institute of Science&Technology Promotion, Natural Products Research Institute, Suwon 443-270, Korea
3Jeju Biodiverstiy Research Institute, Jeju Technopark, Seogwipo 697-943, Korea

Abstract - Methicillin-resistant Staphylococcus aureus (MRSA) has been emerging worldwide as one of the most important
hospital and community pathogens. At the same time, because of the difficulty in developing chemical synthetic drugs and
because of their side-effects, scientists are making more efforts to search for new drugs from plant resources to combat
clinical multidrug-resistant microbial infections. Cinnamomum camphora (C. camphora) is a plant of family Lauraceae, and
grown Jeju island in South Korea that are used as a drug to treat neurasthenia, epilepsy, cystitis, pyelonephritis, digitalis,
cancer, and diabetes mellitus in folk remedies. In this study, antibacterial activites of 80% ethanol extract of C. camphora
leaves (CCE) were investigated in combination with antibiotics against clinical isolates of MRSA. The results showed that
CCE was determined with MIC and MBC values ranging from 156 to 313 and 313 to 625 rg/ml, oxacillin from 128 to 256
and 128 to 512 pg/ml, ampicillin from 4 to 64 and 8 to 128 xg/ml. The combination of CCE with oxacillin or/and ampicillin
were synergistic effect against MRSA 1, 6, 7, 8, 10, 11, 12, 13, and 15/ MRSA 1, 2, 6, and 7.
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Staphylococcus aureus (S, aureus)= WH7FHZ A=k Seong, 2006; Heo et al., 2012; Hwang et al., 2014).
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MRSA £ € 53

e o] 3 tishg 0] oHE-S ol Mannitol Salt Agar
(MSA, Sigma—Aldrich)o]| 2 mg/ml oxacillin (Sigma—Aldrich)©] &
7l oo £t 12l Weho2 Bl H2hS Hot 13 A7
2] SH3ITh MRSA ER1VEAS ldlikl femA 57042} penicillin—
binding protein (PBP) 2° (Choi et al., 2009)-2 A= mecA &
XS PCRY O &2 A|H35}IT} Tryptic soy agar (TSA, Becton
Dickinson, NJ, USA)jz]|o]l 1Z3}0d 37C, 37|14 w7104 18
AlZE vjorst H2-S, QlAamp DNA Mini Kit (Qiagen, Hilden,
Germany)& AME-5Fo] 2% DNAE Z2]5}3ith. AR primer?]
A7) Y& Table 13} 7+, Cosmogene Co, (Daejeon, Korea)
of| oJ&|s}o] $HAISIAITE Forward®} reverse primerS 1ml,
PCR mastermix (Bioneer, Korea) 4 ml, DEPC 12 ml, 5+& DNA 2
mlE Yo PCREMSS] FF S 20 ml=2 3¢t} PCR W2
thermal cycler (Abcam, CA, USA)E AMESIRo™, 9]9] 2709]
AR} ZZE 248 95C 557F predenaturation, 95C 30% denatura—

tion, 50C annealing 30%, 72C extention 30% & 303] HHE5

qu'qu'

o, 72°C 58 last extention A|7] & 4CoA ZEA AT ¥HE &
1.5% agarose gel (Lonza, NJ, USA) oA Z17]%% 3}¢] ethidium
bromide (EtBr, Invitrogen, NY, USA)Z &M 3t & Z3}= 3lols}
Ak MRSAR 2|F 5749 5= 30% glycerol©] F7HH Brain
Heart Infusion (BHI, Becton Dickinson) brotho]] 0] —70Ce]|
B THKim et al, 2009),

Minimum Inhibitory Concentrations (MICs)/Minimum
Bactericidal Concentrations (MBCs)

Qo] Hels MRSA F| SUEY) 2SB(E0% BOH
cinamomum camphora leaves extract, CCE) 2} 384 2] minimum
inhibitory concentrations (MICs)+ broth dilution method 2 =
A3kt MIC 242 Mueller Hinton borth (MHB, Becton
Dickinson) o] ZAYA|9} CCEE T4 3|45 &, o] HF:3|4] 5=
£ 1x10° CFU/ml £ 5} 37°C 18A|7F HlOF 2 540 nmoj| A] B335
2 27450l BEALTE, MO IS 7|02 240517 9 vlof
o4 100 mlE TSA| @ 3HA =wsto] 37C 18X ulYF 5 99.9%
Ao Bl BER MBOE BESIT,

Checkboard Dilution Assay

CCE®Q} B-lactamA| Q] 3FAJA|IQl oxacillin®} ampicillin®]
synergistic effectE checkbord dilution method2® 15} ch
(Arnold and Morrison, 1984; Cha et al., 2014), Z+ A 153} gAY
A1) &3lo| w2 fractional inhibitory concentration (FIC)2}
fractional bactericidal concentration (FBC)+ tha-a} Zro| A4t
Erieg

FIC, = MIC,a in combination / MIC,

FICs = MICg in combination / MICp

FIC Index = FICy + FICp

FBC, = MBC, in combination / MBCa
FBCg = MBCg in combination / MBCg
FBC Index = FBCs + FBCg

Table 1. Primers used for detection of the mecA and femA genes from S. aureus

Gene Orientation Primer Oligonucleotide sequence (5'-3") PCR product size
— mecA-F ATGAGATTAGGCATCGTTTC
mecA 554 bp
— mecA-R TGGATGACAGTACCTGAGCC
- femA-F CATGATGGCGAGATTACAGG
SfemA 372 bp
— femA-R CGCTAAAGGTACTAACACACGG
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FIC index 0.5 ©]3} synergistic, 0,59 4] 1A}0] additive, 1 oJ|A]
2 Afo] indifference, 2 0] 7-9- antagonism © =2 45Tt
(Cha et al., 2007; Lee and Cha, 2010; Cha et al., 2014).
Zd J-_|_|. ol Xt

= = =

MRSA A
2 g/l 9] oxacillino] 347l MSA||A] leghA F2to] A/ 15
oI femA, mecA®) PIARS HET 23} 15905 K Al

372 bp ~

554 bp =

A S aureuss ZR FHTH= femA FAAE 2R T 5 %L,

PBP 2' & A8k mecA 704 T3 218k GIth(Fig. 1).

3P A| ¢} CCES} B8 A2 F A WAHEFT9 A=A
3}

2 Aol AR el w2]E MRSAC] gk CCES] MIC,
MBC 9] 3131, 25 pg/ml, 0,625-1.25 #g/ml G, oxacillin®]
MIC, MBC W)= 512-1024 pg/ml, 512—1024 pg/ml, ampicillin®]
Ol MICQ} MBCR-E 32-256 1g/ml THTable 2).

Fig. 1. Agarose gel electrophoresis of amplified 372-bp, 554-bp DNA fragments of the femA, mecA genes of S. aureus isolates by

PCR.

Table 2. Antibacterial activity of ethanol extract of C. camphora leaves on isolates MRSA and reference strains

CCE Ampicillin Oxacillin
Samples
MIC/MBC (pg/ml)
MSSA ATCC 25923 625/625 1.25/2.5 0.25/0.25
MRSA ATCC 335917 625/625 256/256 512/512
MRSA 1% 625/625 32/32 512/512
MRSA 2 625/625 32/32 512/512
MRSA 3 313/625 32/32 512/512
MRSA 4 313/625 32/32 512/512
MRSA 5 313/625 32/32 512/512
MRSA 6 625/625 32/32 512/512
MRSA 7 625/0.625 32/32 512/1024
MRSA 8 625/625 256/256 1024/1024
MRSA 9 625/625 64/128 1024/1024
MRSA 10 625/1250 64/64 1024/1024
MRSA 11 625/1250 256/256 1024/1024
MRSA 12 1250/1250 256/256 1024/1024
MRSA 13 625/625 256/256 1024/1024
MRSA 14 625/1250 256/256 1024/1024
MRSA 15 1250/1250 256/256 512/1024

*MSSA (ATCC 25923): reference strain Methicillin-sensitive Staphylococcus aureus.
YMRSA (ATCC 33591): reference strain Methicillin-resistant Staphylococcus aureus.
*MRSA (1-15): Methicillin-resistant Staphylococcus aureus isolated a clinic.
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Table 3. Synergistic effects of the ethanol extract of C. camphora leaves with oxacillin on isolates MRSA and reference strains

MIC/MBC (ug/ml)

Strains Agent ——— FIC/FBC  FICUFBCI Outcome
Alone  Combination
. CCE 625/625 313/625 0.5/1.0 . .
MSSA ATCC 25923 . 1.0/1.5 Indifference/Indifference
Oxacillin  0.25/0.25  0.125/0.125 0.5/0.5
« CCE 625/625 156/156 0.25/0.25 . »
MRSA ATCC33591 o 0.5/0.75 Synergistic/Additive
Oxacillin ~ 512/512 128/256 0.25/0.5
y CCE 625/625 156/313 0.25/0.5 . .
MRSA 1 o 0.5/0.75 Synergistic/Additive
Oxacillin ~ 512/512 128/128 0.25/0.25
CCE 625/625 313/313 0.5/0.5 » .
MRSA 2 o 0.75/0.75 Additive/Additive
Oxacillin ~ 512/512 128/128 0.25/0.25
CCE 313/625 156/313 0.5/0.5 » i
MRSA 3 . 0.75/0.75 Additive/Additive
Oxacillin ~ 512/512 128/128 0.25/0.25
CCE 313/625 156/313 0.5/0.5 . .
MRSA 4 o 0.75/0.75 Additive/Additive
Oxacillin ~ 512/512 128/128 0.25/0.25
CCE 313/625 156/313 0.5/0.5 » »
MRSA 5 o 0.75/0.75 Additive/Additive
Oxacillin ~ 512/512 128/128 0.25/0.25
CCE 625/625 156/313 0.25/0.5 . .
MRSA 6 . 0.5/0.75 Synergistic/Additive
Oxacillin ~ 512/512 128/128 0.25/0.25
CCE 625/625 156/313 0.25/0.5 o .
MRSA 7 o 0.5/0.75 Synergistic/Additive
Oxacillin  512/1024 128/256 0.25/0.25
CCE 625/625 156/313 0.25/0.5 . »
MRSA 8 L 0.51 Synergistic/Additive
Oxacillin  1024/1024 256/512 0.25/0.5
CCE 625/625 313/313 0.5/0.5 » »
MRSA 9 o 0.75/0.75 Additive/Additive
Oxacillin  1024/1024 256/256 0.25/0.25
CCE 625/1250 156/313 0.25/0.25 . .
MRSA 10 . 0.5/0.5 Synergistic/Synergistic
Oxacillin  1024/1024 256/256 0.25/0.25
CCE 625/625 156/313 0.25/0.5 o .
MRSA 11 . 0.5/0.75 Synergistic/Additive
Oxacillin  1024/1024 256/256 0.25/0.25
CCE  1250/1250 313/625 0.25/0.5 . »
MRSA 12 L 0.5/0.75 Synergistic/Additive
Oxacillin  1024/1024 256/256 0.25/0.25
CCE 625/625 156/313 0.25/0.5 . .
MRSA 13 o 0.5/0.75 Synergistic/Additive
Oxacillin  1024/1024 256/256 0.25/0.25
CCE 625/1250 313/313 0.5/0.25 . »
MRSA 14 L 0.75/0.75 Additive/Additive
Oxacillin  1024/1024 256/512 0.25/0.5
CCE  1250/1250 313/313 0.25/0.25 o o
MRSA 15 . 0.5/0.5 Synergistic/Synergistic
Oxacillin  512/1024 128/256 0.25/0.25

“The MIC and MBC of CCE with ampicillin.

the FIC index.

*MSSA (ATCC 25923): reference strain Methicillin-sensitive Staphylococcus aureus.
"MRSA (ATCC 33591): reference strain Methicillin-resistant Staphylococcus aureus.

"MRSA (1-15): Methicillin-resistant Staphylococcus aureus isolated a clinic.
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Table 4. Synergistic effects of the ethanol extract of C. camphora leaves with ampicillin in isolated MRSA and reference MSSA and
MRSA strains

. MIC/MBC(ug/ml)
Strains Agent ——— FIC/FBC  FICI/FBCI Outcome
Alone combination’
. CCE 625/625 313/625 0.5/1 . )
MSSA ATCC 25923 o 1/1.5 Additive/Indifference
Ampicillin 1.25/2.5 0.625/1.25 0.5/0.5
w CCE 625/625 313/313 0.5/0.5 . .
MRSA ATCC33591 o 0.75/0.75 Additive/Additive
Ampicillin 256/256 64/64 0.25/0.25
v CCE 625/625 156/313 0.25/0.5 . .
MRSA 1 o 0.5/1 Synergistic/Additive
Ampicillin 32/32 8/16 0.25/0.5
CCE 625/625 156/156 0.25/0.25 . .
MRSA 2 o 0.5/0.5  Synergistic/Synergistic
Ampicillin 32/32 8/8 0.25/0.25
CCE 313/625 78/313 0.25/0.5 - .
MRSA 3 o 0.5/0.75 Synergistic/Additive
Ampicillin 32/32 8/8 0.25/0.25
CCE 313/625 156/156 0.5/0.25 . .
MRSA 4 o 0.75/0.5 Additive/Synergistic
Ampicillin 32/32 8/8 0.25/0.25
CCE 313/625 78/313 0.25/0.5 . .
MRSA 5 o 0.5/0.75 Synergistic/Additive
Ampicillin 32/32 8/8 0.25/0.25
CCE 625/625 156/313 0.25/0.5 . »
MRSA 6 o 0.5/1 Synergistic/Additive
Ampicillin 32/32 8/16 0.25/0.5
CCE 625/625 156/156 0.25/0.25 . .
MRSA 7 o 0.5/0.5  Synergistic/Synergistic
Ampicillin 32/32 8/8 0.25/0.25
CCE 625/625 313/313 0.5/0.5 . .
MRSA 8 o 0.75/0.75 Additive/Additive
Ampicillin 256/256 64/64 0.25/0.25
CCE 625/625 156/156 0.25/0.25 . .
MRSA 9 o 0.75/0.5 Additive/Synergistic
Ampicillin 64/128 32/32 0.5/0.25
CCE 625/1250 313/313 0.5/0.25 . »
MRSA 10 o 0.75/0.75 Additive/Additive
Ampicillin 64/64 16/32 0.25/0.5
CCE 625/625 313/313 0.5/0.5 . .
MRSA 11 o 0.75/0.75 Additive/Additive
Ampicillin 256/256 64/64 0.25/0.25
CCE 1250/1250 625/625 0.5/0.5 . .
MRSA 12 o 0.75/1 Additive/Additive
Ampicillin 256/256 64/128 0.25/0.5
CCE 625/625 313/313 0.5/0.5 . .
MRSA 13 o 0.75/0.75 Additive/Additive
Ampicillin 256/256 64/64 0.25/0.25
CCE 625/1250 313/625 0.5/0.5 . .
MRSA 14 o 0.75/0.75 Additive/Additive
Ampicillin 256/256 64/64 0.25/0.25
CCE 625/625 313/313 0.5/0.5 . .
MRSA 15 o 0.75/0.75 Additive/Additive
Ampicillin 256/256 64/64 0.25/0.25

“The MIC and MBC of CCE with ampicillin.

“the FIC index.

*MSSA (ATCC 25923): reference strain Methicillin-sensitive Staphylococcus aureus.
"MRSA (ATCC 33591): reference strain Methicillin-resistant Staphylococcus aureus.
"MRSA (1-15): Methicillin-resistant Staphylococcus aureus isolated a clinic.
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CCES} oxacillin®] H-8- 22| Z3H= CCEo|A] MIC2} MBC2] ¥
)= 156-313 1g/ml 2} 313—-625 1g/mlo] 1, oxacillino]|A]= MIC2}
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g E2lE 4= X HTable 3, 4). CCEL} ampicilin -84 2] A]

CCES] MICQ} MBC2] ¥ )= 156-625 1g/ml 2} 156-625 1g/mlo]
11, ampicillinof| A= MIC2} MBC2] H = 464 pg/mle} 8-128
wg/ml 2 e O W ampicillint} CCEQ}] BH-8-4]2] A =& 3}
AL E1E 4= 13it), ESE FIC index®} FBC index @ A4k
5o TE3H A3} CCEQ} oxacillin®] -84 2= MRSA 2, 3, 4, 5,
9, 145 A J3t MRSAO|| A synergistic A1+ &0l 319 A (FIC <
0.5), CCE2} ampicillin®] -84 2 A] MRSA 1, 2, 6, 7oA /\]L‘]Z]
BT I8 4= 9)9lT} AU | k= CCES} oxacillin®] B

7} ampicillin?}e] B-EAIETE B 2 A5 253 ‘3}.

E?_]’, reference ©#3¢1 S aureus ATCC 25923-2 FICS} FBC
index A} A oxacillin, ampicillin 5% A|YX] 17} 113,
uhHol| S aureus ATCC 33591014 AJUA] &} 2HelEof
MRSA 5 SolHe2 A B} 9eS Bl B 4 Aotet
(Table 2, 3).
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