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Abstract: Objective To investigate the antimicrobial activities of clove oil alone and in combination with three kinds of B-lactam
antibiotics (amoxicillin, cephalexin, and cefepime) against methicillin-resistant Staphylococcus aureus (MRSA). Methods The
minimum inhibitory concentrations (MICs) of clove oil alone and in combination with three kinds of B-lactam antibiotics against two
standard MRSA and 32 MRSA isolated from clinic were determined by 96-well plate micro-dilution method. The fractional inhibitory
concentrations (FICs) of clove oil and three kinds of B-lactam antibiotics were determined by using the micro-chessboard method. The
growth curve of MRSA ATCC43300 effected by clove oil or clove oil combined with cephalexin was analyzed. Results Clove oil
showed significant anti-MRSA activity in vitro, with MIC of 0.25 mg/mL and 0.51 mg/mL. The FICs were mainly distributed in the range
of <0.5 and 0.5 to 1, and the synergy rates were 58.8%, 97.0%, and 64.7%, when the clove oil was combined with amoxicillin, cephalexin

and cefepime, respectively. Clove oil enhanced the activity of f-lactam antibiotics against MRSA significantly, and reduced the dosage of
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it. The growth curve showed that the clove oil significantly inhibited the growth of MRSA, and prolonged its lag phase. And the effect showed
a significant dose-effect relationship. The growth of MRSA was nearly inhibited when 1/4 MIC cefepime combined with 1/4 MIC clove oil.

Conclusion Clove oil not only could exhibit strong anti-MRSA activity itself, but could enhance the activity of f-lactam antibiotics against

MRSA. Hence, clove oil would be a potential new drug, which can be used as a new drug for preventing and treating MRSA infection.

Key words: clove oil; methicillin-resistant Staphylococcus aureus; antibacterial activity in vitro; B-lactam antibiotic; synergy action
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Table 1 Number and source of experimental bacteria

5 HHEmS A i B 5 Wtk s B Fh 44 B KR

1 ATCC43300 MRSA Frifitk FE BRI | 18 1158 MRSA IR TU)1A R R
2 ATCC33591 MRSA FrifEtk % E BB RO G | 19 1166  MRSA IE/R/ B 1U)1E G IR 1R
3 855 MRSA IR DYNAE E SRR 20 1180  MRSA IR/ EH  1Y)1E G R 1R
4 879 MRSA PR Bk PO 148 1A g R A b 21 1239 MRSA IR EHE TN A IR R
5 906 MRSA IR DA E SRR 22 1248 MRSA IR/ EHE VY2 2 Orfid B
6 913 MRSA IR DA E SRR 23 1392 MRSA IR/ EHE VY12 A2 Orfi B
7 942 MRSA PR Bk PO 148 1A g R A b 24 1412 MRSA IR EHE  TUNA A IR R
8 955 MRSA IR DA SRR 25 4837  MRSA IGREHE VY4 A2 Orfid B
9 1001 MRSA RSB DUNAE SRR 26 7007  MRSA IER B 1U)1E GG IR 1R
10 1013 MRSA PRS- B PO 148 A g R A b 27 7017 MRSAIGIRGEHE  TU)14& AL R
11 1014 MRSA IR B DA E SRR 28 7020  MRSA IER B 1U)1E G IR 1R
121031 MRSA IR DYNAE E SRR 29 7029  MRSA IER M 1Y)1E G IR 1R
13 1088 MRSA IIfEpRA #1145 3 S AR A e 30 8274  MRSA iR/ TU)IA R ERE
14 1102 MRSA IR DA E SRR 31 8305  MRSA IER M 1U)1E ES IR 1R
15 1144 MRSA IR DA E SRR 32 8306  MRSA IEREH  1U)1E ES IR 1R
16 1155 MRSA PR EE PO 148 A g R A b 33 8318  MRSA IR/ TU)IA R ERE
17 1156 MRSA IR B DR A4 PR R 34 8325  MRSA IR W)IE G IR 1#EE




¢ £ % Chinese Traditional and Herbal Drugs 38 50 % 25 7 # 2019 % 4 A

* 1631 °

1.2 754

THEWAHIE A CE R ARAR, SRk
A Y AR S NS IR EHE Y T &
Eugenia caryophyllata Thunb. [FJTERETE; F5Pg
MOt B326BA3634) . kT (HtE
BA14BA0016), WEAT A TR (L) Bha
BRAF; Skfanths (it RKOY-DN25), 14 H H[E
£ 24 R R E A B
1.3 RKFI5EE

M-H Riz5773 (Muller-Hinton Broth, MHB),
) H 2 E Oxoid A ] E7EBIE, WHILREREL
MEARBIRFUEAF]; ZIKILE, WH Bio-Merieux
SA A7) FILAE-80, W H E 2R E AR
ATl 0.9%AMWANESHE, 16 E Y )FBHEZHNL A
BT 96 FLAR, W HEINEEK Jet Biofit AT
2 Rk
2.1 T EHAEE

I (R E 25 2015 FERRbRAE, SRAKZES
ATEREUT B, I KT e R kAT
FKALFERS), IHEEE (p=652.8 mg/mL), {7/
TR T, 4 CORFRAEEH.
22 HEEHE

2R EI S, Phep s b T A 3 R K A e AR
PRV, TR R BIREN 0.5 MERME (Y
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PANEHRE (FIC).
2.4 T EMIEIMIL MRSA EM
2.4.1 MIC WE  F 96 FLARGE IR 5
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S ASL AR IS 1 MIC {, SRR R R
HNE T AHMS B-H P R FIC
fHo BARTNEMTS: BT F AU A4 R
HAREWRE A 1/16~2 MIC, J4HECHF 1A 8] 57 Sk
FEMT i S P A AR, B AN
A 96 FLERH, BEFZPIIA 50 uL, A 100 pL
ZREW, 37 CHEFE 18~24h, MELLE LT, MIC
MR EIER B DA AU s w32
BB BHPEXT I, LA I AU 239 L 299
PEXTHE, DU SRR IR AL 2 E R . iR sZ i
AT 3 APATSEES, SRIREE 3 k.

243 HARGH AT ) 50%52 i B R AE KT R
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KPR B AR R =R E N MICo. FIC fR4L
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REFEFER, 0.5<FIC<1 NAIMIER], 1<FIC<2
RIGEFAER, FIC>2 MNEHAEH.
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HAXTHELE; 37 CIHIRE Y57 24 h, B2 /NN TE
BREURE, IR (Aeoo) {H o VAR IR AL AR,
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Fig.1 Distribution of MICs of clove oil and three kinds of B-lactam antibiotics
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A KBS RSN MRSA 3EME. 204 7 T &l S
B- N RIS PUAE R A 5 0T 2 #k MRSA FRifERRIY
MIC, 253K 2. R 2 Al5n, THMmS 3 # p-
W R AE 2 (BB papk, Sk g, Sfnths)
PRA R, BB R 3 FPiA=Z 5T MRSA 1)
MIC, LT 7 AeA 2 aE - e Kb E =
Pt MRSA %1%, % MRSA FrifERk ATCC33591 1
ATCC43300 (1) % Hfiif 2575 1

3 Al %1, B-IWELIERPIAE RS T & fd
. BIBEFEAR, KRR kLS55 MRSA IR
I3 BRI MICso F1 MICoo A AN FIFEE IBEAK. Horp
B B AR ) MICso AT MICoo 43 1] BARE S B0 FH 245 1)
1/4 A1 1725 SkAIEE ) MICso F1 MICoo 35 FRAR Ay B4
MFHZIE) 1/2; SKAIMEAGH MICso FEAR A A 2
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Table 2 MIC comparative analysis of clove oil combined with
p-lactam antibiotics against MRSA

% ATCC33591 1] % ATCC43300 [

ity MIC/(ug-mL™) MIC/(ug-mL ™)
BH O ETHEBEH O BH 5T HEMA
PUsEspisk 8 2 4 4
LEEF 16 8 16 8
Kkl 8 4 128 8

x3 TEHEMS p-AMREERKSERXT MRSA &K
53 EHEHY MICso F1 MICoo
Table 3 MICso and MICy of B-lactam antibiotics combined

with clove oil against MRSA isolated from clinic

MICso/(ug-mL™") MICoo/(ng-mL™")

4 PR OS5THEBBEH O RH S5THFHBAH
FSFEIR 64 16 128 64
SLIESE 256 128 1 024 512
skt 256 64 512 512
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SLAUMEAS) $it MRSA FH & .

Geit oy 7T MO B- A BRSSP AE R
FAXT 34 #k MRSA 32 H FIAHEAEH, 258K 4.
A, TS 3 M B-M R E R A,
FIC REUE R A FE<<0.5 F1 0.5~1, XYW T FHFil 5
3 M -G R A RS EE 2 FEEH
(58.8%~97.0%), JTHhEbifEH, HoS5FI5pEHk,
Sk AR AN S AU R P [F) 2650 51 58.8% 97.0%
A1 64.7%; FHUCHHIITER (3.00%~23.5%); 53k
FRIRLE 5 AR S PRI A AT I, B DB R R I
ToRAEH . BT Al o] ROl o B- I B E b
ZPUMRSA 1EF, W% MRSA X p-H kIS4

KL EMN 5.
3.3 T &EMXT MRSA &4<HIS00

KA AR LT 7 AR SR T Ao
MRSA KMz, 2R LE 2. AT, T &k
¥ MRSA Frifitk ATCC43300, HiA K238 540
il FAPHIBCR S R 2R RS, BT
EIREEIG N, BARAA T I B, R R R
KEWMEZHETE. HXd 18 MIC THilS 1/4
MIC T Z % MRSA IR AR, 1/2MIC T
MO A IE IR L2 2 h HEAGTE, T 3/4
MIC T & MBE BAEK MRSA IBZEH], 41 LR
16 h FEAXTHOH, MRSA A=K JUF-H#MH]. wii T
Fr AN MRSA 4K 2R EK KR,

F4 TEHRS p-ABREERKSERT FIC RS
Table 4 FIC index distribution of clove oil combined with B-lactam antibiotics against MRSA

i FIC<0.5 ((hEfEA)  0.5<FIC<1 ((HINfEH)  1<FIC<2 (L RAEH) FIC>2 (HHufEH)
7
EksE S BESREE i EE/% RS mtb/% HEHREE i EE/%

T I B AR 20 58.8 8 235 6 17.7 0 0
T LA 33 97.0 1 3.0 0 0 0 0
T A Sk A e 22 64.7 5 14.7 7 20.6 0 0
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2 T&HMX MRSA R ATCC43300 EAKHIFNE
(X *s,n=3)
Fig. 2 Growth curve of MRSA treated with clove oil
(X*£s,n=3)

34 TEHBMSLBMITFTHAFEAX MRSA £
A
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fii X MRSA FrvERE ATCC43300 AE K I .. 45
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AR, 14 h AR £ 1/4 MIC 3k
R RALFE S, MRSA A K28 —EfEEMH, B

3 TEHBSKAETHKATEAX MRSA fRfEk ATCC43300
EKHIEN (X L5, n=3)

Fig. 3 Growth curve of MRSA treated with clove oil and
cefalexin (X £, n=3)
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2 1/4MIC T &AL 5, MRSA A K BRI
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A AP S, MRSA AKAZ 2R EMEH], 24 h AR
L MRSA BlERAEK, EKJLTA TR 18
T RE T 1 g =k A SR T MRSA VEE
4 g
THEAWEWAEMNANE, REFEE, £
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