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Abstract: Objective To investigate the anti-methicillin-resistant Staphylococcus aureus (MRSA) activity of clove oil combined
with quinolones antibiotics in vitro, and provide scientific evidences for the treatment of MRSA infection by clove oil combined with
quinolones antibiotics. Methods Minimal inhibitory concentrations (MICs) of clove oil and four quinolones antibiotics

(moxifloxacin, levofloxacin, ciprofloxacin and norfloxacin) were determined by microdilution method; Fractional inhibitory
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concentration (FIC) indexes of clove oil combined with four quinolones antibiotics were determined by chessboard dilution method,
Inhibition effect of MRSA by clove oil combined with four quinolones antibiotics was analyzed by growth curve method. MIC changes
were analyzed when MRSA standard strain ATCC33591 was induced 30 generations with clove oil. Results A total of 35 strains of
MRSA isolated from clinical patients showed that the highest resistance rate was moxifloxacin (88.57%), followed by ciprofloxacin and
levofloxacin (77.14%), and the lowest resistance rate was norfloxacin (74.29%). The results of FIC index analysis showed that the
different thesynergistic action effects of clove oil with moxifloxacin, levofloxacin, ciprofloxacin and ornorfloxacin, were 42.86%,
37.15%, 34.28% and 34.28%, respectively; The additive effects of which were 28.57%, 25.71%, 22.86% and 42.86%, respectively; The
unrelated effects of that were 28.57%, 20.00%, 42.86% and 22.86%, respectively. Among them, there was partial antagonism in
experimental strains when combined with levofloxacin, accounting for 17.14%. The growth curve showed that the combination of clove
oil and quinolone antibiotics had a significant synergistic inhibition on MRSA. The results of induced drug resistance test showed that
MIC did not change after 30 generations of continuous induction with the clove oil, but increased to 16 times of that of ciprofloxacin
under the same condition, which indicated that the clove oil was not easy to make MRSA resistant. Conclusion Clove oil is not easy to
produce drug resistance. They showed different interactions on each other when clove oil combined with quinolones antibiotics, and
most strains of MRSA isolated from clinical patients had obvious synergistic and additive inhibition effect. The dosage of quinolones
antibiotics could be cut when clove oil combined with quinolones antibiotics for treating MRSA infection.

Key words: clove oil; quinolones antibiotics; methicillin-resistant Staphylococcus aureus; fractional inhibitory concentration; drug

resistance induction
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Table 1 Number of experimental bacteria and MIC of E. caryophyliata
FE O EHES 44K TEMICH  wu wwms  EHSK T MIC/
(hgmL™) (pg'mL™Y)
1 ATC(C25923 &8 (R & EK b Tiis ik 510 20 8301 MRSA Il Rk 250
2 ATCC33591 MRSA FriERE 510 21 1248 MRSA Ilfs Rk 510
3 1158 MRSA Iifi R Pk 510 22 4445 MRSA Il Rk 510
4 7006 MRSA Il E#E 250 23 7009 MRSA Iifi R ¥ 510
5 7007 MRSA Ilf5 Rk 510 24 942 MRSA i R 250
6 1145 MRSA Ifi R #E 250 25 7015 MRSA I Rk 250
7 1093 MRSA Iifi R ¥k 250 26 7001 MRSA Ilfs Rk 250
8 7017 MRSA Iifi R ¥k 250 27 1303 MRSA Ilfs Rk 510
9 1155 MRSA Ifi Rk 510 28 8311 MRSA Ilfs Rk 250
10 1014 MRSA Iifi Rk 510 29 8318 MRSA IRk 250
11 1300 MRSA Ilfs R PR 510 30 1334 MRSA Il Kk 250
12 5188 MRSA I Rk 510 31 1239 MRSA IRk 250
13 8211 MRSA Ifi Rk 510 32 1412 MRSA Ilfs R #E 510
14 1049 MRSA Ifi Rk 250 33 7020 MRSA Ilfs Rk 510
15 1246 MRSA Ifi Rk 250 34 7012 MRSA Ilfs R #E 510
16 906 MRSA Il R PR 510 35 7011 MRSA I Kk 510
17 1087 MRSA Ilfs R PR 510 36 7029 MRSA I Kk 250
18 8303 MRSA Ilfs R PR 250 37 7005 MRSA I Kk 250
19 1322 MRSA I Rk 250
1.4 {8 2 TEHEELZHEEEEZEIAMNERZEIN

AW A, T E DN RS EARF R A A
G AAEIRIRG 45, W B RS 2 S WA PR A A5
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96 FLAR BRI B E T FHE KI5 4 Fhnd i
FEPiAd R (A AE. EERDE. XADE.
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Table 2 MIC value distribution of four Kkinds of
quinolones antibiotics
e MIC/  #&E/| MIC/  Hiw/
A gmiy | Y emiy
L iU >0.5 3 |®HEpE >05 8
1 1 1 0
2 2 2 0
4 3 4 1
8 10 8 2
16 3 16 0
32 0 32 4
64 0 64 8
128 12 128 11
256 1 256 1
512 0 512 0
FERLE  >05 5 [EmRDE >05 0
1 3 1 3
2 1 2 3
4 2 4 3
8 6 8 0
16 5 16 1
32 13 32 1
64 0 64 0
128 0 128 5
256 0 256 11
512 0 512 8
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Table 3 Drug resistance of 35 strains of MRSA isolated from clinical patients to quinolones antibiotics
2 it A 12
j B bk 7 EE/% /bR 7 EE/% B/ bk i EE/%
TIPEY 2 3 8.57 1 2.86 31 88.57
TERERDE 8 22.86 0 0 27 77.14
EZNTSRY 8 22.86 0 0 27 77.14
nE R 9 25.71 0 0 26 74.29
F 4 THELHS 4 MELEAINE ZBEA T MRSA #9{ER
Table 4 Effect of clove oil combined with four kinds of quinolones antibiotics on MRSA
s iy [FR)VE FH AR INYE F TeRAEH EHUEH
i B bk i EE/% B/ bk w7 EE/% B/ bk mE%  BeEAgk %
TEERIMA-ZEbE 15 42.86 10 28.57 10 28.57 0 0
TR R 13 37.15 9 25.71 7 20.00 6 17.14
TEERIMAIRE 12 34.28 8 22.86 15 42.86 0 0
TEE R E 12 34.28 15 42.86 8 22.86 0 0
REHEWARMEN, Hh5FERDEKRANR 34 TEELHSEEREEZKAST MRSA
R, 77.14%E k2 FERAAEIER, 22.86%K 4 4KHZaIE2 0

PRETRAER; HUCHETRE, 71.43%H k2
[FRIAEIIAE T, 28.57% Mk £ IERAEH : TR
NIV, 57.14%B k2 FEFIAIMIER, 42.86%5
PRETRIER; SRR ZEN R AR E, 62.86%
Bl R S B R AR A . 20% B ik 52 T %1 A
17.14% B PR 2FEPUER - Ui T 248 R il -5 v
Ky RBHPEHFEER . 2992 %A
3.3 TEELHN MRSA 4 Kpizkavgim

W FR, T EERM A MRSA 4K,
BEREA RN ESLIIREVERE PN, 3/4 MIC T4
FERIMPNFEBCR AT 1/8 MIC K DL RIKE T &
FIHIER

= R
o 34MIC TFHHERIM
14- A 12MIC TR
’ v AMIC THHERIM
_ I8MIC TR
12 PRE E R VI6MIC T AR
§ 4
1.0 i £
| v
2 08 e T iy
‘(S:» v P A
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0.6 -
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0.4 vy "t
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0.2 g A, °
y S
R e e —
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t/h

1 T&HELRAX MRSA FRfERK ATCC33591 &£ KIS
( x*s ,n=3)

Fig. 1 Effect of clove oil on growth of MRSA standard
strain ATCC33591 (x+s,n=3)
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WD CRAN e 22 )R S B YD B ERA, AU
I3 AN A K D .
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30 fJE, W MIC 424 510.0 pg/mL. VAR E
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EHEZER, W25iESAM MIC HiESEIM 1.0
pg/mL HEHNZE 16.0 pg/mL GFSE 5 5 ALK MIC #2
FEONESREIN 4 5 FFE 25 R, MIC #mE
55 ARM 4 5 BRI 16 £5), B EXTHRALm
MIC 4H24 1.0 ug/mL, TALMAELL, BB T &FIE
RMA G A2, AR BRAER G
TR 2412
4 g
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B2 TEELRHBSANSEELE A EZERDVE B). FADE (O, BERIVE (D) HKAX MRSA E£KHFNT
( x*s ,n=3)
Fig. 2 Effect of clove oil combined with moxifloxacin (A), levofloxacin (B), ciprofloxacin (C) and morfloxacin (D) on growth
of MRSA (x+s,n=3)

x5 TEHEELXBMSHRDEMHFSEN MIC LERIH

Table 5 MIC comparative analysis of clove oil and ciprofloxacin after drug resistance induction

5 MIC/(ug-mL™")
A A 0t 51 10 £ 15/ 20/ 25/t 304K
THE KM %S 510.0 510.0 510.0 510.0 510.0 510.0 510.0
7 XTI 510.0 510.0 510.0 510.0 510.0 510.0 510.0
WV E %5 S 1.0 4.0 4.0 4.0 4.0 16.0 16.0
7= X IR 1.0 1.0 1.0 1.0 1.0 1.0 1.0

e AU 12 MIC T HE S SR Y BT 2515 T, = o0 RN B R/ LRI R

Note: The drug induction group was induced with 1/2 MIC clove volatile oil or ciprofloxacin, and the blank control group was subcultured naturally

= AN EIES

po: PN b 181 %P1 RE
- - L]
5401 o
h T, 124
— —
E 5201 R
g o A1 o o o o o i:e 4
O 500 g
= =
- - - - L ]
480
] o
4607 T T T T T T T 0‘ T T T T T T T
0 10 20 30 0 020 30
s s

3 TEEXMSTRDEMHEFEHN MIC BLES

Fig. 3 MIC comparative analysis of clove oil and ciprofloxacin after induction of drug resistance
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Xof 4 v E T T BR R T T 9 M AR B TR A
KIGIRA B ASR R E it 28 5 B 0 B A
22 T RETR 7 AN [RIFP I 40 B A B B (R PR E . T
FAEA—FIZ W EY), HIE R &
HIERRER MUBAT ZHPiEENE, BAR
BN, B, TR — R A 2 e B R 7 R
BIRKIWFF R 771230,

S EOEARE S ANRNEENRE, B2
FhEg 775, MRSA BRI R & AP0 AR i 24 1
WeRR A “HREGAE " PO, BT R R IR
A FRIRIRIATT MRSA JRYLI— 2k 259, B
2 AN W B N FIAS R R, 5350 H A I PR T G
ZIMEFIME 25 BRI, T &R RS
HAHEP MRSA i1, MIC A 255~510 pg/mL;
35 & MRSA iR 7 254k LAZE 76 70 2L 1R i 245 5t e »
i5 88.57%; HUCHM NI BAIE AR E, TZH
BIH 77.14%; T 25 M AR N RV E, A
74.29%, X 5IlERPUAR Z A H S B B B IR ARG,
Vi B PUAE FR P S I R A R R 1 R A
Ko BRI, T HHERK M MRSA I K5
BRI MIC 5 & 756 i e R S A 27 A it
TR, WY T FER M SR E R
To 2 X i 251 -

BRI ORI, THEERMANE S A
AP. MRSA 1EH, HAEE B-N BRI R T
MRSA fERUO, NG T F I R s iiA R
Pi MRSA 751, kG HLBURIMEAER, APF7iEsE T
e R 5 RV R BT B 2%, 0 W 3 R X B )
BB DL . WETETRRPTA AR 1 AR T E A
RN I PRI IR S, ASHIE FgE R I R w1 28
2 R GERY B FR R 5 3R CEARID ED.
a4 CGERYE) 2441, B T HEERMETE
IR E R ARG EER .. BRI, T&
YRR MAE — i R R b ny 49 o v 3 R 28 B AR R B
MRSA fEF, E UM, K559 E, &
AHR R YR WEEI R E AR IAE
IYHIN 71.43%. 62.86% 57.14%. 77.14%, T
YERY BN 28.57% 20.00%. 42.86%- 22.86%,
VRGLZH AT IR TR I, T B RS B-N Lt
A2 FRIBCH B [F) 30 28 d s v 97% 010, Ui B T
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