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XDRAB were tested. We determined the minimum inhibitory concentration (MIC) of linalool

Thisis an Open Access artide for the test strains using the broth microdilution method and searched for interactions using
Al distributed under theterms of the time-kill assay.

the Creative Commons/ttibuion Non Commercial Results: The time-kill assay showed that the linalool and colistin combination displayed a

:ﬁmmgﬁﬁﬂeﬁmﬁ high rate of synergy (92.1%) (by synergy criteria 2), low rate of indifference (7.8%), and a high

use, distribution, and reproduction in any medium, rate of bactericidal activity (74.5%) in the 51 clinical isolates of A. baumannii. The synergy

provided the original work is properly cited. rates for the linalool and colistin combination against MDRAB and XDRAB were 96% and
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92.1%, respectively. No antagonism was observed for the linalool and colistin combination.
Conclusions: The combination of linalool and colistin showed a high synergy rate, which
may be beneficial for controlling MDRAB infections. Therefore, this combination is a good
candidate for in vivo studies to assess its efficacy in the treatment of MDRAB infections.
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INTRODUCTION

Acinetobacter baumannii= 7131t9& 07| = A3/ 7o 2 T & d o7
w25, HE, a2 B L2AAT HAPZEZT1.2]. 22 HAIU/EE 7 A. baumannii7 57
A /de)7h @A AdEol] o252 733 QUTH3]. Polymyxin @YANQ colistin 4A15/g 2}
735/ uf 2ol 2 AFRER] Rt A, baumanniiS E3FSE ChAUA] d3HSA Tl E4do]
2 ot PRYAZ ThA] F5-2 9 QITH4 5. SFAITE colistin®] AHg-0] S71gtol] whe} o]of]

d= BOl= A. baumannii7F WFEFSAL, colistin®] -5-8-/doll 2 I o] =2 Qek5-7]. TS
A. baumannii®] 7154 3182 QIS HIH © 2 carbapenem] A|42] 3291, v 2] QulA] 78k x| &
231 A e Sof AAE UTH8-10]. /YA ARE-2 FARES oI 4= A1), A

A g2 AldE0] AFAol M Felish= QEASHA| ol AR = MRS A &gl whel12], AR 22 4

=Fel Adaat @Al Hekaro] tigke 2 TRk of RIT13]. A& TRt tiAtES 1t
E=t, 12 tiAEE-& 251 343 doll Tolobm Al Fo] A7t whdo] Qloi14]. 23} tiAbHE
2] uiEhd Sk A1 Bo] TAo] chsEA] FEISAT S5t ol e Beis) A
Fe AU 22 tIAEES] BRI 2(14] £, <, ] 223 Aot Soll 25 TE 181
HZAAE Ao 3o Q101 22 23l | 242 A EOISITHIS] Lindoot® 3, 5
A 12al AlEatdol A e ARSE]E BB 23l(Monoterpene) 2 & 114%(Coriander) 7-7-2]
2.8 T Ro|o] B $TAL B A0 R BIEITHI618)

quH w50l ohell A 7 Ex R TR HRE Il o
o] Ao$HTH17,19]. Multidrug-resistant A. baunannii (MDRAB)°]| that @3 A|e} %
AEZEE0) ot te U8 A Qch20-22]. -0t A2 Hgka Holl gt
9| 23S AR, #1180 FFEHE/d o] Q17| whzol| Wkl A oF
Ho|u} 35t 0] Asgutet Agtant of .2 njeldt @ 7} Qlrhi5-17, 2324]. o] A=
CHA| WA A. baumanniiS MDRABS} extensively drug-resistant A. baumannii (XDRAB)E TH O 2,
linalool 2} colistin ® &2 k& & H7}517] 9Is Al¥Fct.
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MATERIALS AND METHODS

1 O 2 HKI4T

2009 6¥HE] 20159 5E7HA] F 6% 2SR ol A AlFEl AR} 22 E A
%, A. baumannii 2 57| 0] WS EASNLE A, baumannii 51555 575t B4, ZAFSHACH
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T 52 & H A & Aol ARSI o 572 VITEK? System (bioMérieux, Marcy-
I'Etoile, France)2] VITEK2 GN 7FEZ 0|85}t VITEK2 AH5-E2A17| 2 A. baumannii 2 57
o FFEL FEHE 201517] Y8l blagy s PCR [25], Higgins PCR [26], A. baumannii species-
specific PCR [271& Ala5to] B B9 4% A. baumannii 2 S5t TatAl 243 AA
= VITEK2 System (bioMérieux)®] VITEK2 AST-N225 7}=E- o]-8511th Aol AL H 5=
Magiorakos 5-°] Z|A2E 7|0l YA E 97112] WF= FHE6taL, MDR2 371 o]/d2] HeoilA]
7+ Zzntet 17) o)/ FAAlol ZH4/d o] Gl 7901, XDR2 271 o]se] M5 A et Lt
2] g0l A 17]) o)) Aol /g o] Gl= 7%= A 2loki T 28],

2. =0 el A

Linalool} colistin> Sigma-Aldrich (Sigma-Aldrich, MO, USA)AFR] A& 2 ZF2} 12602, C4461
o] A EH T E AR Zh Aol thek MICE= Clinical and Laboratory Standards Institute (CLSI)
guideline®]] 2} broth microdilution assay™d'#H. 0.2 =75+ tH29]. Colistinl] th$+ 74/ Ait=
CLSI breakpoint 7|52 w2t A5 TH29]. Pseudomonas aeruginosa ATCC 278532} Escherichia
coli ATCC 25922 w5 74 =22} & 91l ARS3I3IH.

3. Time-kill assay

Linalool™} colistin TH=-A]] Zﬂ% Z¥z} 713 A1 linalool 2} colistin B EHA| A 2 time-kill assay = A3k
At Zt 7= B AL wf 2 E 57} 1 X 10° CFUML7} &) =2 Mueller-Hinton (MH)
brotholl Z7}ITt. Colistin hEL QAH o 2 Tt 7HsTt oéxg =501 2 pg/mLE AFRFIT[30],
linalool& A2 0 2 1/4 MICO] s dshe 552 AT} &-A17F H7HE MH broth?F ©7
tubeoll #FE HZ3HA, 1 X 10° CFU/ML 5 & A £1)7} 10 mL7} = =2 ZH|5}0] 37°C 2
& a7 10l A] B ATt 37°Coll A 0A17HT} 24 A7 HE-QF Bl et w2 10 pL] F3HA] 108] 2
&3] M o}al, 3] A B2 MH agar plate©]] 4 Z-5k0] shH Bl & F A 2t4E AFgsI]lTH31).

Feaate] Ik Attt th2 7| EE 2= o] Qlo] ’iRo] thE wf Bl watr] ofH
7] i Zell, &3] ARG A= T 7HA] 7]ES A-oto] b2k ST, 24417t vl =, 7
/o] w2 D=2A| Az ol M At 7 SHTF WA A2 oA At o 471 2 log,
CFU/MLO|A} 245t 495 7]21 (criteria )E A 2J5HAtE 18] 1 5w ate] 7|&18 =
SHEHA, 24417 B & H2bprt 22 FHFHED 2 log,, CFUMLOAY A4S 495 7
(criteria 2)2 7 2] 5} Tt T3 (indifferent) 427} 2 log,, CFUMLB|RHO 2 Z7} = 7hA
7d-¢-0|t, Z2&a 7} (antagonistic)+= 2 log,, CFU/mMLO |/ 0.2 Z7}st -2 A o5 th32]. 4
o] 5ol thsl] 7113 71508 BT 2]-2510] A5 E T (synergy rate)S AHE, H
Z FHESFET 247G & F 4271 3 log,, CFU/ML ©)/d ZHAsi uf At 2o
SFRATH33].
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RESULTS

1 #F2| g Z+d

5195 W22 VITEK2 FH| 9| /A Zd/ddrtolM da/de Uerd vle2
ampicillin-sulbactam 10.4%, aztreonam 0%, cefepime 2%, cefotaxime 0%, ceftazidime 2%, tigecycline
24.4%, ciprofloxacin 0%, gentamicin 14.2%, imipenem 4%, meropenem 4%, piperacillin 2%, piperacillin-
tazobactam 2%, ticarcillin-clavulanic acid 0%, trimethoprim-sulfamethoxazole 14.8%, colistin 63.2%,
minocycline 82.9%°] AT},

2. Linalool2} colistin2| MIC

2245 51719) AA= 1022 MDRAB, 4152 XDRABZ 2153t} Linalool®] MICE 2-32
ug/mL, colistin®] MICE 0.25-16 pg/mLE THES1ATE Linalool®] MIC, 2 8 pg/mL, MIC, 16 g/
mL L, colistin®] MICs,2 2 pg/mL, MIC, 8 pg/mLO| I},

3. Time-kill assay Z1}

E A, baumannii T-701| th3} time-kill assayZ2¥H= Table 101 A|A5IC 71512 285t
%a 3 WA oj| A MDRAB 105 5 1055(100%), XDRAB 415 % 39 35(95.1%)°l| A A5 a 1=
Z5qict 71225 A 85t 45 a 3t B0 A MDRAB 105+ 5 955(90%), XDRAB 415 % 38
92.6%)°NA A5aate Bastgitt, A4gtaats Ho 2| 29kt Table 2).

Colisting T 2|3t 3¢ BE 5ol A Arte]S TE 4= gl L, linalools T4 2] gt

73%- MDRAB2} XDRAB ZVZ} 150l A A& HQick B3R o] 79 MDRAB 105 5 85
(80%), XDRAB 415 2= 305%(73.1%)°Cl| A] Alt2]-& 32519 Ch(Table 2).

b

or

N R

Table 1. Results of time-kill assay and bactericidality against two-drug combinations of linalool and colistin of 10 MDR and
41 XDR clinical isolates of A. baumannii

LoglO(VCC of

Logl0(VCC of 24 hr)—

Grow e SOOI LogltVCCor0m) Sy Syneny MO MIC Comoy Becemoialy |
VCC of MASA) of 24 criteria 1} criteria 2§
hr LNL* CSTj LNL*+CSTt INL CST CST LNL* CSTf LNL*+CSTf

MDR  89-92 -52 38 37 -14 S 19 40 80 R N N N
171-84 -6.1 01 29 5.8 S S 160 20 S N N B
172-91 -34 08 08 25 S S 160 20 S N N N
172-99 -5.1 -1 20 -6.2 S S 40 10 S N N B
174-99 -8.1 29 31 52 S S 160 160 R N N B
180-82 27 34 01 -59 S S 160 05 S B N B
181-67 95 19 17 -53 S S 320 05 S N N B
186-88 -5.0 03 09 5.2 S S 160 20 S N N B
191-19 -82 31 42 -5.0 S S 80 20 S N N B
200-92 -74 21 41 -5.1 S S 80 20 S N N B
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Table 1. Results of time-kill assay and bactericidality against two-drug combinations of linalool and colistin of 10 MDR and
41 XDR clinical isolates of A. baumannii (continued)

Logl0(VCC of Logl0(VCC of 24 hr)— T
S— combination/ Logl0(VCC of 0 hr) S ymergy S ymengy MIC MIC Category Bactericidality ||
VCC of MASA) of 24 criteria 13 criteria 2§
hr LNL* CSTt LNL*+CSTt LNL CST CST LNL* CSTf LNL*+CSTt

XDR 69-84 52 2.6 39 2.5 S S 4.0 8.0 R N N N
99-73 -6.1 02 0.3 53 S S 8.0 8.0 R N N B
111-27 -6.2 0.9 2.8 5.3 S S 32.0 2.0 S N N B
130-33 4.1 1.8 19 23 S S 40 160 R N N N
139-27 “4.0 -1.3 3.1 53 S S 16.0 20 S N N B
148-33 44 -14 1.3 -5.8 S S 8.0 8.0 R N N B
150-94 54 22 2.1 32 S S 8.0 2.0 S N N B
155-24 2.7 1.8 3.6 2.7 S S 4.0 20 S N N N
158-46 4.0 -19  -19 -59 S S 8.0 2.0 S N N B
158-86 <72 22 32 -5.0 S S 8.0 1.0 S N N B
158-87 -5.8 0.7 42 52 S S 8.0 8.0 R N N B
159-86 -7.0 1.0 32 -6.0 S S 8.0 0.3 S N N B
160-14 24 02 -03 2.6 S S 40 160 R N N N
160-15 -7.0 1.7 1.7 -52 S S 16.0 1.0 S N N B
160-68 -6.0 0.7 39 49 S S 16.0 8.0 R N N B
160-92 -6.2 0.9 3.8 5.3 S S 16.0 4.0 R N N B
160-93 32 -3.0 19 -6.0 S S 8.0 8.0 R N N B
162-83 -6.0 -02 23 -59 S S 16.0 0.5 S N N B
162-88 -3.1 0.7 3.8 23 S S 4.0 8.0 R N N N
163-71 -3.6 44 43 0.8 S 1 2.0 8.0 R N N N
163-72 -19 -0.5 0.7 2.5 1 1 4.0 8.0 R N N N
163-77 =13 22 2.0 -5.1 S S 16.0 40 R N N B
164-35 43 1.8 19 23 S S 4.0 2.0 S N N N
164-62 -5.8 0.6 40 -5.0 S S 8.0 20 S N N B
16541 -33 0.8 1.7 24 S S 4.0 8.0 R N N N
165-83 -82 29 29 52 S S 16.0 8.0 R N N B
165-83 =72 1.8 2.8 52 S S 16.0 8.0 R N N B
166-13 -64 2.0 29 44 S S 16.0 0.5 S N N B
166-24 -6.2 0.9 3.0 5.3 S S 8.0 1.0 S N N B
166-61 -8.3 35 43 4.8 S S 32.0 1.0 S N N B
172-89 -82 24 23 -6.0 S S 8.0 2.0 S N N B
177-35 52 29 29 2.1 S S 4.0 2.0 S N N N
189-52 =72 2.1 32 49 S S 8.0 2.0 S N N B
18997 <71 1.8 19 52 S S 16.0 20 S N N B
200-19 4.3 2.0 2.0 22 S S 8.0 2.0 S N N N
218-62 -6.0 0.8 0.6 -52 S S 16.0 1.0 S N N B
219-12 5.3 2.1 19 -32 S S 16.0 1.0 S N N B
219-56 -6.9 1.7 3.0 -5.0 S S 16.0 1.0 S N N B
219-67 -04 4.0 4.0 44 1 1 16.0 1.0 S B N B
222-23 2.8 32 1.1 -6.1 S S 8.0 1.0 S B N B
230-54 -5.0 1.1 -1.0 -6.1 S S 8.0 1.0 S N N B

*Linalool 1/4 MIC; fColistin 2 pg/mL; >2 log,, CFU/mL reduction with the combination compared with the most active single agent of
24hr; §>2 log,, CFU/mL reduction with the combination compared with the most active single agent and >2 log,, CFU/mL reduction below
the initial inoculum at 24 hr; || >3 log,, CFU/mL reduction compared with the initial inoculums; 9 <2 log,,change in CFU/mL at 24 hr with
the combination compared with the most active single agent

Abbreviation: MIC, minimum inhibitory concentration; LNL, Linalool; CST, Colistin; B, bactericidal; N, non-bactericidal; MDR, multidrug-
resistant; XDR, extensively drug-resistant; S, synergy; I, Indifference; VCC, viable cell count, MASA, most active single agent.
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Table 2. Comparison of time-kill assay results between MDR and XDR groups against
combination of colistin and linalool

- - . MDR XDR Total

Combination of antibiotics Interaction

No. (%) No. (%) No. (%)

Colistin+Linalool Synergy (criteria 1) 10 (100) 39 (95.1) 49 (96.0)

Synergy (criteria 2) 9 (90.0) 38 (92.6) 47 (92.1)

Indifference 1(10.0) 3(7.3) 4(7.8)

Antagonism 0(0) 0(0) 0(0)

Bactericidal 8(80.0) 30 (73.1) 38 (74.5)

Abbreviation: MDR, multidrug-resistant; XDR, extensively drug-resistant.

DISCUSSION

2 Aol A THA U3 A. baumannii B/d2-2] 5 5152 linalool} colisting B Esto] G315 3
7¥et A}, S E AME RS wiH T 945k e S Itk MDRABE 0|85 147 o1+t
ol = 2]H Z(Bucalyptus camaldulensis) 4-F-2} polymyxin BE ¥ &ote] 5815 HEA3
TH21]. 2oi & Myrtus communis L.) %-F-S polymyxin B L8] 3L ciprofloxacine™} ZH2} v &ko}oq
MDRABE U1} 0 & 4581t st A4k RUUTH20).

A. baumannii©]| linaloolZ %] 2]oFA} &t 2/d 1} wh2 At S-S UERA AL, biofilm 73S Al
Stotal IO A2 -S AAIFITH19]. P. Aclenei 52 checkerboard B S 2 oxacillin,
erythromycin, gentamycin, ciprofloxacin, tetracyclin, clindamycin, erythromycin = Z}2} linalool2} ¥
St SIS 71T S. aureus 35, P acruginosa 25+, Staphylococcus epidermidis 15, E. coli 15
Uz P e JHED £ T A5 aE BRI BES v EE AT EW, S, aureus
= 80% (12/15), P, acruginosa = 12.5% (1/8), S. epidermidis 42.8% (3/7), E. coli 40% (2/5)01 4 A4&
W7} QlS-& ERI5FTH17]. Silva 52 checkerboard ®5 22 linalool ¥}t imipenem 2] 1. linalool
T} ciprofloxacin®] B &S FEF S. aureus ATCC 6538, P. aeruginosa ATCC 25853, Y/

& RIS F U] o=of| tisl} A|3Y5kQIT). A AH= fractional inhibitory
concentration(FIC) 2|47} 0.50|51H 75 a 3}, 0.52 3 11992 X71a 3 10)4 4|9k £
o 2 Hol5tA Tt Linaloold} imipenems et 23t Ul 5 25 A58 =, linaloolo}
ciprofloxacin®] ¥ &2 S. aureusOl| A %]7+a ¥ H(additive), P aeruginosa + T2+ B Tkal ATk
[16]. ¥19] A2 2 A4ehs e F52 thE Aol tigh B avtE HrIst Aol 2
=, Jeargs A3 Hud = gl o] A& st 2he, linalool} colisting Z3H3)
ol 7|25 A& Al 92%2] &5 8E H17| miwel, o] 232 AU A. baumanniio] H
FYR 2o oA

=z
2|3 S. aureus, P, aeruginosa= 3

o o

o] EbdZ RISIAIAX Ao o] 23} ofn| Al ATP Z12]31 DNA 59 242 §-=oHH,
AR FHe FHEEA AlZY 29| 2/ (integrity)= Holiotal AlZAFEE .
Linalool:> 18 /g vt 1830w Bl A Almd o] BEabd & S7HAA M348 &
AE Frghttar B = Jrh35]. Colistin G101/ (amphiphilic) /A2, Al )5 Az o]

[o

o
H1
rol
e
(O8]
e
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lipopolysaccharide (LPS)2] lipid A (LPA)2} /3 S Al-8-510d, M| 3ZE- AFE A|Z1TH36]. Linalool2} colistin
%= NaEgo] 2= 7S 7HA AL 1A, A4S ARE-0] 71 Hhsl 7] YleliAe =t A
= Reke) e

AEX O Z A. baumannii ©l TSt linalool T colistin 232 MDRAB, XDRAB 25 =2 H| &2 A%
s Ho uf e aubAQl 23HelS eIt 4= QU 7]& A WEhe ¥ 55 MDRAB
of| 485t = e Eo] oigtal HEkaRlo] aufA ) ¥Rl 7]E9] A= AU ¥HAH[37],
invito2}in vivo? F R = AT e = A= AATH38]. & A 71E YA Z3o]
O}L‘] e 4 geQl 111131001-‘—]'00 % tgi:%}oﬂ ‘:l'zﬂLH"é A. ba umannuoﬂ A 85k x| %0 A& 9

"l 7: Acinetobacter baumannii= SFAUAJ Q] 2712 MAA Q] B4 2 tf&5] 1 itk chAuA] A
baumami (MDRABYZI1e] 2| 2380] Al24jo] o 2 Mz 7 241e] Wrio] AlFstck. Linaloo
-2 Coriandrum sativum®] 58 73 @ A2 X X A, baumannii©l] thet &2 - aIE 71|10

£l Bt o] A7-2] 24> MDRABZ} 3 9141/ A. baumannii (XDRAB)e] H5}] linalool
I} colistin®] Z3Ho] AH4 G 3+ Ho| x| ZAFs}7| 9jgtolc)

HHA: A, baumannii 51952 A¥5H31 2 M 107-522] MDRABS} 419-52] XDRABZ A3 =] 31t
Broth microdilution.©- 2 linalool2] MICE- 275} 1L time-kill assay = A1 9] 282 75131t
ZA3}: 51952] A. baumannii /3 E2]FE O 2 Time-kill assay A 3SH A1}t 715 25 X84,
L0 AR (9 1%), RS HH7.8%), 12|l =2 A& 1H74.5%)7F BEE|QITt Linalool}
colistin® g2} /35 7H= MDRABSF XDRABOIIA 242} 96%2t 92.1% % =] Qick 2282
i}il—g] 2] ekorr}.

2 Linalool} colistin®] 232 =2 4428 59 Ho] MDRABZ Y-S &5k avh&el %
%L?:_' 7Hs e HojF]i}. 1B o] 23] MDRABU A &0l thet 84 H71oH7| 9

& in vivo 27t 771 = @ 5}c}

FUNDING

o] =22 20178Hd = 2AI T8l Shed ] o] 2| S Hhop AP E| QLS.
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