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=iInBRENZSEISHERLR
Bk L EASEFAMIBEYEHS

EEE RG4S BTES FRE? BELS

B RAER L RIRER 2 AR A
SRS AR A A it A

MENEMEBIARENAHFEME - IETUNEBRRFTAMERN
B RIBENERUIESEBTHRE - S AMI (bacterial persisters cell) &
KEEAD o MEMRERRINERRE  SMERFETHERE  HWRSEHRN
FROOMEENE - RBEEMHERSEFERE AT BAER LBEMNHEER
- HHEEENEMERIEEREAERPIHEZEZAE - ALK MFTEEEE
f# ethylenediaminetetraacetic acid (EDTA) 2RIz S EMSBEES (isothiocyanates,
ITCs) 2ZEMPIMBERER - Hp EDTA B—EESH & BEEYLULINMEEINE
BUZEE © M ITCs ERMMED T - IBRIHIFFZREREER - HfIE5EE
{&s EDTA B ITCs SR MMERs AEIMEERIGIER - ERTHlE
HIMEE RN 2BEREINERE (minimum inhibitory concentration, MIC) i8I
E o (L 2EEMEIFAMIBRIZFIFA carbonyl cyanide m-chlorophenylhydrazone
(CCCP) s3&(E Pseudomonas aeruginosa EAFFANMEREY o WFEEERE sub-MIC
ITCs B35 EDTA BUIER S » BB SERLEHBERFAMBIRAITENR - &
BUERMGER - BRI MBE) LR HIHIRE - SR CCCP 5%
BN P, aeruginosa FfZ A ATHIE R ARSI S LEARISRZIBAHEEZKY 100 &+ LA
MIC TSR AMIRYES ITCs MEMUMREENZEY » TEHEEPIR sub-
MIC 89 Benzyl isothiocyanate (BITC) X indole-3-carbinol (I3C) &f# EDTA {&F
B RSENFEKRBEEHIVIE - FIRMBZSRFEMEITAMRNEEE - ALt
REIERERT ' ITCs &1 EDTA IBRUBIRER CCCP 55&8Y P. aeruginosa #li&E
F AR o SERIBH—TBENAEF AR - MOERRELEEEZ
RERNR o ( RXIEREE 2024:34:71-84 )

FIfEE) - SENEME - ENEKEE - BIREE - MR - & AR

EBEI1I2FE4015H0%H HAEE - BEL
RE 11246 A 15 HBE WA FRTAEREELE 151 %
RE 11344 A3 HEZHR #MEE : 07-7811151

DOI: 10.6526/ICJ.202404 34(2).0001
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% IR A2 B (Pseudomonas aerugi-
nosa, P. aeruginosa) % % 1% ik B % B
AR EZ ARERERE - RN
AFWER  EBFHASBERTEE S
FHE M (multidrug resistance, MDR)
W W R o MDR E & Z 4 E HR =
BUOERAEZTELERENR[1] HA
METLE MR EE - HIAE REAT
L2 E A ~ RAITE REN
M~ RBTERZAFENLE IR
WEBRABVUREBIHHEH (efflux
pump) % ° fR B HEHF L - A
BE N AR T W] 3R Y R AR R A s
(bacterial persisters cell) & 4 Jik & 47 &
(biofilm) R 4% & W Wy Z M (tol-
erance) [2-4] °

4 AR A — A 2 B RIR AR
& 1 %8 H B2 B (sub-group) * E M HE R
AT RGHET - Flm LR &k &R
ERAEZFZRE VI WERCH
MR ER - EhmE R A EEE
% & (viable) B F & & - A KA
AR BT B L] LA X B R R
WL YT TR ARTE o 4 5 A4
MEATEZHR Gz TN - FH
— B Wk 8 & R EARHE AR R BT
BEHAEZTWRZME(S, 6] HA
B 58 BE T AR K 4 T i R B L
T DNA (deoxyribonucleic acid) 1815
P % & % (nutrient starvation) ~ 5 & &%
# R & (quorum-Sensing) ~ &L B /7
(oxidative stress) VA & B T A& 3 pH &

BFHES, T A BHABRENE
Pt & J 018 % T~ R B30 H B TS i
B TR EELEWEN M
HREHNRIPNREZEARS
WM 2 (8] o FAE B E X IR A
BRREWEN  EFTEHZREENH
EHRVEDNABR - EHE UK
Pt Ik % BE (peptidoglycan) & R & & 1%
BAR > A FWRENRYD - FEFAE
VIR M Bk B e ERERMR - E
MRS IRRTFIE (6, 8] WHE
B R b3 BLE AW 4 A Y R
WeEREREE  ARHEHELTEH
BRARHEFEERBRRT AT WS
Moo FmERRERERFFERSE
W R A BEREBK[S] o -
EEERIGRE > BHEFRBERRE
Mramw (RemEFAMM)  BFE
TRONEKMEF AR EERELER
BEMEHNEREE  ROTHTHE
BEEHL—BE -

EH K WHE R E (outer
membrane) ¥ 41 ik B & — 8 fig % BE B
(Lipopolysaccharide) * HE & #%E €%
WoFERBTABO] ERMNAE
FENHHENAERA D EEEA
& o HIB IV R EF E (permeability
barrier) » 1 # 7k £ (hydrophobic) 47
BERAATEREZHEE REWKE
MHEHAERZ NIRRT ER R
(intrinsic resistance) [9, 10] ° & & 4} J&
] AmE RERTE B2 E R
%R B B ERFZST

(membrane-active molecules) % i 31 &

SRR
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BYENMME WG B HEE
BRI R [11] Bl LR R &8
%G MW R E W& A (surfactin)
KBRS R SRR
- REBWENERE Z8E - DL
REIMEZER[12] c BT — o E
1 % %] (membrane-active agents) 4}
ethylenediaminetetraacetic acid (EDTA)
WERIERFER > REE R
BT ZAER  FHTHERERKER
BAMEW T RRE  EMBEESE
B ENEEEZRHOE - BUERK
BHERFTEREZBEFZEEIIE - T
R 40 0y By [9] e

B 7 & ® B (isothiocyanates,
ITCs) MY TR B+ F AN
5 X & & # #¥ (glucosinolates) &
myrosinase K Z B - HEFT EH
L BOR [13] o S AR TR E W
4,4 benzyl isothiocyanate (BITC)
phenyl ethyl isothiocyanate (PEITC) LA
& indole-3-carbinol (I3C) % [13-16] °
HBEBIHEEN RS ERA TR
BB EHZFRME P a w2 M
L0 A BETITCs BEYRBA
BRI S BE - B ITCs HEW
ER N=C=SEE#MZECME
mEEN S E O RS R E B M
B B A T A T E L A K
BHERTHE FHEESETRE
HH 4 E H ITCs ¥ DA B 36 1 Y
B A B EE B B & (reactive thiocyanate
radicals) {40 W& & H Ak FEAT
B ETMERFEFRH (14, 15]
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HA AR W E R ITCs B2 44 BHax
F % (carbapenem) % - H 4 RH
THRAERFBEENEREZME
BERABZWEAER - B3 1TCs $i
ERER XRS5 X
[14] o B S 8AFI A 2 AT 7 AL 4R 5Tk
—LE A H A O F R % A A
HimHE RN BEE R ZIWHBR
HRAEBEABENBEHE FALM
MBEHKD  BERNERTHWEEF
AtAMK % & @A oh R AT
1, #% 1# F| CCCP (carbonyl cyanide
m-chlorophenylhydrazone) =% & %] & 31
A% (<108 MIC) #ATHE > 77
g 38 W ) 4 WX E A ATP &
BT B~ ond A mE R EER
#| (nutrient starvation) B 3% 3% T #% 3%
B AR AL [17,18]
EAMAEFEMFEFME LERAKR
AVEBYHER S AWM ETER
WHRMER - LA ITCs HoL EEF
Blz At TEHRREEITCsEYH
PLHE R o

MFEE

— - BEEREMREEEY R
RRFERERELRZE (P
aeruginosa) 1Z £ H# tk ATCC 27853 °
B %47 3 mL LB 3% %% (Difco ™
LB broth ; BD CO.,USA) 7 37 Cla1&
3% % > BITC ~ I3C ~ PEITC (Sigma-
Aldrich, St. Louis, MA, USA) LA 95%
BRI E MR 1 M Z stock solution ;
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EDTA (Sigma-Aldrich, St. Louis, MA,
USA) 2 & & 500 mM pHS.0 = stock
solution » FTH A E|#HEHF R 4T o

- (LEBFESHE A M (bacterial
persisters) B4
# P aeruginosa ¥ k3% % 7 LB
BHRRFITC 18 E k- &5y
A 100 pg/mL & 200 pg/mL Z CCCP
(Sigma-Aldrich, St. Louis, MA, USA) 3%
3 NEr > R4 VL1700 g 0 10 min B
L HC 950 pL B & Am N\ % & normal
saline AT - HERREFAEE
1 X 10° CFU/mL * i \ ciprofloxacin
( AR )& 2.5 ng/mL ) (Sigma-Aldrich,
St. Louis, MA, USA) * &M 37C > 3
JNEEFR 0 DL 1700 g 0 10 min B0 I
FEB - BREARREE F AN
P. aeruginosa ; V) normal saline %t i
—& (1700 g, 10 min) - #F EAT PR
78 (Viable plate count) > 3+ H 1 4
A4 % 8 (CFU/mL) °

= U EHDEEBE minimal
inhibitory concentration, MIC)
HESLEE P aeruginosa K HiR
BRFA M2 YR =
# P aeruginosa R 3 48 W ¥ A 48
Mz E%BEN3ImLLB BHRT -
¥#H37C 18N TIRFALE K
B EE 1x10° CFU/mL > ITCs %
WAETRHEEZEHRBERKET R
& # [ (1/8-2 x MIC BITC, I3C) °
% K Z M (Polystyrene) Z 96 . F

B B R I ARG

J& # (Thermo Scientific ™ Nunc ™
MicroWell ™ 96-Well) > VL LB ¥ #
BRUEAHEHERBH  PATHEHEE
ZITCs BEY LB B HEREAZ
B¥ o T EBRALR M 10 uL ITCs
BB Y K10 ul B & (1x10° CFU/
mL) £ F 3% & 37C > 24 B> B H
% R % 1# F| ELISA reader (Synergy ™
HT Multi-Mode Microplate Reader ;
BioTek * USA) % & 595 nm #4T% &
{8 (optical density ; O.D 18 ) B & o

g ~ #25E8 (survival number)

BB CCCPILEFRZHHE #
AsEMA RV EE ITCs B4 (B E
1/8-1/2 MIC BITC, I3C) = ¥ EDTA
4Bt (8 1/8-1/2 MIC BITCHEDTA,
I3C + EDTA) > Him s & &% T
(Mg?", 10 mM) Z & T ¥ %
37°C > 1 /hEetk - DIEEIE 1700 g @ B
A 10 min #% B & & > B VL normal
saline ZEi— X (1700 g, 10 min) > HX
200 pL # R EATFAREHE - 4T 4
BHREBMRE -

EE ¥R & Bk B (biofilm

formation assay)

# P aeruginosa ATCC27853 4
JI VLB % ITCs B 47 (1/4 MIC) 2 2
EDTA (1/4 MIC) & # 3% % 24 /N B
#% > LL#E d % (crystal violet) ¥ & ik
EELEYIESE > AT ITCs BB R
40t EDTA % AV BN A ARG’
PE[19] -

SRR
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7N~ ERINFIEEE (growth inhibition

assay)

BERAEARKEE 1x10°
CFUmML &R LBEHR > L iw A\
B ¥8 ITCs % #7 (1/8-1/2 MIC BITC,
13C) 2 & EDTA 4 #f (1/8-12 MIC
BITC+EDTA, I3C+EDTA) > 4 B #
37CHFH 0246824 /B
% > DA% & 600 nm B & OD {4
AT & RIVF AT

+ - #ET SR
FREREUNZAETH X

(student’s T-test) 4T P39 (E Wy Lh R -

p<005s RRHEREHEELE -

R

—  FEARERE CCCP EEME
BBz R
HTHRZCCCPHEHMEARFA

AW Bt RPIT R R E

(100 ~ 200 pg/mL) CCCP #4733 % 3

N DR EFE R ZEE A

wmih - B—FBmEREr BB

4 (% R¥ CCCP) Mt > & CCCP

(100 pg/mL) ##FE Z P aeruginosa %

HH AR E S 122 CFU/mL » &

CEHAEZNE v (p = 0.0032) ;

T $% % CCCP & & & 200 pg/mL #%

WA E AR B e E 620

CFU/mL (p = 0.0031) ; # CCCP (100

800 -
700 +
600 o
500 +
400 o

CFU/mL

300 +
200 o

100 10

620

122

CCCP (pg/mL)

100 200

BE— E2 CCCPHEEELR P aeruginosa HEIF A 4k
EREA - ISRREIEEZ P. aeruginosa BIRLAAEEE CCCP (0, 100 £ 200 pg/mL) & » £&i&
3 /\BFEIN A ciprofloxacin (2.5 pg/mL) EBRF AR FAMIERY P aeruginosa @ i LAF4R

STRURETHREIFAMMRETE - *P<0.05
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b

ng/mL) % 3 44 o 40 W 5 K 4 AR L
# > CCCP (200 pg/mL) Z & J& Fi &%
BNMEF AN - AR
(p =0.0034) » HIFRANMEE FA
M EITRE N E B TR
CCCP (200 pg/mL) #4735 3% X & o

=~ BEYSRESES

2 3% ciprofloxacin & 3% & R 2
%40 5T P. aeruginosa P& £ 2 R 8 1k
EABEY 2k - KITE CCCP #
HEH ~ % Z P aeruginosa ¥ 4 E
BY ZRZH - k— KRBT CCCP
% E A W P aeruginosa ¥ BITC »
I3C ~ PEITC VL & EDTA ) MIC % #
a8 % 2562550 VLK 25 mM ;
CCCP (200 pg/mL) #% % 4 BITC »
I3C ~ PEITC VL & EDTA # MIC % #
% 125~125~50 DL & 25 mM e ¥]
DAB 38 Bl CCCP R AT R o4 &
FAMMERZE CCCPHEZHE
MW MIC B A mAIME2B2ENT
7 # [ [20] 0 3B F ciprofloxacin &
FEhRzZEEEEE AN - B3

ﬁlﬁlﬂi?)hy?%%@j:%m & ik ATk )
ciprofloxacin B #1284

= EBERITCs UREEDTAS
¥ P aeruginosa ZEEU K
MEFAMBE S Z bR E
YIRS B A& 24
HME—FHFA LEF
BITC ~ 13C #F 2L & 2 A 4n W S0 ) &
WIEw e 1 (B=) - ShIE R &
4B EDTA - ¥ VLB # 3% Jjw BITC $#2
13C WA @ F R > £ H & BITC 1%
BERETURG—EREBELE p =
0.104) > i H ITCs 4 #f EDTA % & 4
VIR R R BB BEE WIS o At
— ¥ ¥ 3 BITC # 13C 2 318 15 A
RTHEB GBI EAEWR B - BRIV
5w Mgt R B o B T 21,
2] BRITHEAHFEES #R
Bow o B Mg* % 0 B % BITC»
I3C » BITC+EDTA b\ % I3C+EDTA
REZMEGEBNRGHLERE
(p 184 715 0.005, p = 0.008, p = 0.08
#p=0.034) (E=) By LEREY

&K— P aeruginosa R EMIEIF A MRRE ORI ZEY < REMERE (MIC)

Cccp

ITCs
(mM) Before CCCP-treated After C.CCP-tr.eated

(Bacterial persisters)
BITC 25 12.5(2)
13C 6.25 12.5(2)
PEITC 50 50 (1)
EDTA 25 25(1)
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— BITC E 13C ¥4 P, aeruginosa Z {751 WA A iR 4 RN H|

SREA : (A) 2 BILLEESE 1/4 MIC BITC ~ 1/4 MIC BITC & EDTA LUK 1/4 MIC BITC &1
EDTA hh Mg®* {EEEs#E » R FERMMEIFAMILZ P aeruginosa BE8BHE - (B) B BILLEE
1/4 MIC 13C ~ 1/4 MIC 13C &1# EDTA LUR 1/4 MIC I13C & EDTA pn Mg?* {EEE&s#8 K&
EpMEFAMBEZ P. aeruginosa B¥RBHE » 53R LA Log (CFU/mL) BB7R © (C) 2 BILLE S
1/4 MIC BITC ~ 1/4 MIC BITC &4 EDTA + 1/4 MIC 13C LAK 1/4 MIC 13C &4 EDTA EIB{E
BEEH - REIE P. aeruginosa ATCC 27853 {E&¥IERME @ iR ABHREYEER
HIFIARRE - * R R p < 0.05 -

HhEE R 113 4F 4 HEE =196 41
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PR BB R e A i 1E R R B - B
Mg* B R A E W HE
BEH—ZBE -

B A T R A SR AR E AR L
EWRNEERNZ— RIME—FK
TR ITCs Z4 (BITC, 13C) H4H
FAmMZ A ERR - 44 EDTA
REIUMBELRERR - HERT
550 > BIE{E R 1/2-1/4 MIC ITCs #

B AMMBER RIFAE A
(B=) #REDTA HWBE HER
BEZDYE o FHITCs Y (BITC,
BO) &M HEFHEEPEHEHE
FAmMzZBREER (BE=B) - &
Z 9] DAE BITC K3 H R & (sub-MIC;
12-1/4MIC) 4 B F Al 2 A W
TERBRET BT B2 AARRIUT
(B=A)-

BE= BITC £ 13C ¥} P. aeruginosa #EFAMRETH 2L

ZREA : CCCP FE&E ZiMEIF A MmAaLL (A) BITC (1/8-1/2 MIC) 8% BITC+EDTA (1/8-1/2 MIC) °
582 (B) 13C (1/8-1/2 MIC) % IBC+EDTA (1/8-1/2 MIC) B2 37°CIZERFE - 2 /\EFBIEB
PBS B ELR GG RS BREYR - ITFIRETEUEEE @ #E5RU log (CFU/mL) 887 ©
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M~ A& RGBS
#iE—FAEEERMEA BITC
DA K 13C & 4 Bt EDTA Z & T P
aeruginosa W% K 6 /7 1921 - &AM
EBATHE NWRZ A K N2 (growth
kinetic analysis) M7 47 & F Rl o %
R 885 sub-MIC (1/4 MIC) BITC VA &
13C ¥ % 0-4 Mg A LKW
HIEE A7 - 2 Ak 4E T B B 46 S 3 3 A
% (E W) > sub-MIC BITC LA K I3C

# EDTA 4 #t fy # R 8 7 BITC LA
K 13C ¥4 2 & K H) 15 F 9 28 4%
B RPIBENE 24 /W ERE
i~ P aeruginosa #H ¥ kA U B i —
FWHZH L o

& i

TEEE R P aeruginosa R % % =& B
HERRACERARARE RERE

BFY BITC E 13C ¥} P, aeruginosa 24 K34%|4E A
SREA - MEEERLL (A) BITC (1/4 MIC) 5 BITC+EDTA (1/4 MIC) 55 (B) 13C (1/4 MIC) 5%
I3C+EDTA (1/4 MIC) F* 37°CHEE& » A RIMNETE 2 EBREFREAERER 600nm 2R E » FR

LRI E + {REERER
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B MEANABHELERSEN
(cystic fibrosis) Z /& ATt B /& B & A
W R 4 P aeruginosa W L& FE R A
4R H 30% i E 70% [23]
T P. aeruginosa ¥& % B & )7 F $ 4
Y1 JiE (biofilm) & %8 H # A 48 I 0y T
B EERAMAZNMZRGH
B4 EEAMENEEY  FHa
HRAMBAA A EE RETWELNR
BW o R eEB R IGE EE T
[25,26] °

EVEEMFET  E A&l
ERRGELAVERRVREYER
HWORBHEEFZHE[7, 27] It
37 D B4 4 V] 3 T R AR A
i EEESRENEZTHTETR
ARG DR EWERERE 5
REEYWMZR 2 HmEHFAENEEE
BBk ANBEYERZHEZHEHE [7] -
HMEAUMEFE T X - KHNE
BYIREEF AN FERER  #
REAR CCCP #HE AW P aeruginosa
¥ BITC ~ I3C » PEITC L % EDTA
i MIC # R B {E fl CCCP R # % ¥
Jik W 4 ¥ A4 IR By MIC 36 4 B9 B
28 (x—) E+HBRudHim
MEHAMELEH RSN ZEERN
EFBEFERWER -

BEHF 2 M AR AR EREA
MEBERZRARAY » LRV B
YL FER o #AM W AT % 8 o1 BITC
HEBCHEHARFNMEAESE (X
—) MEHMERFRIEFEZ M
HHAmzR (B=Z) RS

BERYERARNAABE KRR LN E
T ABRRIEEYER B E KRG
MIAERREBR - HOCHEZEHZE
HRE UL B Y SRS 28] o Bl
A FEHE & (colistin) EMBEW Z E W
K2 M H % otilonium bromide (Ob) &
B colistin £ F B - K H W B JLH &%
R (synergy) * ] VL H 2% B 1K colistin
ZMICREZE2 pug/mL LT > #HRE
CLSI 2020 4 $} 7 colistin Z& H3X 5k A
# - Ob & B colistin 1% Ji =] 4 2% t &
WEMEMREWIKEZKEE H colistin
ZRZVE[29]  ET KIS W H i B
I ERR M E R TR M (9]
T EDTA B R &6 BB T1ER -
AR E R OE - e SR
Bl ERHBARENRTERS#E
% [9] - #1138 H EDTA X th 2 &
X AR ITCs Z ¥ BITC L & I3C # A\
% EE BT o B A M2 SUR BT
Mg* AR BT mE /R - &
P8 34w Mg?™ % > s H 7 B8
%2 EH (B=) "Ll H EDTA
RERAITCs WILHE R ZHEF
S E VR B o A R A
(growth inhibition assay) ] % R B »
& B 1 i sub-MIC Z BITC = 13C
% o T AR 4-6 B 2
Bl ko {8 7E 24 NEE R 4E T IR MR
¥/ - BT AR # & BITC
R I3CHE A - FRAIB R AE ¥ AE
W3 R FE E 4 i JE % (adaptation) -
RARkHFHEERETH LR ER
B A KR o {23 sub-MIC

SRR
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Z EDTA &0 % - £ 24 N 2
BAERKEMET KR ARE (E
W) - BEond EDTA Z 4 HHE i 7 LA
EHRNE E &K - 3 HARE KA
) E B 4 R BT 0 13C # BITC A #f
EDTA 44 =] 88 2 1 ) &£ W7 JEL 0 & Ak,

13C E R yLE &7 T o 5 - AR
BRI BCHHERKEREE £
EHBBERLBEERINEAEN
RERZEBMEBR [16] - HHELEN
BCALL  WMAM> % EHES
Mamud FiEREFA (B 3B) » &
P48 8 13C #A P aeruginosa % #
A EERBBFTRILIFE 2R
HmE s EREFZEAR R 0 B e
RETBCRERFEELFR A
Y4 (reactive oxygen species; ROS)
77 RORZ B H1E R [30] > EZ E &K
THERBFEMANELEZCHK I
ADEMENEYRZ®E - Fik13C
A P aeruginosa WILE B F 15 B
# o

E!‘ﬂ
AT E RA AL 110 £ &

HI11 FEEAHMRETE (110-2637-

B-242-004 #1 111-2637-B-242-001)

FoE R RAE R (KSVGH 110-022
1 KSVGH 111-045 ) R HF 4B o

ZER
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Infections caused by multidrug-resistant (MDR) bacteria pose a significant
threat to public health. Bacterial persisters, which exhibit reduced metabolic activity
and heightened resistance to antibiotics while being genetically identical to the rest
of the bacterial population, are a distinct phenotype. These persistent bacteria play
a crucial role in the recurrence of chronic infections. The study aimed to evaluate
the combined effectiveness of EDTA and ITCs in combating bacterial persisters
and preventing bacterial biofilm formation. EDTA acts as a chelating agent that
enhances the permeability of the bacterial outer membrane, while ITCs are natural
antibacterial molecules known to inhibit the growth of various pathogens. Bacterial
persisters were enriched using a chemical-induced method involving exposure to
Carbonyl cyanide m-chlorophenylhydrazone (CCCP). The susceptibility of bacteria
to antimicrobial agents was determined through minimal inhibitory concentration
(MIC) testing. The survival of bacterial persisters was evaluated by exposing them
to sub-MIC levels of ITCs with or without EDTA. The number of persistent cells of
Pseudomonas aeruginosa strain induced by CCCP was 100 times higher than that of
untreated bacteria. There was no obvious difference in MIC values of antimicrobial
compounds between CCCP-treated and untreated bacteria. However, the combined
use of sub-MIC levels of benzyl isothiocyanate (BITC) or indole-3-carbinol (I13C)
with EDTA led to a substantial reduction in the survival of persistent cells in a dose-
and time-dependent manner. These findings suggest that the combined application of
ITCs and EDTA effectively eliminated CCCP-induced bacterial persisters, offering a
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promising strategy to combat these persisters and potentially prevent the recurrence
of bacterial infections.

Key words: Multidrug resistant bacteria, isothiocyanates (ITCs), Pseudomonas
aeruginosa, outer membrane, bacterial persisters
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