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[# E] HitHEFE (Artesunate, ARS) BRI & M R 5 s K% H 90 4 R EKA XTI R
% K Jfi 4% W ( Escherichia coli, E. coli) BiAEFI 2R, RAME N A FBEZNE ARS 5§ 7 M4 £ R4
B3t 6 ARl K 2% E. coli BB M ; K F AL A A B3R 0l £ ARS 2081 5 7 M3 & B A XTI 24 E. coli
by 4 A0 H WK B (fractional inhibitory concentration, FIC) , | % Bk &40 8 % 5 ; % 8 F M7 3L 30 =2
ARS AL B A ZMHEEGCH TN, 2RED &, £MEH ARS TH R WHEH , €Y% ARS=
512 pe/mL B, G402 ZB A T B F B IRT4E E MIC{E, £ R E £ FIC #5 h 0.6, F I 4 41
YR A, EAFUH 25 FIC 482035 /N T 0.5, R A th B B, # F 512 pg/mL 47 1024 pg/mL ARS #T
WEMGE coli REWmEEZMEHZNNEEAAR, FRXA ARSAGFEHIEER, B,
FNRIFAE LR S ERTEZR di A 0T E. coli WL E R, T ARS T4 2 4 R 3 4
ZHBHEHARAR,
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Abstract: The antibacterial activity of artesunate ( ARS) in wvitro and its effect on clinical drug — resistant
Escherichia coli (E. coli) in combination with antibiotics were investigated. The sensitivity of ARS and 7

antibiotics to 6 clinical isolates of E. coli were determined by micro — broth dilution method. The fractional
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inhibitory concentration (FIC) of ARS combining with 7 antibiotics against resistant E. coli was determined by
checkerboard dilution method. The plate perforation method was used to study the effect of ARS pretreatment on
the diameter of antibiotic inhibition zone. ARS had no obvious antibacterial effect when used alone. However,
when combined with antibiotics, ARS ( =512 pg/mL) could significantly reduce the MIC value of antibiotics.
The FIC indexes of 6 antibiotics were all less than 0.5 except for streptomycin, showing synergistic effects. In
addition, pretreatment by 512 wg/ml and 1024 pg/ml. ARS increased the inhibition zone diameter of both

streptomycin and colistin against resistant E. coli, with no effects to other tested antibiotics. Taken together, ARS

has no inherent antibacterial activity, but it can significantly enhance the antibacterial effect of antibiotics against

drug — resistant E. coli.
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S, LR TR R T Sh W) A% Qe , fe i 3h ¥ A=
T A vy e e A AR A5 D T R 5 T AR H
PUA R A BT, £ 20, S B0 T 25
ANW R TR A SR BOR I M N T S 3 R A
BT AR R 245 1, OF Hh B — 1 24 K R Oy 22 T
2t ZEM LG AR 2 5 RYUE R R IR
G208 Z I F JE H 4 ., JF e B E0c 2y nl 1Y
“IEPUAE R SO 25T, R, iR T4
NI B TR A% R i DR 25 1) J 2 VA BB A
RSO, Wi 24 1 n] AR 25 B0 25 5 R IR
PRP R BN LA P R TIAYT . DR R
5 ZR AT LE W) T 8 BE M (artesunate, ARS) B T A
APUENE RIS, X Tl R H UL B0 a0 K R A
W ( Escherichia coli, E. coli) 485082 BRE iR
PG S5 R TR TR — @ RORY T TR SRR
JY AT BT R A 2% e o L T T Sk A8 2 T A R 1Y BOR
P (R EAT ARS SHiE RS M Y W58
PO R ABIFFE 40038 5 PR 70 s A - I T L7
Kl ARS B EIR-S HUAE R & B UG K 7 1 E.
coli TH 2GR EYMRSMIEIEOR , LAY ARS #91lm PRAE
M=%

1 ##
L1 EZKA
A, H R >97% ;

ARS Wy B B AR 25 i i A IR
PUERW A LS E AR

BN ], A 45 B K & 2 (amikacin, AMK) 4 55 &
(streptomycin, STR) AP A ( ciprofloxacin, CIP) |
3k 71 88 5 ( cefotaxime, CTX ) | A5 B & ( colistin,
COL) .+ %5 % (terramycin, TER ) FI1Z2 F§ 3 £ ( doxy-
cycline, DOX) ; 4l & 55 77 2L 04 T35 5 = B el v 1
FHEA PR F (F B A O E ARG R A F) o
1.2 RBEEHREEFRHNE WRISIEEFRE
E. coli MCO2 . AHM5C23 . SHPP23 - 3  AHCH24 -
1T SNJ23 [SHPP41, th47 M K27 sh ) B2 Bt £ = 21 1
AR FRUERE R E. coli ATCC25922 HAS SEIG %
TRAF

W E. coli ZMHIFHE IR F% 2 ~3 M, Phik ot
YRR T LB 5383, BT 37 CH M b3
FEXHUE R,
1.3 ARS By RWH & 460 mg ARSI T 1
mL 5% BRIR Z AR I R IR 5145 o RS B AR AL
A FR FHAS FRE I B 92 P - Bt AR 3R T vk B2 oy
5120 pe/mL MIREEASH
2 HF &
2.1 ®mAMERE
tion, MIC) By Il & Z: BRI R RN S 36 =5 A o Pp 2%
(Clinical and Laboratory Standards Institute , CLSI) &
AT HIBRIE(M100, 2017 ) , R F R A U0 i 12000 s
KIGATFHEXT ARS LL & 10 Fhfi b 2 i sk, 78
96 fLA X 52 2 W) R AT M 2 AR R JF
FRESFITTIY MH R 8 15 57 X EUE K
E. colif® 59 1.0 x 10° CFU/mL, Bl 5 45 42 31

J& ( Minimum inhibitory concentra-
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EH LN 96 FLARk T, E 37 CTFWEE 16 ~20
h JEEEHEE R, BT R MRE T E. coli ATCC 25922
FRUER R, T DA 208G R B 7 B A
2.2 MAZFLH ARS KA HHRE RHRHH
FMREE D E ARS 73955 AMK |, STR, CIP, CTX
COL.TER ,DOX 7 A= I A B 9 43 G0 11 Wk B
(fractional inhibitory concentration, FIC) ,

R Al T 0 A5 14 43 ol 245 %t B R R R ) MIC
¥ ARS 5 H At B Az 2243 50 FH 85 88 08 1 19 JC A
MH W TE 96 FLAR 4% LA Bl 2 MIC 1 MIC,
1/2 MIC .1/4 MIC .1/8 MIC .1/16 MIC, B J5 ¥ 55 5%
ZXEA I E. coli FiFEHR 2.0 x 10°CFU/mL Jf
BEFP R & A 251 96 FLAR LR 200 pL,
PATCEE MH R VE N 1% BE N5 245 0 ) 7 e T
WAE R BHPE T RE 7E 37 CHE M E 16 ~20 h
Je SRS B DATCHN B A 1 1 S AR 24 1 vk 2 Sy 3k
MIC, it A FIC 358k, o i KW ARS 5 H:
fbiA: 2B B AR

FIC 8%k = (W 248 MIC/H 25 5 MIC)
+ (ZZ5HE MIC/ Z 25 501 MIC) | FIC $8 5002
ZERUNT . FIC $5%0=<0.5 W}, B2y A PpFIAER ;0. 5
<FIC #5501 B, W25 AHINYE T 51 < FIC $8%i <
4 W, B2 J0 A FIC 45 %k > 4 mF, P25 4%
FERY,
2.3 ARSH#iAEZWMEHEEAEY WAL

2.3.1 E.coli A2 MAERKEXMNEAKBIN E.
coli BERAYHIERN 25 512,256 128 pg/ml. ARS [
10 mL MH R, 4H 29K 1 x 10° CFU/mL, Jf:
BWE A ARS 125 FA R4, T 200 v/min, 37 °C
FE IR RE 3% B8 28 X 85008 K S A7 40 A R
R P

2.3.2 413k A B A KA A A
FR MR 5 x 10° CFU/mL J& , T HL 200 wL
TEE] MH ZERE P I 350 % A0 HEAR N 4 mm
TR AT L TR AT LS AP = 4
CLSI brdfi, PiAEE T H W T AMK 30 pg, STE 10
pg,CIP 5 pg, CTX 30 wg, COL 10 pg, TER 30 pg,
DOX 30 pg, 37 °C #3516 ~ 18 h J& , ffi HiEbr F
SR R B B A RN

2.4 Zit4aAH RH GraphPad Prism 6 #4584
VTR R 5 253071 (one — way ANOVA) | i T4
SR80 £ bR 2" Rom, P < 0. 05 1E 4[] 2=
S E TR, IR E S =R b
3 ZERE55H

3.1 #iE %5 ARS B MIC  ARS 5 7 Fd: Zxt
6 FRIf K2 B E. coli 1) MIC ZE R ILF 1, 45 %
W, B R 2 i R ARG R 7 R A R 2D
WIFPTE 2, Horh E. coli MCO2 F1 E. coli AHM5C23 X
5L bR R, 534, ARS BBl FHAET 5120
pe/mL A BUHEIER

F1 HEERES ARS X 6 #IE K5 E. coli ¥ MIC
Tab1 MICs ( pg/mL) of different antibiotics for 6 clinical E. coli isolates.

A% - MIC/(pg - mL™")

E. coli TR AMK STR cIp CTX COL TER DOX ARS
MC02 X 256 ® 32 4R >512R8 2 512" 3R >5120
AHMS5C23 X >512R 16 gt >512R 2 512" 16" >5120
SHPP23 -3 W 2 >512 0.5 1 4 1 32K >5120
AHCH24 - 1T X >512% >512 0.5 1 16 32k 32" >5120
SNJ23 W 4 128 1 0.5 2 5128 16" >5120
SHPP41 W 4 128 2 >5121 8 1 1 >5120
ATCC25922 4 4 <0.015625 8 0.5 4 0.5 >5120

JEFR“R” FRTMZ . AMK. U, MIC < 16 pg/mL 25 MIC > 64 pg/mL;CIP 8 MIC <1 pg/mL FIfifz§ MIC > 4 pg/mL; CTX;
U MIC <1 pwg/ml FIMHZE MIC > 4 pg/mL;COL U, MIC < 2 pg/mL FiH24 MIC > 4 pg/mL; TER U, MIC <4 pg/mL {25 MIC
> 16 wg/mL;DOX: fUR , MIC< 4 pwg/mL FITi24 MIC > 16 wg/mL;STR i JC MIC f#BébrifE (CLSI, 2017)
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“R” means resistance. AMK: Susceptible, MIC < 16 pg/mL and resistant MIC > 64 pg/mL; CIP: Susceptible, MIC <
pg/mL and resistant MIC > 4 pg/mL; COL: Susceptible,

MIC > 4 pg/mL; CTX: Susceptible,
> 6 pg/mL; TER: Susceptible,
wg/mL; breakpoints of STR is not defined ( CLSI, 2017).

MIC <1

3.2 A EL ARS Wb EIEA AR S BRI
PRAY B Rk E. coli MCO2 F1 E. coli AHMS5C23 Tif 25
P K ARS 430 SR RERA T,
2 Mz 3 al WL, HiA= K5 ARS B Jm , MIC (&
BE ARS WREERIIN S FREEH, 24 ARS 4 512 pg/mL
F,7 s K435 ARS BRHIXT E. coli MCO2 Y
FIC $88059/NT 0.5, RN PR EIVE T . X TE. coli
AHMS5C23, % STR 5 ARS B (1) FIC #8%0M 0. 6,
TR AINVE AN, Hodr 6 Rz ik b/l £ 5 ARS B
FH 2 IR O [R50

£2 HMLEEHS ARS i E. coli MCO2 BIERZRE

Tab 2 Results of antibiotics in combination

with ARS for E. coli MC02.
ARS KRR EEI LA 1)

A
% MIC/ (g + mL™") sfic o
- UL
ARS ¥J¥/ (g - mL™")
0 64 128 256 512
AMK 256 512 256 128 32 0.225 I
STR 32 16 16 16 8 0.35 il
cIP 32 32 16 16 8 0.35 Gl
CTX >512 512 512 64 16 0.13125 A
COL 2 2 1 0.5 0.125 0.1625 WA
TER 512 512 256 256 64 0.225 il
DOX 32 16 4 4 2 0.1625 PipIF]
A
50 mm CON
g ARS 1024pg/mL
= £ ' mm ARS 512pg/mlL
5 gm QC
v :
<220
=
= 5
é10
’ >
RN v
FL&S ST
E.coli MCO2
E1
MEEERE;CON:%
Fig 1

MIC < 4 pg/mL and resistant MIC > 16 pg/mL; DOX: Susceptible,

The diameter of

1 pg/mL and resistant
MIC =< 2 pg/mL and resistant MIC
MIC < 4 pg/mL and resistant MIC > 16

*R3 ARS BREHIEZEBE. coli AHM5C23 HMERAR

Tab 3 Results of antibiotics in combination

with ARS for E. coli AHM5C23
ARS AR R HTA R K

o ~ -1 H’XA
i ® MIC/(pg - mL™") SFIC

ARS ¥J%/ (g - mL~") R

0 64 128 256 512

AMK  >512 512 256 128 32 0.1625 1}l
STR 16 16 16 16 8 0.6 A
cIp 64 64 16 16 8 0.225 Bl
CTX >512 512 512 64 16 0.13125 [
COL 2 1 1 0.5 0.25 0.225 G
TER 512 512 256 256 32 0.1625 A
DOX 16 16 2 2 0.5 0.13125  fhF

3.3 ARS 3 ndii & £ 3l K24 E. coli 8947 B

HAE XFTFMey E. coli MCO2 F1 E. coli AHMS5C23,

ARS Xtk ZMEE B 45 R an & 1 s W

91024 wg/mL (1) ARS BEGEHS K STR 5 COL (141

H R B A% ARS ¥R M 512 pg/mL B COL XFE. coli

AHMS5C23 F1 STR X} E. coli MCO2 f) 110 1 &l 14 in
HAR TR R I TE R A 2 s

g ARS 1024pg/mL
E4O 1 ' mm ARS 512pg/mL
S 30 QC
220
e
E
2 10
=
0

Q\
FSSFFEE

E.coli AHM5C23

ARS MHAEZEBEZRMZN(A. JLEEIT E. coli MC02 I E B E2R; B. HI4EZEXTE. coli AHM5C23
Z= AXTER4H ( Control) ; QC; J&i#E ( Quality control) ;

The Effect of ARS on the diameter of antibiotics inhibition zone( A. The diameter of inhibition zone for E. coli

* P <0.05 vs control)

MCO02. B. The diameter of inhibition zone for E. coli AHM5C23. CON:Control, QC:Quality control, * P <0.05 vs control )
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PUAE R o2 <20 H 2 B 24 S0 i A Rk
Z—" ABW Tz R L O S {0, 4H R it
2l ] Rk A e Y B8 R g A i R 2R
FEAE VRIS () LI R R 22— e 25 1
H BURYE E. coli VE R X IR 1635 Fe K I AT =2
— LT 24 [r) R — RS AN T 25 TR AR |
S () SR YLV E G SR S X A, 5 BT A 2R AR X410 i Tif
PRI AR H R R & IRYTHMERE R BOER
e, P H S N2 A A5 A RN F R A 1
JRUST ) E S R B 24 0 A I R DR R TR O,
R 22 (AT 93 2 38 T B H S S o T 24 TR R A
AL A5 AT B e R0 TR 245 W 1 SO | e A
M P55l T2 & A 2R RO BT T,
G RHE PR E SR EZ T 2B 2
B R LAY BT, A T 2 2 B
(IE X LE 2 3 A it 24 1 B VR T 5T 5 R R K
PRER, W IR R Z — TEARR T, &
I ARS BEXG N2 Fh 4T A 2260 T 25 K AT 1T %) A%
Pk, BA B E PRI, ARS & —FE A i &
wRATEY, BT EA BENPUEERS, B9k
R At 24 BRIE P anpe A AR R L BT R TA PR
ZEUST BRI, 6T ARS MBI TG PR DL RCBRA T 2
THRRETIAZ WL, A5 % &= T 5T ARS
M RIS HeA: B B RSP RO . 45 R Kk
B, ARS X 7S Bk 32 1l R 70 B Bk Y MIC 2K T
5120 pg/mL, #E78 ARS HVE BN A 0 R AE
LR RS S RGN 2l Wik b 2
K259 E. coli MCO2 Fl E. coli AHM5C23, #47
AN SIS . 25 REW] ARS 5 7 Mhi: R
O3 B B B A2 R Y MIC AT RAFEAR 2 ~ 32 fi5 LA
L3R ARS SR R E A FEAE, 8
g B S AT AR 3R 0y, SR AR S bt v 39 28001 il
A S b R R S i 25 A 2
S, {HHETAT ARS B3 GOHLHADAS B0, 75 45 5 1k
PSS, FR 404 T e 7R AR T i — 20 WIH ARS
R 1S SO L) B FCR A5 0 A 3 X ik 24 K #7413 1Y)
YERIZR . Feng S80F58 & B 20 mg/kg ARS HI T2

IR DG 4 A BRURSE TR R AT S8 % A 1 R, L
A PR EEE S T DU, B SR ARS RSN
TR T R FE RS B AR v B AR B A R IE R AT
b T AL A B AE R IR T ARS B9 0 & A5
BHEMHE,

B A 25 i 58 ARS (97 R0 JE 512
pg/ml & H 2 5 1024 pg/mlL FALE F R 2
E. coli , i i AR R Halb AT 25 B0 56, AR &
L MIC (B A SO PRI, SR F AP LT L WA 40 A
Z X ARS FAL BT E. coli 1A 8 BRI AR IMAE AL,
& BLPIAL S AL BERE K STR Al COL Xt E. coli R4
PRI P AR, FLRE B/ A AN B2 ARS 540 2E 2 [ B
R . R, ARS 54 KR & h
WFR N HIE 53X A ARS B 25 (45 TR 25 3L
BT ) TE AN TR A 400K A B 5 AR PR S Rt T
2%,

SEW
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