_-!-_:’j‘: —].j v,

& E kK £ I HATYER B

SPIR AR WIBR & LA R X i R 5 38 {0 IRH B th RS 1R A
Wi T, A, TR, BS58, WRWSE, Thmesr

Synergistic antibacterial effects of three natural products combined with
antibiotics on Klebsiella pneumoniae
CHEN Jinyu,LIU Danyang,LAN Weiqing,ZHAO Yong,PAN Yingjie,SUN Xiaohong

TEZR IR View online: https:/doi.org/10.12024/js0u.20210303335

BT R ROGERI HA S R

Articles you may be interested in

WS R AT /K ™ ity 2 A ) v B 0 PRI
Research progress on the bacteriophage in safety control of aquatic products

R R AR 2E R 2021, 30(1): 197 https://doi.org/10.12024/js0u.20200703110

VR o CCAT IR RRAT TS HU I PNB3 Y 7 B 4 & i
Isolation, identification and safety analysis of antagonistic strain PNB3 against crab—pathogenic Citrobacter freundii

IR AR 2A ). 2021, 30(4): 653 hitps://doi.org/10.12024/js0u.20200402988

& 214 ZO0 R [ [ T BRERN DR P ) 2 )
The effect of Roxithromycin on the Activity of ERND in Cipangopaludina chinensis
R 2R R 2017, 26(3): 400 hitps:/doi.org/10.12024/j50u.20160701822

R < R PR 2 AT R AN e . M RE BRI T
Isolation, identification and probiotic properties of a Bacillus cereus strain from Golden crucian carp

IR AR, 2020, 35(6): 883 https://doi.org/10.16535/j.cnki.dlhyxb.2019-331

FURRBE IR T 2R 5 7RO 4k QA B T 1 I ) 4 i R 54 P
Synergistic inhibition and damage effects of nisin and lactic acid against pathogen Aeromonas veronii

PR R 2020, 35(6): 830 hitps://doi.org/10.16535/.cnki.dlhyxb.2019-301


http://www.aquaticjournal.com/article/doi/10.12024/jsou.20210303335
http://www.aquaticjournal.com/article/doi/10.12024/jsou.20200703110
http://www.aquaticjournal.com/article/doi/10.12024/jsou.20200402988
http://www.aquaticjournal.com/article/doi/10.12024/jsou.20160701822
http://www.aquaticjournal.com/article/doi/10.16535/j.cnki.dlhyxb.2019-331
http://www.aquaticjournal.com/article/doi/10.16535/j.cnki.dlhyxb.2019-301

. N ‘\‘ AYY AN Y
553155 2 1 W HEREER Vol.31, No.2
2022 4 3 JOURNAL OF SHANGHAI OCEAN UNIVERSITY Mar., 2022

MEHRS: 1674-5566(2022)02-0586-08 DOI:10. 12024/jsou. 20210303335

3HRAFUBREMERX AR = EHRENEHEER

ReXx, Xem, ExES, B OB, BuE, dra

(1. B reoRee i be, bifg 2013065 2. 3Rk ™ o in LR CREHOAR WS oty B 2013065 3. Rk
TR B 77 it R B o k22 A MU AP A 9230 %, g 201306)

O Ve RS AR ZOu R 5E 1 R (Klebsiella pneumoniae ) HAT B [RGB A HT R AR ™4y, R H
2 AR R I 2 o i ER AT 0T 8 AT AR 3R AR 24 1k, SR FH ol A I I A A 3R 3 B R AR Y
S/ JEE TR 20 00 R 875 2 R HERR 5 B0 A TP X Al 28 o 7 1 ER B A 70 0 1, i A
KL A INMERR S5 DA RIPT A PR R B o 25 R il 58 v (A IR X 8 Fht AR 20t 25, A %
i MIC {E 16 ~ >512 pg/mL, fE7 R ANMMMERR BA B PR TG, MIC {67350 4 25 pg/mL F1 1 875 pg/
mL, YRR TCHT R AT, MIC > 250 pug/mL; FETF 315 Sk A AR TN 5w s 2 BT il 28 5 35 17 FR e HA B Rl 9L
AR L2 AT A 3R g MIC {EREAR T 4 45, InmERR 15 8 R AT AL B RIVE A, A 3R MIC {EFER 178 ~ >
4 0964% . HUAEZ S UIMERRIG T D RIS BRI TR 5 7875 S A5, ELUN AR 5 R 1 S e i S X T

F U RERFEAM A 2> 24 ho ARHFIEE UCHRE T WIIHERR 5 0 AE 2R 150 0T 22 I 24 i 58 v 7 A1 R R R
PRI BT T, 2 W57 T 2 T W T 245 1 1) — oo 0o
KR ZEMNE; MRFCEMIRE; RA™W; SR DEEH]

PESES: RI65 XEIRER: A

Bl 22 U5 1Y R, A2 1 K B A T, A
TR il JoT 6 R 22 4 B SR B W 4 e o il R e
FIA KT ( Klebsiella pneumoniae) J&—2 ] 12 - 1E
TSGR Yk | S P 28 i R R O
W, AT IR RS X S ) Hh AR DA
i DRSS T e S T IRE S .
B, T 4 5 B A PR BRIk G 1 | A 14 5 24 LR A 23 1
TR W 7 B A BT, 2 W AR PR R T B
KIGzpe iR o Pk R IEPHa Y F 2R R 1
HEGTRH ) HE KIS AR &S
B v AR R A= 2 FE it 25 M (multidrug-
resistant, MDR) Hi2E R IR RORE 22, if &5 7
HHUAERTEAL S PR, R A, ek
B e e T AU FESEE,
g PR A YRR B0 T S A e N B 20
N e i 5 50 B 1A TR A% 20% 7, o
Bl 40 1 R 24 1 s I ) ( CHINET ) %4 26 9,

s HE: 2021-03-17 &[0 HH#A: 2021-05-25

2005—2020 4Ffifi 48 o A PGB B AR N i Jig —
AP iR T B I 25 PU A 2 I 247K 7 2 Bk
SR il 4 v TR A T X I % R T 2 2R
3. 0% HaK- 75 26. 4% , %ot 26 5 B 1 1A Tt 25 26 A
2.9% LI 28.0% ', HET, PiA BRI
I 48 v T A B L 14 1 265 0, SR T T K
RIGTA R R HME B K VBUAS &, 124 0 1k, B
I B P R X — Hbs e R s B, [N
I, P 52 B 5 MDR il 48 5 F A1 IR B 0 A e
A 2R RBP4 SO TR T 24 1 ek
K S R

KR 7= ) HAT PUAAL BT B0 B 5 R s
PR, & BA A 5 77 AR 245 1 A8 0k B A
S BRI R KRR S b A RSl
2 T D O R T 24 A R I 2 —
AT Y/ TR ) A4 A PR ) AR A 2 A Bk B R
e RERIVE 2 — S R B T A BN

ELWB: LilHBECKE 500 H (2019-02-08-00-10-F01149)
TEE®IIT: PR T (1994—) & WL A, WFE 07 o A B IRTEBUR B P45 . E-mail :jychen _xjy@ 163. com

BIS1EE . FMRELT, E-mail ; xhsun@ shou. edu. cn
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JRh A AR . MAISURIA 261V 4R T
LA AL T R 5 U KA H BESE = MDR
KRIGAT B %) DU 3R 2 AU . DHARA 251 jF5E
W] PRI 15 S PR 5 1064 0 FH RE 35 MIDR fii
%6 53 AN TG T X Sk 7w 5 i Uk, KEPA
g VRS R TN EERR S A B (R R M
ZAKAPG T ) A AT 458 MDR 4 # (0% 45 Bk
P HTAE 2 AU . T BT R TR B
5 22 T 24 T 60 A 2 i U Oy T B )
Fy L FH R

PRI, AS TR AR I T M5 48 5 76 1F ER B % 8
Rt 8 LA R T 251, 5L T 3 FR K7 H)
(FETF 2 Wil R A PR ) 5 B0 2k 2RI fi I X
Fiti ¢ v 25 117 S B 110 b [RDT TR, 5 0 o1 R 3
31k 22 T 245 i 48 5 7 11 F R %) 0 A 2R Y
FAIRTE , Jg TSR WA T D 48 9 26 A1 K P
2GR B AR A T B

1 Me5I5k

1.1 Re
L1 FE5 sk

WEAEIE B BT T AR 0 DA 22 R 0 A Tl A
b EAE T - 80 C Uk s MIMERR (462 > 98% ) |
PIEERE (Al > 99% ) A b i Adamas £ R
Ao
1.1.2 wkk

& 78 % 1A K # (K. pneumoniae 305 )
(ST405 AL, fimH* ,mrkD " ,wabG " ,emtB* ) /3
B A IR SR N A L R, AR S
PR KGR 7R (E. coli ATCC 25922) W H £ [H
PRI G, T - 80 C KA IR A7
113 EEH

A PR AR, T B A YR

AR T ook B 98 % IR\ Jo/K LT #h 1R
AEA . SR TR VKBS R AL T AR
(DMSO) | H-ilr, 5 25 46 W4k 2 150 A7 BR 2 5
Luria-Bertani P ¥ 15 3¢ 4k (LB) | % J¢ 9L B2 i
(MAC) .Mueller-Hinton F{fIg3 3535 (MHA) | It 50
Rlifr AR B AR A PR ) o
11,4 FEUE 5

ML K, &+ Mettler Toledo {3 #§ A R 2>
Al fEIRARG B FRAE , B AR A PR A R 5 B
AKEE R By IR 4, i — R R W ;5 Bio-
Tek BEHRAL, 35 E0 100 A BR 2 7] 5 e f% 728 &
A AT IR K T B, I R AR A IR D
ESCO A=Wy 4pi, il E A G A IRAF]
1.2 LAH*
121 W

Bo- 80 C Hh & b RAF B E K K
pneumoniae 305 K2k T MAC My, 37 CiFk s
I8 12 h J5 , BRI B R T LB AR SR Ak
37 ClEIR YR & 85 57 4 h 26 B0 ( ODg,,y =
0.8) . flifH]0.5 ‘53 [REALARE o A L, 4
R RHE Y 0.5 5 22 [RH 3, BV I VA Ik 3 Oy
1 x10* ~2 x10® CFU/mL,
1.2.2 HUwfb & Wi il &

5% YANG % 5k bl s AT R . B R
R TR A 5 F i 7K HTER =851 15:0. 5 (4K
FREG) $-ICAE T 21, 9K 5 3 3 B il A v o o ¢
WIE R 210 pg/mL AET R IEW, T -20 C T}
e o WMMERR | R 978 T oK Sl I
JKH R, il BS54 30 mg/mL AT 1 mg/
mL 1Rk o e SR g b R 8 Rk
e 8 Pl 2R, 143 Sl e AR R F) s R0 6 R A
S i R AR L 1,

x1 NMAERBFRORERE

Tab.1 Concentration of antibiotic solution

AR hiAR A ] B Jo i e B
Class Antibiotic Abbreviation Solvent Mass concentration/ ( mg/mlL,)
B-MNBERE DS B-Lactams S nE Ceftazidime CAZ T K 10.24
M1 Hi2E Quinolones WAV A Ciprofloxacin CIP Vi 10.24
T %2 Folate Pathway Antagonists fiff Jii H &M Sulfamethoxazole SMZ T HFEE R 10.24
g FL R 2K Nitrofurans 11§ % A Nitrofurantoin NI LR 10.24
FILBEL 2 Aminoglycosides Tk E & Clindamycin cC TCHK 10.24
KRIFHNEEZE Macrolides P55 2 Azithromycin AZM TCH 7K 10.24
25 &2 Phenicols % % Chloramphenicol CHL TJoK 21 10.24
PUFF 22 Tetracyclines JUFFZE Tetracycline TET ToK 21 10.24
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1.2.3 M 25k

Z: IR 5 [ i R 15 52 56 % R v OF 58 BT ( Clinical
and Laboratory Standards Institute, CLSI, M100-
S28 ) HfE 7 1 2 AR e B BIOEE A DU I AR K
pneumoniae 305 %§ 8 T R MM LGB o H
300 wL A& # (10° CFU/mL) B F MHA A
Je, TR T 537 A MHA AR, & 3 ~5
min Ji5 RS EUACR 250 00 BT ARG IE, 15 min
PB4, BT 37 CHEFRAE T 16 ~20 h
S I AR P A R /N, MK A CLST R s,
SE AT TR Rl B A AT L) Sk BB v A SRS T
253 2% Il HE KR E. coli ATCC 25922 {E i
PERIAR
1.2.4 /N i v 8 i 7

SR Pt P S s R I S R AR 7 ) AN
H:EZXTE AR K. pneumoniae 305 ) ¢ /N HE
(MIC) . [ 96 fLARHAINA 100 wL 1) LB {4 55
Fr3E B 100 pL BYAETH R (210 wg/mL) (WHERR
(30 mg/mL) | PYH:E (1 mg/mL) FIHTA 5K (1024
pg/mL) 73 HIIAE] 96 FLAR IS —17, R Wit
Wi BRI AT SRR I m — 17382 100 pL iR A
Mo HL100 L RS Y BB (10° CFU/mL) 4%
UOMA BN AL, F 37 CHEER TR 24 h )5,
FHAIIR WL ¢ T6 AT UL B A=, I {688 1 Tl A A0
OD g0, » 5 BIPEXT BRZH OD {i TGt 35 M 22 5 1 fL
JI 5 BRART T8 1 5 W vk R B g /) 4100 o o o 9
JE o B BH X IR A B A R R R B 77 4k )
ISP X B (5 B 2 0 TR 1k 0 1 M B
E
1.2.5  RIR™ W) 5 A RIS 0 il % ve B
18 F TR BT LRI 2

RFRLEEE S e KR S HE KA
{F X F ¥k K. pneumoniae 305 W WrFEI/ERH . 1
& LB R B IR 5L 1Y 96 fLAR R i im A O ~
1 024 pg/mL 3T AEE M0 ~ 1 875 we/mL HN
MERRER 0 ~25 pe/mL KAEH R, AT — R A
YIHG RG], BETEEAN LA 100 kL
[TV (10° CFU/mL) , F 37 °C ;3540 h s
24 ho 2% WANG 48 )y ik, iR 91205t
5B B ik 48 %k (fractional inhibitory
concentration index , FICI) SE3EAL PLAE £ Fll R 4K 7™
PG R . FICT < 0.5 WHTAE R 5 KR ™
P EA MR 0.5 < FICT < 4.0 WHtA R Y

http: //www. shhydxxb. com

KIRF=PICHI AR FICE > 4.0 BIGTERS
RIR=) BRATREHUER

F,=M.J/M, (1)
Fy=M./M, (2)
F=F, +F, (3)

K Fy PR IR 350 Fy  WITHE R 55
6T 2B 53800 F Ry o0 B i R B 45 50 M
St 2 5 O R TR A ol P B B AR 2R S v R
/MR IR FE S E AR ST RIBA M
BT R BAE T R B/ E W M, R
BB P B %) e /N TR R E 5 My Sy i R B
FACTE 2 B F T e/ N TR B A ik
B AMIMERR B CH AL E R 5 C A R SiERR
PRGBSI ER SHEFRNEGY
1.2.6  mf IR A= K 2 il 2

S LU P 175k 3 o 000 R ik i 49 gtk
A 2 PE Al o R R 5 T AR 2R KR T B K
pneumoniae 305 F) PR EVEH . 76 LB A LS
FRHEH PTG R S MERR Fn P A 2= 5 b
PR TR B, LB IR (AN LB WA 73 ) |
SAFRE A 2 mL, HU 10l X6 2500 1) 7R A8 TR
(10° CFU/mL) 23 SIHn A ] 2 mL b B2 Fixt B 2H
o BT E R PSR (37 °CL 180 r/min) 1 5% 24
h i G FRAS, BB [] 1 s ] 25 (0.2 14 .6 .8,
12.24 h) i 5& ODgy,, , 25 il 4 K il & PE AL 1 4=
2 MHERR e AL A X PR Ko preumoniae
305 A K EE N
1.2.7 B0t

Frf i g 8 & 3 K, ffi i Graph pad Prism
8. OBKFAE L, SR HI SPSS 22.0 Bk #4777 25 43 B
(One-Way ANOVA ), 25 3 LI Y M = b5 i 22
(X +SD) %R,

2 4k

2.1 Phix=EERKENZE

P T A N/ 1 7N AR N I
pneumoniae 305 %I 8 T A= R i 24515 B0 (&1 1) o
Z5RBIR, SLABMBE (CAZ) NP A (CIP) (i
Jiie F SR s (SMIZ ) | ik PR % PR (NT) | e AR g R
(CC) BrarE R (AZM) (%5 % (CHL) AP0 FR R
(TET) 40 i Bl H A 5390 9 (13.5 £ 1.3) mm,
(13.5£2.2) mm . (1.5+£0.5) mm (13.2£1.3)
mm.(3.0+2.0) mm,(23.5+1.3) mm. (3.2 %
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0.8) mm F1(2.8 £0.8) mm, Z5HEFEHH . Htk K.
pneumoniae 305 % 8 Mot A= R it 2Yj , & 2 H i
R, AN, iRk K. pneumoniae 305 X} SMZ
CC.CHL 1 TET 5g 421 25, S BUX L hi A R INIA
JrRCR A

25 %

20
15

10

U=l ldlms

0 CAZ CIP SMZ NI CC AZM CHL TET
PLAER Antibiotics

1 R EBKE 305 B ik

Fig.1 Drug resistance spectrum of

ME B EA Diameter/mm

Klebsiella pneumoniae 305

2.2 HEHEYXEARESEAKEN MIC E
CIP NI 1 CC X} # ¥k K. pneumoniae 305 1
MIC {E43 5% 16 128 1256 pg/mL, CAZ SMZ,
AZM .CHL F1 TET {15 MIC ({45755 F 512 we/mL.
SR A E 45 ] — 3, CAZ SMZ (AZM |
CHL A1 TET JU-F-AS BA BT 6 1, B L AEAR &
MU BE Tt JCiE M il Ak K. pneumoniae 305 1)
A, BT R IIMMERR AP R 1) MIC {5 5371k
25 pg/mL 1 875 pg/mL Fl >250 wg/mL, %55
FKHLTE 3 FRAR Y b, AL RNk K
pneumoniae 305 AR BCR AR, WIMERRIKZ N,

B WA B A PR (MIC (B C 8 b Hof R
fREE) , WL 2,
2.3 EEENAERRSGERAMMAREERERK
B EHEEA

KB R VE W50 WA o R i AT R 5L
ARG X TR K. preumoniae 305 (13 (]
PURAVEH, 2R WE 3, EHF RS CAZ F1 CC Bk
FHB FICI{H A 0.375(FICI < 0.5) , A WrE Pt
WYEM . £ R AEH CAZ 1 CC 1) MIC {HF#(K 4
1%, 348590 T W FR K. pneumoniae 305 XfiX 2 FhHie
RIS, BT R 5 HAb 6 Mtk KRBT
FICI{H >}/ 1.125 ~3.000(0.5 < FICI < 4) , 31
PETT 2R 5 HA 6 Fhi A R Z A FEAE DR FIEH]
2.4 MHBERERREERMMARERK
B EREEA

SIPATV R SR %) WA P R 5 A R T T X
FAR K. pneumoniae 305 B4 W3 [R1 T 7E T 45 5 0
4 . MMHERR S 8 iR RIK G By FICT
{H 7 0.375 ~0.500(FICI < 0.5) , ¥y B thFEH
EYEH . WL gt CAZ  SMZ . CC ., AZM , CHL
A TET () MIC {5 Z/DREAK 4 096 i, & 82m T
FEkk K. pneumoniae 305 XX 6 Fif A= 25 1Y ek
PRI . BARUIMERR 5 CIP A1 NT 2Z [a] 4 Bl [ 1
A HARRRX 2 ik &R 1) MIC {EFEAL 8
T 4 R R W, o mE R RE 2 1Y 0k W Ak K
pneumoniae 305 XF BT H 8 Fe 2k Z A UM
WERR 5 A6 T R A S P A R Z R R B R T e
VRIS 1235, W] DR B el i A R i e T R

2 FEAEMLEW AT EEEE 305 g MIC

Tab.2 MIC values of different antibacterial compounds against Klebsiella pneumoniae 305

AP Class

L4424 FR Antibacterial compounds

FR/ME R MIC/ (pg/mL)

KAABIE (CAZ) >512
AN B (CIP) 16
it JHie FP Tk (SMIZ) >512
N _— W2 P (NI 128
$Hi4E Z Antibiotics T )56
Wi 2355 22 (AZM) >512
AR F(CHL) >512
PYIFZE (TET) >512
WMHERR (CA) 1875
KR Natural products 167 2 (ANT) 25
A HEE (CIN) >250

http: //www. shhydxxb. com
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*3 UFREMEERAERAXMHRREEEKE 305 i EIER
Tab.3 Synergistic effect of anthocyanins in combination with
antibiotics on Klebsiella pneumoniae 305

A E WRE PUAER MIC FRMRE%L R e B R AHEAEH

Chequerboard Mass concentration/ ( pg/mL)  Fold reduced of antibiotics FICI Inference
CAZ/ANT 128/3.125 4 0.375 S
CIP/ANT 32/3.125 - 2.125 A
SMZ/ANT 512/3.125 - 1.125 A
NI/ANT 128/25 - 2.000 A
CC/ANT 64/3.125 4 0.375 S
AZM/ANT 512/50 - 3.000 A
CHL/ANT 512/6.25 - 1.250 A
TET/ANT 512/3.125 - 1.125 A

TE:CAZ. SKAUABIE; CIP. BRIV A5 SMZ. BRI HHS w5 NI BRI 22 K5

ANT. BT %5 S. pAEAT; A B

CC. Jithas 2 ; AZM. P % CHL. J&m %; TET. PUIE;

Notes; CAZ. Ceftazidime; CIP. Ciprofloxacin; SMZ. Sulfamethoxazole; NI. Nitrofurantoin; CC. Clindamycin; AZM. Azithromycin; CHL.
Chloramphenicol; TET. Tetracycline; ANT. Anthocyanin; S. Synergistic; A. Additive.

F4 MHEEE S HERERAFE AR SR KE 305 MhEIER
Tab.4 Synergistic effect of caffeic acid in combination with
antibiotics on Klebsiella pneumoniae 305

RAEE WL P # MIC ARG T34 i e A HEAEH]

Chequerboard Mass concentration/ ( ug/mL)  Fold reduced of antibiotics FICI Inference
CAZ/CA <0.125/937.5 >4 096 0.500 S
CIP/CA 2/468.75 8 0.375 S
SMZ/CA <0.125/937.5 >4 096 0.500 S
NI/CA 16/468.75 8 0.375 S
CC/CA 0.0625/937.5 4 096 0.500 S
AZM/CA <0.125/937.5 >4 096 0.500 S
CHL/CA <0.125/937.5 >4 096 0.500 S
TET/CA <0.125/937.5 >4 096 0.500 S

TE:CAZ. SKAfIE; CIP. BRPY VD SMZ. Rl M NL kg 2 ] CC. ek 3 AZM. fl #7855 CHL. & K TET. UK

ANT. BT 25 S. DpAEAT; AL TTAEAEAL

Notes; CAZ. Ceftazidime; CIP. Ciprofloxacin; SMZ. Sulfamethoxazole; NI. Nitrofurantoin; CC. Clindamycin; AZM. Azithromycin; CHL.
Chloramphenicol ; TET. Tetracycline; ANT. Anthocyanin; S. Synergistic; A. Additive.

2.5 MHBESRERBRESERNMEREMER
HEKBEMm

STV A W B e R AR 2K LA R R
PiAERIR G WA MR K. pneumoniae 305 1 4E 1
FI R IR 45 AN & 2 frzs ., SMZ (1/256 MIC) Al
CHL(1/256 MIC ) 4bBHAH 1) A K il 48 5 06 B2 A
o, TCiEAN A Ak K. pneumoniae 305 fAEK . H
172 MIC o ME fR 4b P A9 52 58 4 X B B K
pneumoniae 305 FANHIVE R4S , 76/ 2 h "] LA
IR, Z E AR B3 2, mieERR (1/2
MIC) 5 SMZ(1/256 MIC) il CHL(1/256 MIC ) Bt
BAd HRE B T HI R BE K. pneumoniae 305 A4,
PRI RREE 24 ho

3 it

RFLRIE IR 8 | A ) 2 A
M2, (ER Tl 2 e 35 1A FR R A7 7, 1

http: //www. shhydxxb. com

A= FUIR ARG B F T i, T ER R AR Y 7
FBT L, BHAS A3k B a7 b i & e, U N\ 2 fik
FEY A T B A 4 TR AN SRR, K
WA P A 2 s 1 il 4% 5 7 A QR 2
i 245 1 1) 5 % RN R R, S P AR RIR YT BUR A
e, A FL A B T T R 2 T i g
SERAIREXS 8 KHiA R 74 1 1% 2544, 5
XIBERES (SMZ) (2 HEBE 28 (CC) (AEH R K
(CHL) FIPUPF 2 26 (TET) 58 21 2,4 Fhai kR
I AR 1.5 ~3.2 mm, MIC {f >512 pg/
mLo 5 IEfEAE T A5G I i 6 v 2 A1 EC B A i 24
PRI A0, TR PR KT B- PN It B 288 Tk e 25 R 3R
BRISAF L) F I ™ F N 24, 28R PO AR Sk Atk
%%ﬂﬁ;ﬁﬂ%ﬁ&%ﬁﬁﬁﬂl%ﬁ«éﬁo ~13 mm, i

9 v T AA EQBA A TN 250 H 25 0 2, 5 800 4 508
1A QTR 36 2R 2 R RAIG, B Ab, it 24 14 7
SRRV N T Z AL R S A AL, B aa 1)



24 Wrax ., 45 23 R R IR WK AR 20 il 58 v o A DS 9 PRI 4 591

o PR 2 A RN i A ) A TR T 24 1 Y R JE,
1.2
- Xt Control
1.0 -=— TR FA B SMZ (1/256 MIC)
0.8 - S EE CHL(1/256 MIC)
E .
88 —— INHEES Caffeic acid(1/2 MIC)
ﬁ o6 _ TERREEM SMZ(1/256 MIC) +
& MMHEBRCA (1/2 MIC)
0.4 . SEFCHL (1/256 MIC)+
MHERSCA (1/2 MIC)
0.2
L
% 4 8 12 16 20 24

Ff1& Time/h

2 UNMEERFNHL A R XA R T B KE 305 £ KAFNT

Fig.2 Effects of caffeic acid and antibiotics on the growth of Kiebsiella pneumoniae 305

KR 5 P0 A 22 B A (01 FH 2 A R A48 T T
PRI A R e . BRIk A S Ak &
WIAR HCBA T AT B 2, B Y R B
WA 5P Z 0 6 MDR 250 1 B4 52 1
[T RV FH , 83 o R 3 R AR e o1 24 9 1) i
FA R P A RS, E R AR
$EiE MDR JR I o BT AT 4 R A 2 (FDK R
B EHIEE R NN R RR 2% B ) A AR
I 4 i R MIC (K4 ~ 128 £, T
WAL 5E MDR KA FF i 0 2 Rk 5
TBERG FFR VD AL ) (BRI B 2 Rl A 1
MIC {HFEAE 2 ~ 1 024 57 AHF5E b, & Y
b AR A R E BB RS Y, R i
FEAR LA 2 9 MIC {1 D i 8 o 76 11 EG 11 A1 Tt
Zitk. 167 R AEF CAZ A1 CC 1y MIC {H k> 4
5 UNHERR RERS 8 Rl 2R i MIC {EFAAK 8 ~ >
4 0961%, VAZQUEZ-UCHA %" ffF 5% i B & K
W15 2B 2 MDR it 46 5 7 4 [C BT it 24
PRI VB VE RN 42 B, T RS 22 K T 26 1 MIC
{EFRAR 8 ~ 128 i, B R S unmERRIK % MDR
Jiti ¢ v B A1 G A B R B0 ORI AR TS
R R E . X AT A B
WERR/E AR AL A ) HAS SN 1, RE % 14508 20 1
ZH ISR S P, 3 S B A R B AR, I MDR
it 98 v A EQ AT A A AT e, DT S 25 34 o
MDR fili %8 7 7517 FG B o oA & o™ .

I, W ME R A BT & Sl MDR fili 4 5 B A0 EC T A
BTGNS BUAE RIS TRCR 9T )

Lk LT W57 VR BEA AT I 4% 5
FRBR TR 25 18 , 9 /0 BT A 3R 0 felE FH AN B B, 215
RFLIR A Y B IR BT R B AT S ROk
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Synergistic antibacterial effects of three natural products combined with
antibiotics on Klebsiella pneumoniae

CHEN Jinyu', LIU Danyang', LAN Weiqing'”, ZHAO Yong'*”, PAN Yingjie'>, SUN Xiaohong'*"
(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai
Engineering Research Center of Aquatic-Product Processing & Preservation, Shanghai 201306, China; 3. Laboratory of Quality

& Safety Risk Assessment for Aquatic Products on Storage and Preservation, Ministry of Agriculture and Rural Affairs, Shanghai
201306, China)

Abstract; This study screened out the natural products that have synergistic antibacterial effects on strain
Klebsiella pneumoniae when combined with antibiotics. The K-B method was used to determine the drug
resistance of strain K. pneumoniae to eight types of antibiotics. The broth dilution method was used to
determine minimal inhibitory concentrations ( MICs) of antibiotics and three types of natural products.
Checkerboard method was used to determine the synergistic antibacterial activities of antibiotics in combination
with anthocyanins or caffeic acid against strain K. pneumoniae. The synergistic bacteriostatic effect of the
combination of caffeic acid (CA) and antibiotics was evaluated by time-dependent killing curve. The results
showed that; The strain K. pneumoniae was resistant to eight types of antibiotics, and completely resistant to
sulfamethoxazole (SMZ) , clindamycin, chloramphenicol ( CHL) and tetracycline; The MICs of antibiotics
ranged from 16 pg/mL to >512 pg/mL; The MICs of anthocyanins and CA were 25 pg/mL and 1 875 pg/
mL respectively, which exhibited great antibacterial activities on strain K. pneumoniae, and the MIC of
cinnamaldehyde was > 250 pg/mL, which had no antibacterial effect against strain K. pneumoniae, and
anthocyanins enhanced the susceptibility of strain K. pneumoniae to ceftazidime and CHL by reducing 4-fold
of the MICs of two antibiotics; CA synergistically enhanced strain K. pneumoniae susceptibility to 8 kinds of
antibiotics, and the MICs of antibiotics decreased by 8 ~ >4 096 times; It is obvious that the synergistic
effect of the combination of caffeic acid with antibiotics is better than that of anthocyanins in combination with
antibiotics, and furthermore, CA in combination with SMZ or CHL could inhibit bacteria for at least 24 h.
This study for the first time reported that the combination of CA with antibiotics had a significant synergistic
antibacterial effect on multidrug resistant strain K. pneumoniae, and showed that combination therapy was an
effective strategy to reduce the drug resistance of pathogens.
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