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Abstract: With the increase of antimicrobial drugs use, the resistance of Enterobacteriaceae is becoming more and more serious, and
the available antimicrobial drugs will be less and less. Due to its wide range of action, natural drugs have little toxic side effects.
Nowadays, it has attracted much attention in anti-infection research, and natural drug active component is the material basis for its
pharmacological action. In this paper, the effect and mechanism of natural drug active components on Enterobacteriaceae in recent
years were reviewed, so as to provide reference for the screening and development of antibacterial drugs.

Key words: natural drug active component; Enterobacteriaceae; antimicrobial drug; drug resistance; mechanism; research progress

Wk R 2 AR TS, 2GR Fi
LR EUR B, TR HE ARG PRI GE
JRGY WA PRAE G TE IR GLAE N ) & PR . BEE DA
ZIRITIZ NI, AT BERE A B R I 2 2 SR
Tt ZEMZRRGFFERE . 2% 70 H 1 O
YL, MANATTIRE IR S5 IR R s AP E 24
TN 24 R A E AWK . [IBGL 10 45 CHINET 4
I 4 B it 24 M U 25 SR v LA B, 06T A R

WS BEA: 2020-12-24

T 24 0 AR f) 0 L PR 1 e B 3 B- PN B
B (ESBLs) )Ml #4 ¥ 28 X i ik 7 2 s S AT
(CRE) MM, AT WLOXHR 7 B 445 5% 25 WD it 243 1) W
F R RH A B A, HH 38 IE S PR BT H R
Z M 25 R PO RR RO A A B =, A
IEIZE D N T a ] “ R PR M, [H
U3 3R 2 A e R TR 2990 N 24 T AT FT AR

FIREGYINE T T (R A5 S PR 22 R G E 22

HETH: EEAMRPEREEE LHE (81670637); |7 MM AR L HHRITIH (202002030419); 7 hnid B Z A ki s

(201905010004

1EHRET: RIEW, B, EEAEDNFESHTAYEL L. E-mail: zhapey@gmail.com

*EEEE: ¥ & E-mail: pl_206@126.com



<404 - E36HEFE 2 202142 H

AR b A

Drugs & Clinic \ol. 36 No. 2 February 2021

HRRFR Ty, BHSTRE BT BIE /NSRS R
ML AN RS . BISTRIRGIHG Z 4%,
LGP E LA, ABCT RIRGE UG Tr
T R FE R TT AR, 1 RIRZG W AN R
R RUK Iy, LA B (TR
R, HAT SO 230 IE . FER B R R,
NI, AR SO AR R IR 54 BARIS AT v R
IR A P A A AL AT 2R3
1 HEmAEREEIE T

TR, R S IEOAR K R AN, A
AT RS B I AR 245 ) B mT DA 2 4 i e F) e 35
PE, ATIHIHI A0 A K. Lou 5P 78 K B4k
] A SRAGE B IR MRS &, R Al
PR EIENE, AR RBE AL K IR E
RS A BN, SRR SET . REEREE K
M JE, L A ] B AR A A 2
S AR 7 B . AR AR SR WA, HEA
FEREWR L, BRI 2, 0 ] AV T G
Ao B A 24 U R ) S B A A A 0 ket K P A
PR E Y. s PR P B L PR Ak 2 B 0y
S22 Vi AT i AT DLV S TR A IR 2 [T
T A TR S, SRR R MR SRR A 4
R — R RARZ BRI EY), REBIR KT E
AHMREE, JF e B AL RIEE R DinF, 3 E A
(ROS) /&, fefEdigi T, iRy, &
FrBr AT 7 AR R 51 S R AT R A5 4
A5 200 RS A PR G K, 3 AR D) B 7 - B
A sLrorel,
2 FHAEEKKH

HE B VA A s A, A
KRR AR E] DU T 0B AT 3 R0 1 B A
JR A AT A B A KBS . PR R, NBER
P R R ZROF A AT S R
RPrsi i FtsZ w4 S, RSz E
B, Ml FtsZ-GTPase HUiEYE TFE, HIHI KA 7 2
0L, Lin SR UONE I H2 S 4100 e Wt 7T AR K
P AR 52, 45 ORI AR RS vT ASE KR T
AR H B G T ATP AR, Sl
AR B ELIT R A B . Siroli 2R FH 44 S 28 )
FP ik T Bt K AT i RO s2 i, S5 R AR
PRI B, IR & i S AU o 11 5
SEPR R A R, AEAMEMEITIR . PRRAR IR
A 3NN, AR ibpA. ibpB &5 — R E A R

R, i B AR K2 B0 . Dhusia ST 5
B 12 B 2 BB RR 2 AT DL 6 b
T ) R Pt PR B 35 1, AN T 07 2 B e 2B &
B, S AN EE A . AT AR B R R DA
4 TR ) B A PR U K Bl s 1, AT S i 15 ) R
BB, THRAF B E AP A RIS, Ak
SREMR I L RAEH T R E s, BisEA
(1 LK T A A SR I, DRI HE I B 3% R
BARE A RS, SEEE EHE A ke
TR, JE H A0 1A KB R B AT
3 HIFIE A IBRFL AR

Y B AT A B R AR S5 i 2 hE . A4
HH. BEOSHRME RSN, RIRTHE R
ZRIBERGBGL, RO AYINEE, RS
TRIEREAR AR R ) PAT R, ORI S T IR R P
JLIRITIIHMEERS, B2 B S R I MR Sy,
FOAER, JCAEARIR B 7K REA R il it 4 v 5 111 B
(R e BB T B8], Serra 25071 R BLAE S5 (K 22 %
BT LR BB TR A = A R N,
M5/ RNARybB (17748, 5 7] FEEm et
Y4 BRI SN 7 CsgD ik,  HEMmT ISR AT
PAE BT . BRILLASN, Gopu 2R8I & 3
T RAe S 2 & il 2 s B A B Y LasR 324k
W, AR A 2 B A, S A B AR )
FES (R T o
4 ANl B-RIEk BREEIE M

B P A I B- N BRI RE K R T 5 25 kil
HRE, KTEE MEHEREEEAMN B-N
BEREIR, MM FEZGY ARG, & 2 nn AT B R 0
I E M ZHLE] 2 — 00, KRB FER R —FhRIR M
WERWED, |TEATET 2P Y
H1, Eumkeb ZFROIF 5T R A B R 25 5 B0 S P AR IR
BRI, BB P BRI 24 KT B 1 B- P Tk e I
T T2 2 BB R AR, AT Pk 50T B S b 1)
K. BRI R I SRR E SR
PN B- N BEREHE, EAAAE S T i 4ER, (H
WAR B T H M= T4 B- PN IR & I 1 K AT A
XSk fafthme . SkHumEfs K RIER, EHST PR
25U JE ANy AR BRI E A, {H Liu
GRPMAKINHEHEZSHELS R EOE-1
(NDM-D) &4, MM S NDM-1 55U 251 45
G, R, SHRHED R, BE R
I, B ™ NDM-1 )R A B s B R FEE (MIC)D



FwHEFE2H 2021FE2H

AR b A

Drugs & Clinic \ol. 36 No. 2 February 2021 « 405

EFFAE 4 f%5 . dbhh, ZUREAH RNE K SR vt ]
DU 454 NDM-1 #li HoK fgdte,  fEARSh g
rHEE R AT R E 77 NDM-1 (R i . i e
TEBE T 56 20 15 5 O RURR, RIS FE AR P S 36 v 5 2 8%
R AR BB FH o] A 280R 97 72 NDM-1 40 B 51 A2 11
JUL PRI RN it e e
5 #iHImEAYMERINERS

HhHE R G 1) A7 AE 72 I 1 181 R4 B8R T 1 245 )
M 25— N BRI, B8R4 AN 2 R E
2R, FRACEB N DU 9IRS, (R4 i S
ZANKEEYI AN T, AT LE B A 245124,
I IR A & BAR YU AE A, (HHRE T A
AcrA. AcrB. TolC [1)#%3%, il AcrAB-TolC #ME
ARG, BERSZM B-WEEIZETUERN 2 Eilf 2,
KIGAT R I B R R 251, B3ROV i R IR AT 2 e
44 AcrB 59 AcrAB-TolC R4S ERE
H 4~ 258 5 a R NG e W2 2] AcrB
RE TN EEREEE NH, ZEMBEHRT
FFBENT 22 Rl B 25 BB R . /INBERRUE A —
WA PR 2 )k o %ok 4 T 4 A — s R A FH BA A
Zhou Z£A K B FLAEAE AcrB mRNA i £ik, Mifi
PSRRI ThEE, 39N 2 E 25 1l 4 5 T A T
XTIRRD BRI E . 2R 2R B 28I T R I 2
L AR R S AR R SR s A IR S R RE
i AcrR BFRL, FEHDH] MarA. RamA [k,
ffif3 ACrAB-ToIC RZi[4 /r TRIEED,
T2 A HERE 7T T B, RE Z R 20 £
i 25 1 K AT BB AE A -
6 JHBRTZBR

JFRRLAE A B RSB AL R T, A DAy 2
T 245 5 DR 3 3 4 - A i 245 25 AT 6 40 B TR) 3R AT 7K
AL R . 2K AR S RO T R I /N B A 2 T R A
7 B T i M il AT ()T 24 R, AT i ik 75
I i 9% 7 B A1 TR R 261« Schelz ZER0Isg 4 JL
S 7 T AT I R DAY B R A T R 24 Bk, {HLATL A
i AN B, ARATTIA A8 T 24 SR ) K AT 1 T g
o AT BERRURE,  DABCT AT B ] DR SEZ R A
TR BT 26 kL. Bt LA, Blessing Z5BUH &
PLBRBER « 22 S A AT 3d i 1) 22 P 245
JORLAE 48 TR 22 8] B 456 2 7 ek /D T 2] Jo R £ B A
PR REEL, 38 ) K T B R 24 0 G ) 72 A
7 A HERWAXEER MCR-1

ZREE LM EAREEERE FIEE

YIlR, SRR Z S S, TR AE S
fEf R e, ERBEENE, SREHAET. B
YRS EE. BIUATEE . BEAREES, K
RIGA R HEEA RIGER, & BRI 2 =i
i1 AT R B B B B 2R, IR b E
ZHEMZIE B Z, 23 W RN 2 1
%, #mifmikt 777 MCR-1 LARR 2B H & 58
ZWCER NN Z R EEW 2k, MmiiZEan
mer-1 &R AT IE I R R, XA IR IR PR
971 SRR R ) PRI HEISS-341 288 T iy 2 % 6 i R AR 47
FEEMERr 2 —, B S R I R B
& MCR-1, FE#0H#] MCR-1 R 2. B e s Al 1
F, AE B AT e 2 8 025 AR A B R E A
HEW, W T 2 25 &0 mer-1 PR B i gusd:
Zhou Z RO 5k BLER HEL S BEAE 9 MCR-1 141 571
PR/ R R 5 2 3R % B B, BRARUATT
FH 22 0 B 2 24 1) i 8 5 B A1 A 5 | P g s S e
BEREH T dAEEER, IR BT 5 SR
FUSFNG . IR TR, B EARTFNERYAE S 28 H
B AEMFEER, AN ALK, KRR
gy R RAEE HE S MCR-1 Hi& 1 XI5
gy, ff MCR-1 MAEWIEMEER, Mk E 25
W R 2 KA TR R wx 25K B
(B . Wang ZEUOE K T T Y 5 80 1 2 AR AE
WEER, REATLLS MCR-1 454, {# MCR-1 3%
PERE R, PR BB ZO0T T 24 B R I RS, [RIITIE
SETHEB A N mer-1 RRFRIEE, BRLH
[ EN. AR
8 RLEERE

i 10 B3k, mIFHIEAYINTZ A, Hxd
I B PRI B R I AN I, i T B R4 B ) T 25
TE LR R R, FHUEAES) TS RS R PE 2
YIRETE, FEIXHANE], RARZGVIBUE R S T 3k
RSB, AT (102 DK 20t T A )7 A2
FARZIVINRL IR, BT HAS IR, FrLlEiE
AR, PG HMECUE B, BRAS T S gkpitE—2
W 5T LLRHZ 2 I TE R A . AidbEs B ik
AP T ZMABIRE, KAV A
SAFLLAIIM, SCF RARZW) BB B A FOBIE TS AR
FORZ , BB T RIR I PUE L, A
SCERIR T T A SR R R AR 25 B AT T AT R R4
(1 F AT Fe 8k g, R B T ik o5 4 i 3
PE. FHRan g A K ARY . 040 A . 40



<406 FE36HEFE 2 202142 H

AR b A

Drugs & Clinic

\ol. 36 No. 2 February 2021

B~ PAY I 2 Pl 0 1 5 3 A 1) P A R A 1 A
B B E U 25 R 25, T SARIE re s
A —Migie KPR, SR RN Y RikAE
XU AR BT TR AT € % . EEH
A&, ZERZHNT AR R TR, Sz
PR SR HE , AR FOMELAE— RN, A b
BN KRR AR R EAL, SR
WHFL P RETE AR A SES,  [RINE 241 iy MY
2% 2 P2 S T Bt — 0 W AR AL, R R AR
2y R RE BRI A R R A R R ) I PR ¥

i

IR A TR 24 (177 A
FBEFR HAGEAFARALEF SN R

SE 3k

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

Bassetti M, Peghin M, Pecori D. The management of
multidrug-resistant Enterobacteriaceae [J]. Curr Opin
Infect Dis, 2016, 29(6): 583-594.

Lou Z, Wang H, Zhu S, et al. Antibacterial activity and
mechanism of action of chlorogenic acid [J]. J Food Sci,
2011, 76(6): M398-403.

Shen S, Zhang T, Yuan Y, et al. Effects of cinnamaldehyde
on Escherichia coli and Staphylococcus
membrane [J]. Food Control, 2015, 47: 196-202.
A, 5O, Tk, S AR R e %
W AT AR T [0 IR R RN, 2017,
33(10): 58-66.

PURT, PN 6, BRIG R, S JRLIRER X Bk v % v
A FF B AR [3]. REY @k, 2018, 45(4):
788-796.

Ren X, An P, Zhai X, et al. The antibacterial mechanism

aureus

of pterostilbene derived from xinjiang wine grape: A
novel apoptosis inducer in Staphyloccocus aureus and
Escherichia coli [J]. LWT, 2019, 101: 100-106.

Chueca B, Pé&ez-S&z E, Pagan R, et al. Global
transcriptional response of Escherichia coli MG1655
cells exposed to the oxygenated monoterpenes citral and
carvacrol [J]. Int J Food Microbiol, 2017, 257: 49-57.
PR, MROC:, BRIEW], S5 J7RERE KRBT B 40
WAEFIRLE [9]. B M RHE, 2020, 36(4): 113-118.
Domadia P N, Bhunia A, Sivaraman J, et al. Berberine
targets assembly of Escherichia coli cell division protein
FtsZ [J]. Biochemistry, 2008, 47(10): 3225-3234.

Lin S, Liang R, Zhang T, et al. Microarray analysis of the
transcriptome of the Escherichia coli E. coli) regulated
by cinnamaldehyde (CMA) [J]. Food Agr Immunol, 2017,
28(3): 1-16.

Siroli L, Braschi G, Jong A, et al. Transcriptomic

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

approach and membrane fatty acid analysis to study the
response mechanisms of Escherichia coli to thyme
essential oil, carvacrol, 2 - (E) - hexanal and citral
exposure [J]. J Appl Microbiol, 2018, 125(5): 1308-1320.
Dhusia K, Raja K, Thomas P P M, et al. Molecular
dynamics simulation analysis of conessine against multi
drug resistant Serratia marcescens [J]. Infect Genet Evol,
2019, 67: 101-111.

LUANE . 5 KRR W AR AL 43 B B B e A R 5
[D]. &E: ZHEFI K%, 2019.

dEH, T, BEIR, A, MR FON R AT A <G
T COA )RR B AR AN B AR R RAT AT 9], AL T
2R 2R, 2017, 34(5): 38-41.

B/, HROGER, 2, . AW A DI RRE K BT
BRI [J]. 295554k, 2018, 53(12): 103-112.
RABE, REWE. EERXNM R HAWEAEKLEY
JETY BURE T RE M R [0]. R IR R 2% 5l R, 2013,
10(20): 2707-2708.

Serra D O, Mika F, Richter A M, et al. The green tea
polyphenol EGCG inhibits E. coli biofilm formation by
fibre
downregulating the biofilm regulator CsgD via the o(E) -
dependent sSRNA RybB [J]. Mol Microbiol, 2016, 101(1):
136-151.

Gopu V, Shetty P H. Cyanidin inhibits quorum signalling

impairing  amyloid  curli assembly and

pathway of a food borne opportunistic pathogen [J]. J
Food Sci Technol, 2016, 53(2): 968-976.

Bush K, Bradford P A. B-Lactams and p-lactamase
inhibitors: an overview [J]. Cold Spring Harb Perspect
Med, 2016, 6(8): a025247.

Eumkeb G, Siriwong S, Thumanu K. Synergistic activity
of luteolin and amoxicillin combination against amoxicillin-
resistant Escherichia coli and mode of action [J]. J
Photochem Photobiol B, 2012, 117: 247-253.

EHEEY, ERE, W8 S 7 MRS
ESBLs KM AF & Mg BL BT 7t [J]. &40 B EE,
2016, 48(4): 35-38.

Liu S, Zhou Y, Niu X, et al. Magnolol restores the activity
of meropenem against NDM-1-producing Escherichia
coli by inhibiting the activity of metallo-beta-lactamase
[J]. Cell Death Discov, 2018, 4: 28.

Liu S, Zhang J, Zhou Y, et al. Pterostilbene restores
carbapenem susceptibility in New Delhi metallo-p-
lactamase-producing isolates by inhibiting the activity of
New Delhi metallo-B-lactamases [J]. Br J Pharmacol,
2019, 176(23): 4548-4557.

B Bonil. MR EIMEREF AR [J].
ANEEZG: A S, 1999(3): 132-137.



FwHEFE2H 2021FE2H

AR b A

Drugs & Clinic

\ol. 36 No. 2 February 2021 « 407

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

(33]

Li B, Yao Q, Pan X C, et al. Artesunate enhances the
antibacterial effect of {beta}-lactam antibiotics against
Escherichia coli by increasing antibiotic accumulation
via inhibition of the multidrug efflux pump system
AcrAB-TolC [J]. J Antimicrob Chemother, 2011, 66(4):
769-777.

BT PR ARATKARDRIAT 24 R T 24 K P T
BEGEPERT T [D]. A bRk R, 2019.
Zhou X Y, Ye X G, He L T, et al. In vitro characterization
and inhibition of the interaction between ciprofloxacin
and berberine against multidrug-resistant Klebsiella
pneumoniae [J]. J Antibiot (Tokyo), 2016, 69(10): 741-
746.

2R, TSR AcrAB-TolC BV F 7E M 245 A I 19
5% [D]. M7 | PEER}KEE, 2018.

2K, VRBRAE, XOH, A SRS FOR IR T A A SR
Jiiti ¢ B B A B 24 1k (R A AR A 0], AR
EZ444E, 2020, 22(4): 14-17.

Schelz Z, Molnar J, Hohmann J. Antimicrobial and
antiplasmid activities of essential oils [J]. Fitoterapia,
2006, 77(4): 279-285.

Oyedemi B O, Kotsia E M, Stapleton P D, et al.
Capsaicin and gingerol analogues inhibit the growth of
efflux-multidrug resistant bacteria and R-plasmids conjugal
transfer [J]. J Ethnopharmacol, 2019, 245: 111871.
Paterson D L, Harris P N A. Colistin resistance: a major
breach in our last line of defence [J]. Lancet Infect Dis,
2016, 16(2): 132-133.

Liu Y Y, Wang Y, Walsh T R, et al. Emergence of
plasmid-mediated colistin resistance mechanism MCR-1
in animals and human beings in China: a microbiological
and molecular biological study [J]. Lancet Infect Dis,
2016, 16(2): 161-168.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Quan J, Li X, Chen Y, et al. Prevalence of mcr-1 in
Escherichia coli and Klebsiella pneumoniae recovered
from bloodstream infections in China: a multicentre
longitudinal study [J]. Lancet Infect Dis, 2017, 17(4):
400-410.

BOH, R KB 48 S H] 2 R R 208
BEH MCR-1 BRI [I]. 1 T B 4k
2020, 42(5): 427-433.

Zhou Y, Wang T T, Guo Y, et al. In vitro/ vivo activity of
potential MCR-1 inhibitor in combination with colistin
againsts mcr-1-positive Klebsiella pneumonia [J]. Front
Microbiol, 2018, 9: 1615.

Guo Y, Lv X, Wang Y, et al. Honokiol restores polymyxin
susceptibility to MCR-1-positive pathogens both in vitro
and in vivo [J]. Appl Environ Microbiol, 2020, 86(5):
€02346-19.

Zhou Y, Wang J, Guo Y, et al. Discovery of a potential
MCR-1 inhibitor that reverses polymyxin activity against
clinical mcr-1-positive Enterobacteriaceae [J]. J Infect,
2019, 78(5): 364-372.

Lu N, Lv Q, Sun X, et al. Isoalantolactone restores the
sensitivity of gram-negative Enterobacteriaceae carrying
MCR-1 to carbapenems [J]. J Cell Mol Med, 2020, 24(4):
2475-2483.

Wang Y M, Kong L C, Liu J, et al. Synergistic effect of
eugenol with colistin against clinical isolated colistin-
resistant Escherichia coli strains [J]. Antimicrob Resist
Infect Control, 2018, 7: 17.

o, AEE, EREF, 5 20 Fh R4 R &
SABUEE BT [ W2 EEE 2, 2013, 24(5):
1025-1027.

REE, M B BRAAR, & A EWrI PR &Y
BAER 9] hEPAEZ &, 2019, 44(12): 1366-1370

[t MFE]



