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Research progress on the synergistic effects between plant active ingredients
and antibiotics to reduce drug resistance of bacteria
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Abstract : The problem of bacterial resistance has brought an unprecedented challenge to human life. The common antibiotics
have been gradually weakened or even become ineffective in the treatment of drug-resistant bacteria. The development of new
antibiotics is costly, time-consuming, and difficult. Antimicrobial agents based on plant active ingredients such as alkaloids,
polyphenols , terpenoids, lectins , saponins , glucosinolates and other compounds not only have great potential in antibacterial ac-
tivity , but also play a synergistic antibacterial role with antibiotics in various ways. In this paper,we summarizes the research
status of bacterial resistance,the effect of plant active ingredients on drug-resistant bacteria and the mechanism of synergistic
antibacterial action with antibiotics,, which could restore or enhance the sensitivity of drug-resistant bacteria to existing antibi-
otics,,and provide theoretical basis for the application of plant active ingredients in the field of counteracting bacterial resist-
ance.

Key words: plant active ingredients ; antibiotics ; bacterial resistance ;antibacterial activity ; synergism

PUAERE it m R LR R AR Z
— Iz AR QB 36 YT . (HR B b
AR RIS BT, K 2505 IR A 3 i A
AT — HAR R XL A 27 A i 2
P, AL BE NS I A e [N T G B 1 X R e PR J8 AL 4
AR, I REIE 1 K- N e B A s 25 A A T o Tt
2y R AL S A AR B 2 R, LB T iR

ks H 1 .2020-09-22 B2 H #1.2021-01-20
AW H g HRHESR TSI H (2019-02-08-00-10-F01149)
* MEVEH Tel :86-21-61900503 ; E-mail : xhsun@ shou. edu. cn

FAA A AT RE S AE S AR o AT 4H
TiEf 245 P SR BB, 43R T B XS SR AT < ik
ZGMEIN A BRI AR 3R T A BT 25 AR R
SRHEBR A U R PR TE S B IT R
Lt — R e R | & Bt A AR, I Hopr 25 0
KR AN 2P AR o R BT, s B
RAHY) X — BRI RS, P, YK 2 E
SR M 245 TR AT AR 3R A SR P 4 ol 2 T 24 1
Rre K R AT S5t

TSP BA BT PR PR S DAL,



1064 KIRF=YIB R 5T K

Vol. 33

WHA ARG A 2y AP AREEosk A
NN i L7 R 3 s a LR ) £ L RS RAEE s
HBEAT ZMPiwE/EH, SPiER A HEA L
WK A2 Bl i BT A 20 T 25 TR O BT T L O T
Vol 200 TR ) 24 1 B — o A SR o AR SR 4 BT T 25
PRCAR B 0 PR TR 70 A 36 % T 24 A7 A £ FE B
HALHI B TR , B 78 AR Y 16 M 43 1 T I 41 B
T 245 1A 1 R P Sk AL 3 Al

1 HEX R AR 25 PR

20 BT T 25 1 2 43y 1A T 24 0 R 3R AT 24 1
RIS, B TR 25 PS40 o 5 A AR A, P e e Ak
R, A ek Al i B v Ry T 3 R B AR R AR AR
A P R 530 E B e i8R 5 e L
(WHR AT 25 5L 0K ) B , I HK AP IR s A% 45 5
R0 BRATHIR 251 2 48 40 B 22 YR 5 B0 T 2 W ol
N TR A A IR A I N AR 5 AR AR R
AR Xt B A 2R 0 RO ARG, AT 7 A TR 2
1 T NG B BRI, o T 4N i 2
P B R R, T 24 DR AR S T3 22 Tk 245 7K 7 AN W 3 i
Tiff 245 1 AR, AN AR A & T I B — Tt 24 T 2
ST 2 T AT 2 . PRAN A, 40T T 24 1) f 7
SER P PN i A7 7, 22 24T 24 B % 4T 24 B 9 G
MRS AT MR R TR 40 (WHO) 14
M, AR ATER T A S (B TR | B2 RN BT
FBEBR P 45 R RK S M IX 5 DL 1) I g PR JRR g A
TH 25 T bk IR e R B 3k 50% , BAE B/ E R S T
FET1 o HiE 5 s 4 R BT AP0 (CDC) A
T, A0SR 25 KPR 22 T, 31 2050 AE AR S
1000 J3 AFET-H . A A0 2 A R
( CHINET) %03 % ], 2005 ~ 2020 4E 3% [ K £ % (1
5 A2 285 T R X DL B0 BT 2 00 P T 2 SR AR 9% St B
A, s OB TE 1O 25 R Y 8 T, B
X BRSBTS 25 100 H 25 e . il
9 0B AN FC TR AT M55 g A T 265 R 3. 0% 3 K &
26.4% , %P E B BT 25 R 2. 9% I =E
28.0% . WAk, AT A S B T %o IV e 4%
T IR 25 55 R E T 76.7% F129.2% % 56 B 15
R T 2534051k 76. 1% F124.5% "

A TP RAE AR IR L pyad s,
T HE BRI FREEAEA A
F 21 gy, b KR4 54% TR . i
Ry BAEHAZL(OIE) A B Eds 8o, & shY)
HFEMPUAERA 2Bk AE P R B2 50% 11

KEGS Syt RZ W HEES T 30%,
AR L TR SR A R AR R
2109 2.98 x 10* v, BT HIH A2 2 4 o fe AR KA
WBIT 2 R, o R A KAl A 7 i i 1. 54
x 10*t, Z /0 5 2 el FHT A 24 0 26 28 HE Rk 53% o
PEARST AT, 2010 ~ 2030 4F, 5 H] T A [ & 4l /9
Yo DRI — 1%, 2938 T BRI FE R R
1735 B O FIK = FR 0 N T T 5 14 Y A2
A K B R AR A 2R 78 SRR K i
WINPE R, SR AT 25 L AT 25
ARASNS e A 00, T LA ™ T A L T A
DR Ay ok B Aol IO AE 25 NS B A6 7 2R G R A Bk AL
Z IR AIIE 2, S URT 245 1 7T 3 1 S A K ER
8 23D L S T 2 e R B A 4 A AR i
FE, S BON RPN B 7 A= T 21, DT S 85 PRI
ORI . HeAh, it 25 3 PR i K F A A AL T
TEARF ARG Z (AL 3% 22 245 24 4 T g XU
T B B Ol R R A e R %
Fiaepkae e,

AR 2RI PRI A 2 1, S8
AT 25 0B 1 250 o, SE & L TR
O A0 T A — ik o Pl 24 5 IR, O EL R A S5
IV I TS50 5 245 i R A ) 8 2 I A% . I
b BT LUK i JLT BT A B-TN eI R4 Ak
LR T HiE RGBT MBS B 25, T
SHEBUERMNAYT Z TR, R EIET R KR
S, A B AL AE K B AR TS VAT 2R,
RS A TR AT B R L 4k 2009 4E IR
IRIE T 5 — 55 3 A Bk A T T A A B- TN
e i ( NDM-1) 448 25 T 24 48 265 BR T 5, 2020 4F 35 [
PR AT 0 (CDC) % BT W3 Rt 14
AT (LS BRI B2 RS 1. H B
B AT RE N R o 22 L AR PR 25 M )z A
TR HUAE 200 S B B A IR K AR AR T T
RASERIMEGAE AN, 4B B R Y HE AL R AR B
1 GBI 25U A, PR, BV 7R 45 FE A 11
PoAE R PALH T B AN 4 7T Bk B B A2
i3
2 EWEMR S ERE SN A ELER
2.1 S£¥mEs

A R A ) T A A A A — O R B, B
Pk S P RS T RE XS 2 R 25 1 R AR B
YEH . Y-S AN FF U RREGEH e D&



Vol. 33

W i T 55 AR 53 I IR B0 2 2 00 O 200 T Y 24V R AT 5 20 e 1065

KRBT RN 22 245 Tt 24 4 2% IR B TR A B v 1 H
Laudadio 2" BIF 55 % B, /NSERRIK £ 22413 B 0 22
25Tt 24 4 2% i 28 M0 B ( multidrug-resistant Pseudo-
monas aeruginosa , MRPA ) B 58 FU I R, 5
PR 22 AR R ZRAH LT 24 h TS A0 B &
2 log, Jaktaji 2% KB, MM AE D HE B BEE
B (1.56 mg/mL) FIFRPFH LA (1. 00 mg/mL) BEF X
MR I acrAB it 33k 10 2 25T 25 K G FT R A A
PIMRIHC TR, 20 508 i 94 2 8 % (fractional inhibi-
tory concentration index, FICI) 5 0. 13, M H Vb B %
/NI B % B ( minimal inhibitory concentration, MIC )
BEAIR T 2. 8 A%, G5 1 24 TR X bt AR 3R AU . I
Hb AW A 2RO 2% I B R TR R R A PR [R]
HLBIE , Mgbeahuruike 25 F 5% % BA, 1 HU il 2.
A T L2490 ) T Y 40 AR 4 €0 ) 4 BR AT (me-
thicillin-resistant Staphylococcus aureus, MRSA) , 5 U
B FICL B {ECY 0.3, BB 2K MRSA Xf
PR K O RUENE . Zuo 25 BIFST R, B 1% K g
R B- N R AE 2% MRSA AT T 1, 35 B
A B E AR 2R B AR T 0 AR R 0 B A RG]
i, AEfR ORRE R s 25 Wy R RIE ]
2.2 HERZE

HEZRAL G W) I AR T i KR M T G
SR Z MY S AE ) e b, 5 2 R RISl
FHY BE 2 B XF MRSA (%) b 6] 40 i /& FH, Amin
S TR o | AR 3R M 2 B A
Y5 A b OBy B S FH XS MRSA | FICT {524
0.45 ~0.50, H'e B-INBEIE R HTAE R 1Y MIC (B f%
KT 2 ~16 1%, R H] R MR B 21L& W RE A A
FEJE I 5 B- 1N Tk e R0 A6 38 6 MRSA (W HT I E
JHo Diniz-Silva 5 % B, W5 3% M R HF AR AT
TP A G W) 5 R VD B KA H X% MRSA
A B PEHTREIE R, v B B0 MIC {85 Sl
TR LR B T 4 ~ 16 %5, BEEIZRIL A YA BT
A2 ZS T 24 T B AT ) 3 P R0 T T P, AN AL RE T
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Table 1 ~ Synergistic interactions of plant active ingredients with antibiotics
[ o=y 7 e S
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Mechanism of action Mode of action Bacterial target Ve meredients Pe O Ref.
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MERUERM OGRS o WORGREHER oo T B I A -
Changing the target of antibiotics i) 2
R LR
MRSA Phellinus baumii ethyl — B-NBENEZS 38
acelate
ESBL-QR KIAAT R . A E:EE Cinnamalde-  B-PH B AL S | M5 7 il 30
ili 9 52, B A ER hyde 2% .
BT 2K B T B B Chanocle
Inhibition of antibiotic hydrolysis/ ﬁ—ﬂﬂ@fﬁﬂﬂﬁ@ l MDR KIHHF# . ’ UEZS-S 39
modification enzyme activity vine
MRSA ARERELZ Luteolin E—_Z\l@%%% SRR 25
HZR
WA Baicalin B—WMHE;’@ 40,41
PR Tannic acid
%D\I%f[aiﬂig e 71y Carvacrol IR E S 42
HHEFB Thymol
DR AR R U AT 2
L) Piperlongumine
“élpﬁ LES IS HEFAT T Menthol L7HIES 32
AN EYE T MRSA # 1% #K Berberines B-M R 23
BT Gallic acid & FAHE 43
MDR K iz #F 1 | ¥ P o B-NERREE R
PG B AU Acacia oil * 44
AMBIER | MDRMMAMECHFE %% Curcumin 0 R R 2
ES
MRSA VR 75k ¥l Jiz 2% Quercetin i{_ﬁ%}w% SRR 45
ES
MDR il M 7T Rutin FILHE 46
VERE )55 I e L R
g‘%ﬂ%m{’?m@/ﬁﬂ%ﬂ%ﬁ Y %
MDR # = [GRATE R Cranberry proanthocy- U ZE 30

Promoting membrane permeabili-
ty/inhibiting efflux pump activity

anidin
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[y RS
EFIBLA (GIVES AL Jwbnwreior o ULARER BH
Mechanism of action Mode of action Bacterial target ) Bre i e O Ref.
of plant antibiotics
acrAB-TolC 4} acrA & Rk KIFF  #E 1E E B Sophora I
Hege | T alopecuroides alkaloid METR 2
MO R DR Beberine BRI 21
D SR AETH Catharan-  ZEEREH IS PUFR R
MDR % fis 5 g thine % 47
Nort spie | O IS ERE i e i 2,48
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MDR $MEZE | MDR $8 ARZhHFHE  EGCG B-MNTEEZE 49
;;BL RIETEIIC gy Catteic acid W ISR 20K 50

TE: T W/ s | 0B/ ] s MRSA 5 R 474 bk 4 28 G AT A R 14T 5 CR T 75 B4 s MDR : 22512 3 VR 5§ 0 11 B 38 s ESBL: P81 -4
POt i i s ESBL-QR 7)™ 315 B- PN PO e Al EL TR s 1A B2 s PBP2a: A R A G H ECCC  RBAR TILR R WA TR,

Note: T :Increase/activate; | :Decrease/inhibit; MRSA : Methicillin resistant Staphylococcus aureus ; CR ; Carbapenem-resistant; MDR ; Multidrug resistant ;

VR': Vancomycin-resistant ; ESBL: Extended spectrum B-lactamases ; QR : Quinolone-resistant ; PBP2a ; Penicillin binding protein 2a; EGCG : Epigallocatechin

gallate.
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norC .mdeA .sdrM F1 sepA)2 ~6 4%, M Pk 52 B & P4
MK MRSA BOPPTR G Mo HAB A RIRAL A, B n
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