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Research progress on efflux pump inhibitors of Mycobacterium
tuberculosis in recent years
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Beijing 100050, China)

Abstract: Currently, the resistance of first-line anti-tuberculosis drugs has made the prevention and treatment
of tuberculosis increasingly difficult, posing a serious threat to global public health. Several studies have shown
that efflux pumps are one of the important causes for bacteria to develop multi-drug resistance and extremely-drug
resistance, and efflux pump inhibitors can inhibit the efflux of antibacterial drugs, thereby reducing bacterial drug
resistance. Numerous natural products and synthetic compounds have been reported to possess efflux pump
inhibitory activity, but they have not been applied in clinical settings because of their toxicity, pharmacokinetic
properties, etc. Therefore, we summarized the efflux pump inhibitory activity, antimicrobial activity, and structure-
activity relationships of reported efflux pump inhibitors against Mycobacterium tuberculosis in recent years,
providing references for the development of new efflux pump inhibitors with better activity and lower toxicity.

Key words: bacterial resistance; Mycobacterium tuberculosis; efflux pump; efflux pump inhibitor; antibacterial

activity; structure-activity relationship

S5 K% Wi A2 — P 45 0% 0 BOFF B (Mycobacterium
tuberculosis, Mtb) 5| £ 4% G, X &k a4t DA
TER T E AR . S T A 0 2T 2020 4F R AT
i o, 20194, 2 ERIEAT 1000 75 A& Lk s ik

ek H #: 2023-03-28; & [ H3#: 2023-05-22.

FETE: H X B AR R BITE (3214003).

*JE T 2 Tel: 86-10-63131053, E-mail: wangjuxian@imb.pumc.edu.cn
DOI: 10.16438/j.0513-4870.2023-0373

Jifi 285 %, o 140 75 NBE T 50 BhAh, SR
H K S 5 0 T e T 24 78 M ) HE I RN BE
ST 2 Ym0 T 245 TN 8 A 245 A AR
B H IR, IX 45 G5 A% BT ia Aok 1T AORI IR HE . H A,
— LR BLEE A% 25 a0 M R R AR LR I e R R
T T 4 35 THI W A A [ 2 B P i 245 ) ™), A otk <3
EP% [RACEAIRAE Ve TE /PR = 7

A AN HEZR (efflux pumps, EPs) & 41 B K i N )



-+ 2996 - 252 %4k Acta Pharmaceutica Sinica 2023, 58(10): 2995-3003

Ji iz i B R A K s iR 1, BOA HE AN R g5 A 2R A4k
AR I Z I TR B, 40 EPs IRAF(E 2 2
2 Zji 25 F0 Tz 24 1 B R R 2 U AT R
% 25 5 I HE H 40 TR A B0 T 2540, 18 P 4E KR AE T 3K
FE M FE, AT A R T A BB T 2 M R AR
U200 MR S R T B 1) R VR T, S R T 24 A O
(1) EPs 1] 73 9 5 AN S I5PY, 43 il @& = IR IR 4 & &
B 2R T2 B G AR Z0R /D 2 2T 240 R L T 24— 45
A2 o3 AR R DL K 2 2 5 R AN R . JL
IR R 45 G R SO0 T R R K
B2, T G A% 7Y 248 7 5 e U ) D B Py b I 1 P ok i 22
A R I T Re AR 25 KBS R BN, Mib
S 8T IX S AN ORI EPs, JF H 3 S8 R e =
MR MR 1 45 & ROl R R B G K k. H Ik,
EPs 7] LU Jg 4 i 40 17 &1 FIF 10 B 25 40 18T E AR, 2 —
TE RS b PRGN B ) 24 1

AN HEZE #0041 57 (efflux pump inhibitors, EPIs) 7& DA
EPs Jy$E b, 38 5 4100 il 44 7 A0 HE 3R G ok 1 s 3L 45 25 )
(470 BV PR, B b AT LR A A B R B AR E I A AE
i 225 Pk, T8 B R A i 245 1 DA R 0820 i ) i 2] A8
HH I PR A 21 S AR A R SRk G AN 4 1 i 24 T R T —
AR

ITAER, EPLs 5132 752 E T2 9%%E, (HX) EPIs
(R FEAT AL T S50 = FE B B, B4 I S5 A% BT B
EPIs # b b7, 105 A 2 N R B 5T B B i 4k 27 S
Ao G HER K R T A 18] EOR IR (carbonyl
cyanide m-chlorophenylhydrazone, CCCP). F ifil °F* . 2
VA 5 3 A S50 CAIE B B G54 0 B i A HER
PRI A, A H T i 24 R B2 L F M AR E 1 | A AT )
57 T 1R R B 22 A oK B FH T I RO TR AR R
[R5 1% 53 B AT B EPTs LA 85 2 3

ARICLRR T IR K B RIR =AU 276 B 5
%53 BOFF I EPLs, R&T 45 T 3X 2% EPIs 19 41 HE 52 4 1)

HC_~ = = OH

CH, CH, CH,

Farnesol
1

o R
HsCO

HO 4R=H;n=4

SR=0H;n=7

H,CO OH O

7
HO 6

Figure 1 Chemical structures of several natural efflux pump inhibitors
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Figure 2 Chemical structures of benzoheterocyclic compounds 10-26
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Figure 4 Chemical structures of compounds 32-39 with tricyclic substructures
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