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Abstract: ABC transporters on the intestinal barrier, blood-brain barrier and on tumor cells will affect drug

bioavailability, transport across the blood-brain barrier and multidrug resistance. The active ingredients of traditional

Chinese medicines can affect the function and expression of ABC transporters. When combined with pharmaceuticals

the potential interaction between the two can change the efficacy of the medicines. We review the ABC transporter

superfamily and their distribution with regard to their relationship and interactions with traditional Chinese

medicine on the intestinal barrier and the blood-brain barrier, as well as their role in tumor multidrug resistance

mediated by ABC transporters. We summarize the research progress over the past five years.
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Table 1 List of human ABC genes, chromosomal location, and function!!

Gene Alias Location Subfamily Expression Function
ABCA2 ABC2 9q34 ABCl1 Brain Drug resistance
ABCBI P-gp, MDR 7p21 MDR Adrenal, kidney, brain Multidrug resistance
ABCC1 MRP1 16p13.1 CF/MRP Lung, testes, PBMC Drug resistance
ABCC3 MRP3 17q21.3 CF/MRP Lung, intestine, liver Drug resistance
ABCG2 ABCP, MXR, BCRP 4q22 White Placenta, intestine Toxin efflux, drug resistance

Figure 1 The three dimensional models of P-gp®?! (a), BCRPY (b) and MRP (c)
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Figure 2 ABC transporters located on intestinal epithelial in

intestinal barrier
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Table 2 Studies on TCM-drug interactions mediated by ABC transporters in the intestinal barrier (2015-2020)

Active components

Transporters Chemical drugs Models

Results Ref

of TCM
P-gp Resveratrol Saquinavir Rats RESV can stimulate P-gp-mediated efflux of SQV. P-gp-mediated [15]
(RESV) (SQV) efflux of SQV. RESV can alter the SQV plasma concentration
profiles and shorten the 7, of SQV. RESV also leads to a decrease
tendency in the SQV oral bioavailability
P-gp Oligomeric Berberine (BB)  SD db/db OPCs significantly inhibited the efflux and increased the uptake ~ [16]
proanthocyanidins mouse, Caco-2  of the P-gp substrate R123 and BB in Caco-2 intestinal cells.
(OPCs) cell Moreover, OPCs substantially reduced the expression of P-gp in
Caco-2 cells. BB with OPCs could significantly improve the
pharmacokinetics and hypoglycemic efficacy of BB
P-gp Eugenol Colchicine Rats Eugenol in oral drug formulations might be useful for improving [17]
the intestinal absorption of P-gp substrates including colchicine
or as an excipient of nanoemulsions
P-gp Rhubarb Cyclosporine Rats Rhubarb and cyclosporine can activate the functions of P-gp and  [18]
CYP 3A and reduce the systemic exposure of cyclosporine
P-gp Catechin Digoxin Caco-2 cell The combination of catechin and digoxin can inhibit the function [19]
of P-gp and inhibit the efflux of digoxin
P-gp Piperine Domperidone Rats Piperine enhanced the oral bioavailability of domperidone by [20]
inhibiting CYP3A1 and P-gp in rats
BCRP & Scutellariae radix Methotrexate Rats SR ingestion increased the systemic exposure and MRT of MTX  [21]
MRP2 (SR) (MTX) via modulation on MRP2 and BCRP
BCRP & Tangeretin Silybin Caco-2 cell, Tangeretin is an effective inhibitor of BCRP and MRP1, can [22]
MRP1 SD rats & C57  enhance silybin exposure by inhibiting barrier-mediated
BIl/6 mouse transcellular transport, improve the bioavailability of silybin
MRP-2 & Shengjiang Xiexin  Irinotecan SD rats Shengjiang Xiexin decoction can relieve diarrhea induced by [23]
P-gp decoction irinotecan by reducing the expression of MRP-2 and P-gp in the

liver
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Table 3 Studies on TCM-drug interactions mediated by ABC transporters in the blood-brain barrier (2015-2020)

Active components

Transporter Chemical drugs Models

Results Ref

of TCM
P-gp Oxypeucedanin Vincristine MDCK-MDRI Oxypeucedanin can significantly down-regulate the level of MDR1  [41]
cell mRNA and inhibit the expression of P-gp, increase vincristine's
effect
P-gp Tetrandrine Vincristine Glioma mice/ Vincristine plus tetrandrine liposomes can significantly inhibit the [42]
C6-ADR cell drug resistance of mice by inhibiting the over-expression of P-gp,
leading to a robust anticancer efficacy in glioma-bearing mice
P-gp [f-Asarone Temozolomide U251 cell/C6 The combination of f-asarone and temozolomide can inhibit the [43]

cell

BCRP Amentoflavone,
apigenin.etc

BCRP-MDCKII
and temozolo-  cells

Doxorubicin

mide

expression of P-gp and MDR1 mRNA, and enhance the anti-glioma
effect of temozolomide

Amentoflavone, apigenin, biochanin A, chrysin, diosimin, [44]
genkwanin, hypericin, kaempferol, kaempferide, licochalcone A

and naringenin, exhibited significant inhibition (>50%) on BCRP

in BCRP-MDCKII cells, which reduced the BCRP-mediated efflux

of doxorubicin and temozolomide, accordingly increased their
cytotoxicity
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43 B B 2R AN AT SL B BT P-gp i 2R IA 1) SW620 41
Jia A1 P-gp 1t 238 HL B 55 25 i 25 /) SW620AD300 4H
()4 i B 1, &5 IR W7 29 B H B S el = &
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T P-gp/KF.

4.2 BCRP J#JiE T 41 il I B A ABCG2/BCRP Al
HoAth ABC¥12 8 H Sk RHIE . AR, BCRP
(14075 5 AT LA M A 5 8 AT 78 N 22 R I 29 iR
7 s B, WA N TEA T WIIR 1) 22 2t 24 v e 5 E L
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Table 4 Studies on TCM-drug interactions on reversal of MDR mediated by ABC transporters (2015-2020)

Active components Chemical
Transporters Models Results Ref
of TCM drugs
P-gp Quercetin Adriamycin MDA-MB-231/ Combination of adriamycin and quercetin down-regulate [60]
MDRI1 cell the P-gp expression of MDRI1 cells to restore the sensitivity
of MDA-MB-231/MDRI cells to adriamycin
P-gp Ginsenoside Rh2 Oxaliplatin LoVo/L-OHP & LoVo  Combination of ginsenoside Rh2 and oxaliplatin can [61]
cell significantly reduce the expression of P-gp, enhance and
inhibit the proliferation of oxaliplatin-resistant LoVo/L-OHP
cells, and induce apoptosis
P-gp Honokiol Paclitaxel Mouse/MDA-MB- Co-delivery of paclitaxel and honokiol with pH-sensitive [62]
231 cell polymeric micelles can trigger P-gp inhibition and have
the effect of inhibiting tumor multidrug resistance and
metastasis
P-gp & Hedyotis 5-Fluorouracil ~ HCT-8/5-FU cell 5-Fluorouracil combined with hedyotis diffusa can reduce ~ [63]
BCRP P-gp and ABCG2 mRNA and protein expression levels, and
inhibit ABCG2-mediated 5-fluorouracil resistance
P-gp & Cucurbitacin E Adriamycin CCRF-CEM cell & Cucurbitacin E is a substrate of P-gp and BCRP, and an [64]
BCRP CEM/ADRS5000 cell  effective inhibitor of ABCBS transporter, which can
improve the ability of ABCBS overexpressing cells to take
up adriamycin
P-gp Ursolic acid Adriamycin MCF-7/ADR cell The combination of ursolic acid and adriamycin can reverse [65]
the multidrug resistance of adriamycin by inhibiting P-gp
function and related amino acid metabolism
P-gp J196-10-1 Adriamycin, MCF-7/ADR cell J196-10-1 can promote ATP hydrolysis at a lower concentra- [66]
vincristine, tion and inhibit ATP hydrolysis at a higher concentration,
topotecan thereby inhibiting P-gp-mediated efflux without significantly
changing the transcription of the target gene, effectively
reversing resistance of adriamycin, vincristine and topotecan
P-gp Schisandrin B Adriamycin MCF-7/ADR cell & Schizandrin B combined with doxorubicin can increase the  [67]
A2780/DOX cell intracellular accumulation of doxorubicin by simultaneously
inhibiting the expression and activity of P-gp, effectively
reverse the multidrug resistance of tumor cells
BCRP Rhamnetin Sorafenib, HepG2/ADR cell, Rhamnetin can reduce the expression of BCRP, thereby [68]
etoposide, and ~ SCID mouse increasing the sensitivity of liver cancer cells to sorafenib,
paclitaxel etoposide and paclitaxel., especially HepG2/ADR cells
BCRP Bitter melon Adriamycin HT-29 cell, Bitter melon extracts inhibit the PXR promoter activity, [69]
extracts MDCK-MDRI1/P-gp/  inhibiting the expression of BCRP. The combination with
BCRP cell adriamycin enhances the inhibitory effect of adriamycin on
tumor cells, indicating that bitter melon extracts an effective
inhibitor of MDR function
MRPI Resveratrol Adriamycin Pumc-91/ADM cell Resveratrol combined with adriamycin can not only block  [70]
the S phase cell cycle and reduce the number of cells in G1
phase, but also significantly reduce the expression level of
MRP1, which effectively improves the multidrug resistance
of bladder cancer cells
MRP2 Erythrosterol Cisplatin BRL cell Erythrosterol reduces the uptake of cisplatin by BRL cells ~ [71]
by increasing MRP2 gene expression
MRP2 Crocetin Cisplatin A2780 & A2780- Encapsulation of crocetin into poly nanoparticles overcomes [72]
RCIS cell drug resistance by down-regulate MRP2 expression
P-gp Cryptotanshinone Adriamycin & SW620 & SW620AD  Cryptotanshinone/dihydrotanshinone combined with [73]
& irinotecan 300 cell chemotherapy drugs can enhance the cytotoxicity of
dihydrotanshinone chemotherapy drugs to cancer cells
P-gp, BCRP  Xanthotoxin & Adriamycin A2780RCIS, Xanthotoxin and bergapten can prevent adriamycin, [74]
& MRP bergapten mitoxantrone,  EPG85.257RDB & mitoxantrone and cisplatin from binding to the ABC
& cisplatin MCF7MX cell transporter and inhibit its outflow, which has the potential

of combined treatment of malignant tumors
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